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Az inzulin szekrécio folyamata
Inzulin szekrécio a glukoz koncentracio flggvenyeben
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Az inzulin szekrécio, a plazma inzulin és az
intersticialis inzulin-szint valtozasa étkezes hatasara
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Korai inzulin csucs: a hepatikus glukoz
orodukcio szupresszioja
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A korai inzulin csucs hatasai: glukagon
SzZupresszio

T2DM Is Marked by Blunted ¥ ilin Response and
Inadequate Glucagon Suppression After Meals
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A béta sejtek %-o0s aktivitasa a vercukor-szint
fuggvenyében

Percent activation (PA) of pancreatic fi-cells subject to different glvcemic stimuli, as extracted
from Fig 2 in [1].
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Napi inzulin szekrécié egészséges, normal sulyu felnétt: 0,5 U/ttkg ~30-50 U/nap



Az inzulin hatas, vagy az inzulin szekrécio zavara az
elsédleges 2-es tipusu Diabéteszben?

Insulin secretion and insulin action in non-insulin-dependent diabetes/mellitus: which defect is primary?
Reaven GM
Diabetes Care [1984, 7 Suppl 1:17-24]

Defects in both insulin secretion and insulin action exist in patients with.non-insulin-dependent diabetes
mellitus (NIDDM). The loss of the acute plasma insulin response to intravenous glucose is seen in patients
with relatively mild de%]rees of fasting hyperglycemia, but patients with severe fasting hyperglycemia also
demonstrate absolute hypoinsulinemia in_responseé to an oral glucose challenge. In contrast, day-long
circulating insulin levels are within normal limits even in severely hyperglycemic patients with NIDDM. The
relationship between NIDDM and insulin action in NIDDM is less complex, and is a characteristic feature of
the syndrome. This metabolic defect is independent of obesity, and the severity of the resistance to
insulin-stimulated glucose uptake increases with magnitude of hyperglycemia. Control of hyperglycemia
with exogenous insulin ameliorates the degree of insulin resistance, and reduction of insulin resistance
with weight loss in obese patients with NIDDM leads to an enhanced insulin response. Since neither
therapeutic intervention is capable of restoring all metabolic abnormalities to normal, these observations
do not tell us which of-these two defects is primarily responsible for the development of NIDDM. Similarly,
the observation that most patients with impaired ilucose tolerance are hyperinsulinemic and insulin
resistant does not prove that insulin resistance is the primary defect in NIDDM. In conclusion, reduction in
both insulin secretion .and action is seen in patients with NIDDM, and the relationship between these two
metabolic abnormalities is very complex.


http://europepmc.org/search;jsessionid=fAzeRLEwjABwpNeAHSXI.0?page=1&query=AUTH:%22Reaven+GM%22
http://europepmc.org/search;jsessionid=fAzeRLEwjABwpNeAHSXI.0?page=1&query=JOURNAL:%22Diabetes+Care%22

Az inzulin szenzitivitas és szekrécio eltérései a
orediabetes és a T2 DM alcsoportokban

Table 2.
Overview of the Defects in Insulin Sensitivity and B-Cell Function Observed in the Different Subgroups of Prediabetes and T2D

Absolute Early Insulin Release Insulin Sensitivity (Glucose-Stimulated State) Insulin Sensitivity (Fasting State) Relative B-Cell Function (Glucose Stimulated State) Relative B-Cell Function (Fasting State)
OGTT definition
NGT Ref. Ref. Ref. Ref. Ref.
i-IFG 1l —] 1 ! H
-IGT /1 1 /] + +
IFGHGT l 1l 0 1l 1l
F-DM L L L L L
2h-DM o 1 1 1 1
F-2h-DM 1 1L L 1 1l
HbAlc definition
HbAlc = 6.0% — — — — —
HbAlc6.0%-6.4% | l 1l 1l 1l
HbAlc = 6.5% 1l 11l 111 11l 1l

<, unchanged; |, mildly decreased; | |, moderately decreased highly decreased; T, mildly increased; Ref, Reference.



A szérum inzulin tulsuly esetén

Obesity and Insulin Resistance
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Inzulin valasz valtozasa a CH anyagcsere-zavar

kialakuldsa soran l 9

Peak Insulin Response after Oral




J Clin Endocrinol Metab. s wvarsiyos-r

Beta-cell dysfunction independent of obesity and glucose
Intolerance in the polycystic ovary syndrome.

Dunaif Al, Finegood DT.

Abstract

Several distinct groups of subjects at high risk to develop noninsulin-dependent diabetes mellitus (NIDDM)
have been found to have insulin secretory defects when beta-cell function is assessed in the context of
peripheral insulin sensitivity. We investigated this with a modified frequently sampled iv glucose tolerance
test to determine acute insulin responses to glucose (AIRg) as well @s insulin action by minimal model
analysis in 28 women with polycystic ovary syndrome (PCOS; 15 obese and 13 nonobese) and 29 age- and
weight-matched normal women (14 ebese and 15 nonobese). No subject, PCOS or control, had fasting
hyperglycemia, but seven PCOS women (six obese and one nonobese) had impaired glucose tolerance or
NIDDM. The PCOS women<ad significantly decreased insulin sensitivity compared to the normal women (P
< or =0.001), and the_ebese women were less sensitive than the nonobese women (P < or = 0.001). The
empiric measure of insulin release, AIRg, was significantly increased by obesity (P < or = 0.01), but not by
PCOS. However, the disposition.index (insulin sensitivity X AIRg) was significantly decreased by both PCOS
(< or = 0.005) and.obesity (< or =0.005), suggesting that AIRg was inadequate for the degree of insulin
resistance. When the PCOS women with impaired glucose tolerance or NIDDM were removed from the
analysis, all of the reported PCOS-related changes in insulin action and secretion remained significant.

We conclude that both obese and nonobese PCOS women
have beta-cell dysfunction as well as insulin resistance. However,

this was not associated with glucose intolerance in the majority of PCOS women.



Inzulin rezisztencia kialakulasanak
mechanizmusa

Csokkend inzulin érzékenység inzulin szekrécids zavar
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Az Inzulin/IGF-1 receptor csa
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40 YEARS OF IGF1: IGF1 receptor signaling pathways
Fumihiko HakunoLand Shin-Ichiro Takahashi-
Journal of Molecular Endocrinology, T69—86, volume 61, Issue:1


https://jme.bioscientifica.com/view/journals/jme/61/1/JME-17-0311.xml#affiliation0
https://jme.bioscientifica.com/view/journals/jme/61/1/JME-17-0311.xml#affiliation0
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Az Inzulin/IGF-1 receptor csa

Mitogenic Signaling Metabolic Signaling

40 YEARS OF IGF1: IGF1 receptor signaling pathways
Fumihiko HakunoXand Shin-Ichiro Takahashi-
Journal of Molecular Endocrinology, T69—-86, volume 61, Issue:1



https://jme.bioscientifica.com/view/journals/jme/61/1/JME-17-0311.xml#affiliation0
https://jme.bioscientifica.com/view/journals/jme/61/1/JME-17-0311.xml#affiliation0

Interaction of insulin with insulin receptor
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Inzulin receptor RNA expresszio a human
szOvetekben

HPA dataset’ RMNA tissue category: Expressed in all




Expression of INSR-B protein in meiotically
incompetent (d11) and competent (d19, d21)
oocytes at various developmental'stages
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Insulin Signaling in Mouse Oocytes ;Nicole Acevedo, Jun Ding, Gary D. Smith; Biology of Reproduction, 77(5):872-879 (2007)



A follikulogenezis
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A follikulogenezis
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A follikulogenezis
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Coordinated regulation of follicle development by germ and somatic cells
Mario Binelli, Bruce D. Murphy ; Reproduction, Fertility and Development 22(1) 1-12



Az 0sztrogen bioszintezis lepé
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A Theca sejtek steroid produkcioja
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Effects of Insulin (20 ng/mL) on Testosterone
Production by Ovarian Thecal Cells
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Az inzulin hatasa a GnRh szekreéciora
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Vaijinath Biradar, Sangeeta Tengli. Myoinositol in PCOS. Journal of Evidence based Medicine and Healthcare; Volume 1, Issue 15, December 15, 2014; Page: 1927-1936.



Az inzulin hatasa a GnRh és gonadotropin
szekreciora
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Vaijinath Biradar, Sangeeta Tengli. Myoinositol in PCOS. Journal of Evidence based Medicine and Healthcare; Volume 1, Issue 15, December 15, 2014; Page: 1927-1936.



Estradiol (E2) response to insulin in granulosa cells
from an 8-mm follicle from a normal ovary
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Modulation by insulin of follicle-stimulating hormone and luteinizing hormone actions in human granulosa cells of normal and polycystic ovaries.

Willis D, Mason H, Gilling-Smith C, Franks S. ; J Clin Endocrinol Metab. 1996 Jan;81(1):302-9.



Effect of insulin on FSH-induced E2 production in granulosa
cells from follicles < 10 mm and anovPCO. Open_square = no
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Modulation by insulin of follicle-stimulating hormone and luteinizing hormone actions in human granulosa cells of normal and polycystic ovaries.
Willis D, Mason H, Gilling-Smith C, Franks S. ; J Clin Endocrinol Metab. 1996 Jan;81(1):302-9.



Az inzulin petefészek mikddést befolyasold hatasai
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The Insulin-Related Ovarian Regulatory System in Health and Disease LEONID PORETSKY
Endocrine Reviews 20(4): 535-582



Inzulin hatasa patkany ovariumon
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The Insulin-Related Ovarian Regulatory System in Health and Disease LEONID PORETSKY
Endocrine Reviews 20(4): 535-582



Az inzulin és IGF-1 rendszer éssze&ései
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IGF-Binding Protein-1 Levels Are Related to Insulin-Mediated
Glucose Disposal and Are a Potential Serum Marker of Insulin
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RESEARCH DESIGN AND
METHODS:

Twenty-three subjects
underwent a euglycemic
insulin clamp. Glucose disposal
rates (M) were then correlated
with measurements of IGFBP-
1, fasting insulin levels,
homeostasis model
assessment (HOMA), and BMI.
RESULTS:

IGFBP-1 levels more strongly
correlated with M (R =0.73)
than the other parameters
such as BMI or HOMA. The
level of this protein decreased
in individuals who became
more insulin sensitive by
exercise training.
CONCLUSIONS:

These studies show a strong
correlation between insulin
sensitivity and the serum levels
of IGFBP-1.



Effect of hyperinsulinemia on IGFBP-1 levels
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The regulation of insulin-like growth factor binding
protein (IGFBP)-1 during prolonged fasting

Cotterill AM?, Holly JM, Wass JA.

OBJECTIVE:

Insulin-like growth factor binding protein (IGFBP?—l levels increase overnight, being inversely related to chan%es in insulin. With prolonged fasting IGFBP-1 levels
increase further. In animal studies high IGFBP-1 levels increase plasma glucose levels possibly by regulating the insulin-like actions of 'bio-availab e'#olasma IGF.
Following prolonged fasting, there is an increase in insulin requirement. A proportion of this reversible insulin resistance may be due to inhibitory effects of high IGFBP-
1 levels on IGF action. This study examined the regulation of IGFBP-1 in the presence of reversibleiinsulin resistance.

SUBJECTS:Nine normal adult volunteers, seven female and two male (mean age 27.6 +/- SD 2.6 years, range 21.7-46.0 years) of normal body mass index were studied.

METHODS:Subjects fasted from 2200 h day 0 to 0900 h day 3 (59 hours), the fast being completed with a 75-g glucose meal. At least one week later, an 11-hour
overnight fast was performed, followed by a repeat glucose meal. Blood samples were taken at/regulariintervals from 0900 h day 1 and for 5 hours during both glucose
meal studies via an indwelling cannula.

MEASUREMENTS:Serum levels of IGFBP-1, insulin, GH, glucose, IGF-l and cortisol were measured at varying intervals during the fast and both glucose meal studies.
RESULTS:

Following the initial 11-hour overnight fastIGFBP-1 levels rose from (mean +/- SEM) 32 +/- 5
micrograms/| to reach a maXimum of 144 +/=24 micrograms/| after 32 hours of fasting. irer-1 levels then
fluctuated, falling in the morning (93 +/-8 micrograms/l) and then rising overnight (126 +/- 9 micrograms/I), but not regaining the initial peak levels. The increase of
IGFBP-1 from overnight fasting levels'was associated with a fall in plasma insulin from 5.7 +/- 0.7 to 2.2 +/- 0.2 mU/I. In comparison, 30 minutes after

termination of thesfast with'theglucose meal, IGFBP-1 levels fell from 120 +/- 11 to 24 +/- 2

MICrogra ms/I within 4 hoursafter an overnight fast IGFBP-1 levels fell from 35 +/- 5 to 13 +/- 2 micrograms/I within 3 hours. There was glucose
intolerance and increased insulin levels following the glucose meal preceded by the 59-hour fast when compared with the overnight fast. The fall of IGFBP-1 levels
after the glucose meal was best expressed, taking into account subject variation, bLthe following regression equations: Glucose meal preceded by 11-hour fast: log
[IGFBP-l] = 1.64-0.255 log [1 h previous insulin] (R2 0.51); Glucose meal preceded by 59-hour fast: log [IGFBP-1] = 1.41-0.265 log [1 h previous insulin] + 0.557 log
current glucose] (R2 0.82g).

CONCLUSION:
In man, insulin appears to regulate circulating IGFBP-1 levels in all circumstances, this regulation being unaffected bY the resistance to insulin action induced by

prolonged fasting. The high IGFBP-1 levels were statistically related to the higher glucose levels and may have directly contributed to the increased insulin requirement
observed after prolonged fasting.


https://www.ncbi.nlm.nih.gov/pubmed/?term=Cotterill%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=7693379
https://www.ncbi.nlm.nih.gov/pubmed/?term=Holly%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=7693379
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wass%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=7693379

IGF-1 mint lokalis parakrin szabalyozo faktor

Follicular Fluid Insulin-like Growth Factor-l and Insulin-like Growth Factor—-Binding Protein-1‘and -3 Vary as a Function of Ovarian
Reserve and Ovarian Stimulation; J Assist Reprod Genet. 1998 Nov; 15(10): 587-593

Laurel Stadtmauer,12 Andrea Vidali,! Steven R. Lindheim,! and Mark V. Sauer?
Abstract

Purpose:Follicular fluid concentrations of insulin-like growth factor (IGF)-1, IGF-Il, IGF-binding protein (BP)-1, and IGFBP-3 in 57
women undergoing in vitro dfertilization and embryo transferwere examined to determine whether levels reflected differences in
patients' exposure to gonadotropin stimulation and a diminished ovarian reserve.

Methods:Preovulatory follicular fluid was obtained from both gonadotropin—stimulated and unstimulated cycles. Subjects were
grouped according to normal or decreased ovarian.reserve and whether or not they received gonadotropin stimulation.

results:The mean follicular flaid concentrations of IGF-1 and IGFBP-1 were sign@ficantly
lower in the “decreased” ovarian reserve group compared with the “normal”
ovarian reserve group, with-no€hange in estradiol or IGF-II levels. this resulted in a decreased

molar IGF-I: BP ratio and aniincreased molar IGF-1I:IGFBP-1 ratio. In unstimulated cycles, mean follicular fluid concentrations of IGFs
did not differ significantly comﬁared with those in stimulated cycles, whereas concentrations of IGFBP-1 and IGFBP-3 were
significantly lower, leading to higher molar ratios of the IGFs to the binding proteins.

Conclusions:Follicular fluid IGF and binding proteins vary as a function c&f ovarian reserve and gonadotropin stimulation. This may
reflect either differences in oocyte quality or a suboptimal follicular fluid environment.



The intraovarian insulin-like growth factor-|
system
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Evron, A, Blumenfeld, Z, et al, Glob. libr. women's med.,
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Az IGF-1és IGF-2 ovarialis hatasai

Table 2 Ovarian actions of IGF-l and IGF-ll in humans

Granulosa (granulosa/luteal) cells
Promotes:

Theca cells/explants
Pramotes:

Follicles
Promotes:

Aromatase activity and mRNA
Basal Es and P secretion
FSH-stimulated E; and P secretion
DNA synthesis

Cellular proliferation

IGFBP-4 proteolysis

IGFBP-5 production

?2IGFBP-2 proteolysis

Inhibits:

IGFBP-T1, IGFBP<2 production

Androstenedione production
Testosterone production
DNA synthesis

Qocyte maturation?

From Poretsky et al,” with permission.

The Insulin-Related Ovarian Regulatory System in Health and Disease LEONID PORETSKY

Endocrine Reviews 20(4): 535-582



Ovarialis aromataz aktivitas FSH, LH, IGF-1
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Enhancing effect of insulin-like growth factor-1 on
follicle-stimulating hormone-stimulated
progesterone accumulation
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Effect of IGF-1 on initiation of follicle development. Bars show
the mean percentage of healthy growing follicles(with 95%

confidence interval) in samples of normal humahn ovary cortex
P=0.028
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Addition of IGF-1 at 1 ng/mL to the culture media significantly increased the proportion of growing follicles compared with samples cultured in the absence of IGF-1. There was no further increase with the addition of higher
doses of IGF-1, but the overall difference in response to varying doses of IGF-1 was significant (P = .047). Numbers in the bars indicate the total number of follicles analyzed in each group.

Role of Insulin-like Growth Factors in Initiation of Follicle Growth in Normal and Polycystic Human Ovaries Sharron A. Stubbs, Lisa J. Webber, Jaroslav Stark, Suman Rice, Raul Margara, Stuart Lavery, Geoffrey H. Trew, Kate
Hardy, and Stephen Franks ; J Clin Endocrinol Metab, August 2013, 98(8):3298 —3305



A follikularis folyadek IGF-1 koncentracio
0sszefuggese az embryo mindseggel

Parameter (rate %) High FF IGF-1 (n=60) Low FF IGF-1(n=60) P value
(>59.25 ng/mg protein) (<59.25 ng/mg protein)

Mean age (years) 32.81+3.83 81.77+4. 9 0.14 NS
FF E2 (pg/ml) 284631£15486 189972+67400 0.0411%
Total number of eggs retrieved 378 372 NS
Fertilization (no.) % (313)82.80+17.65 (292) 78.49+19.49 0.0320%*
Cleavage (no.) % (298.57+17.82 (259) 69.62+19.77 0.0010%**
Blastocyst formation (no.) % (169)44.71+15.13 (70) 18.82+2.75 <0.0001***
Top/grade 1 embryos (%) 61.19+23.08 25.19+10.29 <0.0001 ***
Average/Grade 2 embryos (%) 26.19=18.67 40.00£19.54 0.0060%*
Poor/Grade 3 embryos (%) 12.69=9.14 34.81+£23.76 0.000Q7%**
Total no. of embryos transferted (D3+D5/6) 125 (68+57) 126 (108+18) NS
Mean no. of embryos transferred 2.08 2.1 NS
Clinical pregnancygfate (ne.) % (23/60) 38.33 (12/60) 20.00 0.0272%*
Twin pregnanéies (no.) % (4/23) 17.3 (1/12) 8.33 0.4819 NS
Implantation rate (no?) % (27/125) 21.6 (13/126) 10.32 0.0152%

All values are represented as mean+SD statistical significance was obtained by student’s t test. P<0.05*=Significant;<0.01**=Highly significant;<0.0001***=Extremely significant;
NS=Non-significant; n=Number of patients; E2=Total estradiol levels. D3 represents cleavage stage embryos which were graded by Veeck’s criteria on the basis of blastomere size/shape/
eveness and % fragmentation. D5/6 represents blastocyst stage embryos that were graded as per Gardner grading system. Embryos meeting the maximum positive criteria of morphological
evaluation were considered top/grade 1 followed by average/grade 2 and poor/grade 3. Implantation rate=Total no. of gestational sacsx100/total no. of embryos transferred. IGF-1=Follicular
fluid insulin like growth factor-1; FF=Follicular fluid

Follicular fluid insulin like growth factor-1 (FF IGF-1) is a biochemical marker of embryo quality and implantation rates in in vitro fertilization cycles
Bindu N Mehta, Natachandra M Chimote,? Meena N Chimote,2 Nishad N Chimote,3 and Nirmalendu M Nath?*
J Hum Reprod Sci. 2013 Apr-Jun; 6(2): 140-146.



Follikulus folyadék IGF-1 szint vs. embrio
mindseg, terhesseg

FF IGF-1 (ng/mg protein) Embryequality" Clinical pregnancy
Pearson 7 (95% CI) 0.3894 (0.23-0.53) 0.5972 (0.48-0.70)
P value <0.00017%%* <0.0001***

R’ 0.1516 0.36

Pearson r correlation” coefficient was obtained. P<0.0001***extremely significant;
FF IGF-1=Follicularfiuid insulin like growth factor-1; Cl=Confidence interval

Follicular fluid insulin like growth factor-1 (FF IGF-1) is a biochemical marker of embryo quality and implantation rates in in vitro fertilization cycles
Bindu N Mehta, Natachandra M Chimote,? Meena N Chimote,2 Nishad N Chimote,3 and Nirmalendu M Nath?*
J Hum Reprod Sci. 2013 Apr-Jun; 6(2): 140-146.



Effect of supplementation of SCF and/or IGF-1
in preantral follicle culture in witro

Variable None _amSCF €0\ IGFC SCF+IGF-1
No. of mice 3 3 3 3
No. of preantral follicles isolated 60 60 60 60
No. of follicles survived at day 9-11 (% per isolated) 46 (76.7) 43 (71.7) 48 (80.0) 49 (81.7)
No. of follicles with antrum formation 35 35 45 46
% per survived 76.1° 814 938 93.9°
% per isolated 583 583 75 76.7
No. of oocyte (% per antral follicle) 35 35 45 46
Degenerated 10 8 11 7
GV 8 10 7 1
GVBD 10 15 16 14
Ml 7 P 1 14
% per total oocyte 20 57° 244 304°
% per isolated follicle 11.7 33 183 233
MIl derived from GW. 0 1 0 0
MiIl derived from GVBD 3 3 2 4
Final no. of MIl cocyte 10 6 13 18
% per total cocyte 28.6 17.1 289 39.1
% per isolated follicle 16.7 10 21.7 30

Effects of hCG, stem cell factor (SCF), and/or insulin-like growth factor (IGF) supplementation in growth medium were investigated.



A szérum IGF-1 koncentracio valtozasa az
eletkor elGrehaladtav

Serum IGF-l concentrations th
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Pediatric Implications of Normal Insulin-GH-IGF-Axis Physiology
Peter Bang, MD, PhD, MSci.



Improved controlled ovarian hyperstimulation in poor responder in vitro fertilization patients with a
microdose follicle-stimulating hormone flare, growth hormone protocol

M.D. William Schoolcraft..A. Terry Schlenker. Author links open the author workspace.B.S. Marsha Gee.
B.S. John Stevens..M.S. Lyla Wagley.

The Center for Reproductive Medicine, Englewood, Colorado, USA
Objective:
To assess the efficacy of a novel protocol-microdose GnRH agonist (GnRH-a), FSH, and GH, for the sti ion ients re canceled previously on a

standard luteal GnRH-a, FSH, GH protocol.

Design:

Prospective evaluation using the patient's previous IVF stimulation attempt as historic ¢ Is.

Participant(s):

Thirty-two patients who had prior ovulation induction cycles canceled using phase Gn ression followed by exogenous gonadotropins and GH.
Intervention(s):

Precycle treatment with oral contraceptives followed by
supplemented with GH beginning on cycle day 5.

of 40 ug leuprolide acetate every 12 hours beginning on cycle day 3 and FSH

Main Outcome Measure(s):
Paired analysis of E, day 5, number of
pregnancy rate (PR) were determi

uired, and cancellation rate. The number of oocytes, embryos, embryo quality, implantation rate, and
e microdose GnRH-a, FSH, GH protocol.

Result(s):
Controlled ovarian hyperstim during microdose GnRH-a, FSH, GH stimulation when compared with the prior luteal GnRH-a cycle. Specifically, there
was a higher E, response, mo ytes, fewer cycle cancellations, and no premature LH surge or luteinization. The microdose GnRH-a, FSH, GH protocol produced an

average of 10 oocytes and a 50

Conclusion(s):
The microdose GnRH-a, FSH, GH protocol is superior to standard protocols for the treatment of patients with decreased ovarian reserve undergoing controlled ovarian
hyperstimulation for IVF.


http://www.sciencedirect.com/science/article/pii/S0015028297818626
http://www.sciencedirect.com/science/article/pii/S0015028297818626
http://www.sciencedirect.com/science/article/pii/S0015028297818626
http://www.sciencedirect.com/science/article/pii/S0015028297818626
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PCOS vs. kontrol
hormona

egyenek anyagcsere es
IS parameterei

PCOS (n =50) Control (n =/50) P-value
Age (years) 235 . 22%4 0.185
Body mass index (kg/m?) 20.4%1.6 | 20518 j 0.785
Percentage of fat (%) 30.6+4.4 31.1£ 8.9 0.576
Fat mass (kq) 16.4 +3.1 16.9£8.2 0.759
Sex hormone-binding globulin (nmol/l) 59.9+20.2 | y 101.8£42.8 <0.001
Total testosterone (ng/dl) _84.7=%17.2 L .« 432+138 0.094
Free testosterone (ng/dl) _ 1.07£0.32 ] 0.37£0.16 <0.001
Free androgen index , 55£2.1 ] 1.7£0.8 <0.001
Fasting glucose (mg/dL) 84+7 84+6 0.951
Post-load 2-h glucose (mg/dL) 94 +£12 9118 0.311
Fasting insulin (mIU/L) y _ 5.70(1.81-8.03) 3.41 (0.14-6.75) 0.066
‘Post-load 2-hinsulin(miulL) o | . 28.65(17.71-47.25) 19.82 (11.06-30.46) 0.007
HOMA-IR ) 1.17 (0.38-1.58) 0.74 (0.03-1.36) 0.091
HOMA-M,,, 6.95 (3.60—10.73) 4.44 (2.31-7.29) 0.005
ISI-Stumvoll (umol/kg. min):(pmol/L)! 0.106 (0.095-0.114) 0.113 (0.103-0.123) 0.010
HOMA-F(mlU/mmol) 95.34 (21.09-148.99) 68.70 (2.07-121.70) 0.097
Ovarian volume (cm®) 9.4+3.6 46+1.4 <0.001
Ovarian follicle no. 9727 6.1x1.7 0.001

Plus-minus values are mean + SD.
Values before parentheses are medians, and values in parentheses are interquartile ranges. PCOS, polycystic ovary syndrome; HOMA-IR, homeostasis
model assessment of insulin resistance; ISI, insulin sensitivity index; HOMA-F, homeostasis model assessment B-cell function.

https://doi.org/10.1371/journal.pone.0178120.1002



Glucose transport in adipocytes isolated from
control (cont) and PCOS subjects

A 2

+

Glucose transport
(pmol/105 cells/10 sec)

cort. NGT IGT

PCOS Glucose transport in adipocytes isolated
from control (cont) and PCOS subjects.
A, Absolute rates of 3-OMG transportin
the absence (open bars) and presence
(solid bars) of a maximally stimulating
(8.5 nM) concentration of insulin. B,
Insulin sensitivity. Results are presented
as percentage of the maximal insulin
effect attained in each individual’s cells
at a submaximal (0.17 nM) insulin level.
Results are average + SEM; n = 8 for
control, n = 10 for NGT, and n = 16 for
IGT. *, P < 0.05 vs. paired basal; T, P <
0.05 vs. control.

Glucose Transport
(% of maximal response)

cont
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Maximally insulin-stimulated whole body glucose disposal in normal
cycling control (cont) and PCOS (NGT and IGT) subjects as.determined
from the hyperinsulinemic/euglycemic clamp procedure.

GDR
(mg/kg/min)

cont NGT IGT comb
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Proportion of follicles in which >50% of GCs were positive for IGFR-1 protein by
immunohistochemistry. Expression of IGF was greater in follicles from women
with anovPCO than in either ovPCO or controls at bothprimordial and
transitional stages. ** p<.01; *** p<_.001

60+ -
34 L1 normal
. Bl ovPCO
= 404 Bl anovPCO
S
F 144
o
6 2

follicle stage

Role of Insulin-like Growth Factors in Initiation of Follicle Growth in Normal and Polycystic Human Ovaries Sharron A. Stubbs, Lisa J. Webber, Jaroslav Stark, Suman Rice, Raul Margara, Stuart Lavery, Geoffrey H. Trew,
Kate Hardy, and Stephen Franks ; J Clin Endocrinol Metab, August 2013, 98(8):3298 —3305



Insulin and IGF-| induce ovarian surface
epithelium hyperplasia and proliferation

Insulin



Culture of ovaries with insulin or IGF-|
disorders collagen-IV organi

Basal Insulin




High levels of insulin and IGF-I decrease
secondary follicle AMH expression

+AG1024

+U0126

+LY294002

Insulin

Ovaries from CD1 mice were cultured in alginate
hydrogels in the presence or absence of 5 pug/ml
insulin or IGF-1, as well as small molecule inhibitors
of IR/IGF1R, PI 3-kinase signaling, or MAPK signaling.
Tissues were analyzed by immunohistochemistry for
expression of cytokeratin 8 to mark the ovarian
surface epithelium, Mllerian inhibiting substance
(AMH) to mark secondary follicles, and BrdU
incorporation to assess proliferation. Changes in
gene expression in the ovarian surface epithelium in
response to insulin or IGF-1 were analyzed by
transcription array. Extracellular matrix organization
was evaluated by expression and localization of
collagen IV.



Elevated Insulin Exposure of Follicles During Oocyte Growth
Increases Oocyte GSK3 Phosphorylation and Meiotic Chromatin

Remodeling Errors

Table 2
Chromatin analysis of cocytes matured in vitro (7 h) following follicle cultirre imthe presence or absence of insulin.,

da

Treatment N MI development (%) Normal condensation of Ml oocytes (%)
FSH only (10 ng/ml) 134 449 96

. M . " " - ) i |:|
FSH (10 ng/ml) + insulin (5 pg/ml) 116 47 13

d .
N = number of oocytés assessed ineach treatment group.

" Value is significantlydifferent frém FSH only (P < 0.01).



Elevated Insulin Exposure of Follicles During Oocyte
Growth Increases Oocyte GSK3 Phosphorylation

and Meiotic Chromatin Remodeling Errors
MI Oocyte Karyotypes

FSH Only

FSH + Insulin

Insulin binding to its receptor initiates a signal
transduction cascade through phosphorylation of
insulin receptor substrates, IRS1 and/or IRS2, and
subsequent activation of phosphatidylinositol
pathways [21]. Specifically, activated
phosphoinositide-3 kinase signals through second
messenger molecules to phosphorylate 3-
phosphoinositide-dependent protein kinase-1
(PDPK1), which, in turn, phosphorylates its
substrate thymoma viral proto-oncogene 1
(AKT1) [22, 23]. Activated AKT1 is the primary
regulator of the terminal enzyme in insulin
signaling, glycogen synthase kinase 3A/B
(GSK3A/B), and AKT1-mediated phosphorylation
of GSK3A at serine 21 or GSK3B at serine 9 results
in GSK3 inactivation



High Insulin-Like Growth Factor 1 (IGF-1) and Insulin
Concentrations Trigger Apoptosis in the Mouse Blastocyst via
Down-Regulation of the IGF-1 Receptor

T

0.3

0.2 -
Change in
DGconcentration
pmoles/embryo/
15 minutes
0.1 -

Control IGF-1  Insulin Testosterone

Fic. 5. High concentrations of IGF-1 decrease imsulin-stimulated
glucose transport wnte the blastocvst. 2-Deoxyglucose uptake in blas-
tocysts exposed to the control conditions of 1.3 nM IGF-1, 130 nM
IGF-1, 700 nM insulim and 400 nM testosterone. High concentrations
of IGF-1 or insulin result in a significant decrease in msulin-stimu-
lated glucose uptake as measured by 2-deoxyglucose uptake. Sigmf-
wcance between control and IGF-1, *P < 0.001, between control and
msulin, ¥*F < (0.01.

B 100

T

%TUNEL
positive
nuclei/” 50
embryo

25

-
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Control  Testostercne Low High Low High
IGF-1 Insulin

Fic. 1. High concentrations of IGF-1 or insulin increase TUNEL-
staining nuclei. A, Embryos cultured in control HTF, HTF with 1.3 nm
IGF-1 or 130 nM IGF-1, HTF with 6 nM insulin or 700 nM insulin, or
400 nM testosterone, were examined for TUNEL-positive staining.
The red channel represents propidium iodide staining; the green chan-
nel represents FITC-labeled 3' fragmented DNA. The figure shows
one of a Z-series representative of the results. Note the predominance
of the TUNEL-positive nuclei in what appears to be the ICM. B,
Percent TUNEL-positive nuclei demonstrating DNA fragmentation
per total embryonic nuclei. Embryos cultured in the higher concen-
trations of IGF-1 or insulin demonstrated in a significantly higher
percentage of apoptotic nuclei (*, P < 0.001).



The endometrium in polycystic ovary syndrome
Lathi, Ruth B. MD"; Swiersz, Lillian MD"; Basina, Marina MD™; Giudice, Linda C. MD, PhD"

Current Opinion in Endocrinology & Diabetes: December 2002 - Volume 9 - Issue 6 - p 480-485

* Polycystic ovary syndrome (PCOS) is a common endocrinopathy and cause of anovulation, with
abnormally elevated circulating androgens and insulin levels being common components of PCOS.
The potential effects of the metabolic and endocrinologic changes seen in PCOS on the human
endometrium are likely to be complex and comprise an important area of research.

* Androgen receptors and steroid receptor co-activators are overexpressed in the endometrium of
women with PCOS. In addition, molecular markers of endometrial receptivity including av33
integrin and glycodelin are decreased in endometrial biopsy specimens from patients with PCOS.
Clinically, reproductive performance of women with PCOS'is improved by insulin-lowering agents
such as metformin, primarily by restoring.ovulation; however, the effects of insulin-lowering
agents on endometrium are unknown. In vitro studies on the effects of insulin on endometrial

stromal cells demonstrate that insulin inhibits the normal process of decidualization.
Insulin-like growth_factors (IGFSR and their binding proteins (IGFBPs) are
important in thegnaternal=fetal'interface and in the circulation. Hyperinsulinemia
results in deereased circulating IGFBP-1 and increased free IGF-1. Thus, a
combination of elevatéd unopposed estrogen, hyperinsulinemia, elevated free
IGF-1, elevatéd androgens, and obesity likely contribute to the endometrial
dysfunc’lgicc)g,sinfertility, increased miscarriage rate and endometrial hyperplasia
seenin .



Biomarkers of PCOS
endometrium

60“‘

Is the Endometrium in Women with PCOS Compromised?

Terhi T. Piltonen ; Cambridge University Press
DOI: https://doi.org/10.1017/9781108236263.022

Marker PE SE
Glucose metabolism

IGFBP-1 v
GLUT 4 v

IRS-1 v
Glucose action v
Inflammation
TNFR1/TNFR2
NfKb

IL-6

MMP!
MMP3 FaN

Steroid hormone action

HOXA10 v
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PR A
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SE (in vitro) ¥ (Piltonen 2015)
PEW, HPW¥ (Li 2015); PEW (Fornes 2010); Zhai PEVY (Zhai

Piltonen 2013%); SE (in vitro)A (Piltonen 2015)
Piltonen 2013%)

PEA (Piltonen 2013%); SE (in vitro)A (Piltonen 2015)
SE (in vitro)a (Piltonen 2015)

SE'¥ (Matteo 2010%)

A(Orostica 2016)

SE (in vitro)A (Piltonen 2015)
SE (in vitro)A (Piltonen 2015)

SE ¥ (Taylor JCEM), downregulated in EC (ref)

PE(-) (Piltonen 2013*); SE A (Quezada 2006 FS*); PEA, HPA (Li
2015); HPA(Villavicencio 2006)

SE Aa(Margarit 2010%)
PE() (Piltonen 2013%); PE(-) (Kim 2010%); SEA(Gregory 2002)

PE?A and HPA(Villavicencio 2006); SEA(Quezada 2006 FS*);
SEa(Margarit 2010%)

SE (-) (Quezada 2006 FS*); PE?A and HPA(Villavicencio 2006)

PEW (Kim 2010%); SE ¥ (Quezada 2006 FS*); ¥ progestin
treatment (Lopez 2014)

SEaovulatory PCOS, ¥ anovulatory PCOS (Margarit 2010%)

PE?A(Villavicencio 2006); SEA(Gregory 2002)
SEA(Gregory 2002)
PE?(-)(Villavicencio 2006)



anyagcsere és inzulin rezisztencia esetén
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Acetilkolin dependens arteria relaxacio a
HOMA index fuggvéenyében
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The presence of IR (HOMA-IR>2.9) was associated with impaired FMD (A), reduced vasorelaxations of human vessels in
response to acetylcholine (B) and elevated vascular O2- generation (C).



Az éhgyomri inzulin és a fertilitas kapcsolata
PCO syndromaban
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Source: Clin Endocrinol © 2019 Blackwell Publishing

Effect of Hyperinsulinaemia and Insulin Resistance on Endocrine, Metabolic and Fertility Outcomes in Women With Polycystic Ovary Syndrome Undergoing Ovulation Induction
Duojia Zhang; Xinming Yang; Jian Li; Jiarui Yu; Xiaoke Wu
Clin Endocrinol. 2019;91(3):440-448.



A prenatalis androgén expozicio hatasa az
utod inzulin erzékenységére
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