





Aquaporin's in insulin
resistance and diabetes:
More than channels!

Nepton Soltani



DIABETES

DIABETES MELLITUS

/—%

Type 2
inability of insulin-sensitive ;tissues(
receptor) to respond to insulin.

4

Type 1
autoimmune destruction of insulin-

producing beta cells in the pancreas.

$

Insulin Resistance l Insulin




Insulin resistance

Il Pancreas
: Reduced/altered insulin secretion

= Fndocrine hormones
> Insulin (B-cells)
> Glucagon (a=cells)

—— \(Pro-inflammatory adipokines T)

(Hepatokines T)
(Anti-inflammatory adipokines |)

M Liver Il Muscle Il Adipose tissue
: Inappropriate glucose production : Impaired insulin-mediated : Release of increased FFA
glucose disposal & Excessive accumulation of adipose tissue
o
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Aquaporin's Structure




Aquaporin's Structure




Different kinds of aquaporin's




uaporin's channel distribution
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Aquaporin's channel distribution
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Aquaporin's channel action

2 Water transport
Salivary secretion

\

( Water transport

= Gastric acid secretion

\

2 Water transport

\

* Adipose absorption
 Pancreatic secretion

Migration

Cell proliferation

=

AQPS
- Water transport ) (f Water transport B
* Glycerol transport « Salivary secretion ¢
« Cell proliferation « Pancreatic secretion °
* Autophagy « Cell proliferation .
* Apoptosis * Invasion .
\_ ) \s Metastasis i

AQP9

( Water transport

Glycerol transport
Glycerol metabolism
Cell proliferation
Invasion

\s Apoptosis

™~

,

12



Aquaporin's channel action

Aquaporins Metabolic Function Fertility Function
Adipocyte glycerol efflux
AQP3 Upregulated by insulin Sperm osmoadaptation
Upregulated by leptin
Adipocyte glycerol efflux
Upregulated by insulin Sperm motility
Downregulated by leptin Spermiogenesis
Increases insulin sensitivity
Adipocyte glycerol influx Spermatogenesis
AQP) Hepatocyte glycerol influx Regulation of epididymal osmolarity
Upregulated by insulin Lactate secretion for germ cells
Downregulated by leptin Upregulated by sex hormones
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Aquaporin's channel action
ADIPOCYTE

Glucose

(8 Glycerol-3-P FFA
| J

TRIGLYCERIDES

bloodstream
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Aquaporin's channel action

A Control AQP3 AQP? AQP9
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AQP7 translocates to the plasma membrane following
adrenaline stimulation, which induces lipolysis. Adrenaline
does not affect AQP7gene expression. Adrenaline elevates
re{ intracellular cAMP levels through adrenergic receptor and
then activates protein kinase A (PKA).
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Aquaporin's channel action
- B

Moreover, AQP7 mRNA levels are elevated by the decrease of
insulin signaling cascade. Thus, long-term regulation of AQP7 is
under the control of insulin while short-term regulation is under
catecholamines.

Lipogenesis Lipolysis

i Insulin(}) \

Glucose Catecholamine(d '"?""@

AQP7 is highly expressed in white adipose tissue (WAT), brown
adipose tissue (BAT), and testis. Furthermore, a weak expression
of AQP7 is also observed in the heart, skeletal muscles, and

kidneys.

\ )

/Peroxisome proliferator activated receptor y (PPARYy) is a master \
regulator of adipocytes differentiation and regulates several
adipose-specific genes at the transcriptional level. PPARy forms a
heterodimer with retinoic acid X receptor a (RXRa), and binds to
peroxisome proliferator response element (PPRE) site. The PPRE

Qite is identified in the promoter region of AQP7 gene /
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PPARy actions

Diet, Lipoxygenases,
. ynl i

oFurthermore, administration of thiazolidinediones
(TZDs), which are insulin-sensitizing agents and
exogenous PPARYy ligands, increase AQP7 mRNA levels
in adipocytes and in adipose tissues of mice. The
precise mechanism of TZD in ameliorating insulin
resistance is not fully understood.

oTo clarify whether the TZD-induced adipose AQP7 is

i related to the amelioration of insulin resistance,

l requires further studies in the future.
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PPARYy

PPARy actions

| Angiotensin-Il signalling

| TGF-f signalling

T Glucose transporter-4

| Apoptosis, T survival
(ERK1/2 and others)

actlvatl '

| Inflammation

| Vascular smooth muscle

cell proliferation

Sustained apoptosis |‘\‘

| Insulin resistance

Aortic
aneurysm

Ischemial/reperfusion
injury

Allograft
rejection

Restenosis after
stent implantation
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PPARy actions

ATHEROSCLEROSIS

Blood vessel
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Adipose Tissue

Insulin
resistance
factors
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sensitivity

factors

Free
Fatty acids

\

Fat deposition in
non-adipose tissue

Intramyocellular
lipid

S | Muscle

Hepatic
steatosis

Liver
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PPARy actions

QD
Co-activator T ege

Ligands
TLR4-MAPK L , NF-kB .
C/EBPat, FOXC1l «
T cells,NKs T

PPARyY-LXRa-ABCAT

Immunomodulatory

l PPAR-y activation upon ligands

Tumoricidal Adipacyies

Adipokines o o
LA™

Insulin sensitivity

Inflammation

Tumorigenesis
Metabolism

Differeﬁti‘

Tumor cells
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Effect of insulin on aquaporin 7

6 he insulin negative response element (IRE) is identified in the \
promoter region of AQP7 gene.

oThis result indicates that AQP7 mRNA expression is closely
regulated by insulin at the transcriptional level. Furthermore,
glucose-6-phosphatase (66Pase) and phosphoenolpyruvate
carboxykinase (PEPCK), which are key enzymes of gluconeogenesis,
also contain IRE in their promoter regions.

OInsulin also suppresses the mRNA levels of G6Pase and PEPCK.
Taken together, plasma glycerol levels are partly determined by
insulin through adipose AQP7, and suggests that adipose AQP7

Knay be associated with glucose metabolism. /




Metformin

ﬁMefformin is a widely used antidiabetic \
drug for treating type 2 diabetes mellitus
(T2DM) that enhances insulin requlation of
glucose, promotes weight loss, and

reduces appetite. It reduces insulin
resistance and decreases blood glucose
concentration by inhibiting gluconeogenesis

and suppressing hepatic glucose

Qroduction. /
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Liver
4 Gluconeognesis
Inhibits gene transcription
4 Enzyme activity
4 Gluconeogensis substrates

Inhibits mitochondrial respiratory chain

Inhibits hepatic lipogenesis
T Fatty acid oxidation

Adipose tissue

T Glucose uptake

T Fatty acid oxidation
i Adipogenesis

T Brown adipose tissue thermogenesis
by activation of brown adipose tissue

w

Metformin actions

PN

@O

- . Immune system
<) Inhibits NFkB pathway

— {Inflammatory cytokines
4 Neutrophil to lymphocyte ratio
Inhibits monocyte differentiation
to macrophage

Metformin Gastrointestinal tract

4 Glucose absorption

T Glucose transport from the blood to
the gut lumen

T Glucose utilization by Intestinal cells
| T GLP-1 secretion

~ Modulates gut microbiota composition

Skeletal musclo‘ :

T Glucose uptake
T Fatty acid oxidation
4 Muscle inflammation
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[ Iprove Insulin Sensitivity ]

Loy

1 Mitochondrial respiration 4 Insulin secretion (lipotoxicity)
4 ATP synthesis ¥ Cell apoptosis (lipotoxicity)

M ER stress 4 Pancreatic progenitors

4 Contractile function 4 GLP-1R

4 Left ventricular function

4 Cardiac efficiency ‘ Heart failure

J Cardiomyocyte apoptosis
Cardiacfibrosis
Cardiacsympathetictone
¥ Plasma insulin concentration 55






Effect of Metformin on JNK pathway
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Aquaporin's channel gene
Metformin
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Aquaporin's channel gene expression
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Aquaporin's channel and insulin secretion
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amplification/diminishment of
NADPH HODE downstream redox signaling cascades
(role in cell migration, immune
responses, wound healing,
proliferation)
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Aquaporin's channel action

Adipocyte
AQP3 _
Glycerol < Glycerol
Insulin
AQP7
FFA

T T GLUCOSE
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Aquaporin's channel action

A. Fasted state

GIuconeogenesis@

e AQP7 mRNA levels are reduced by
feeding and increased by fasting in
parallel with plasma glycerol levels.

Portal vein

[ Adipocyte | e These nutrition-related changes in
B. Fed state Glusose (D) AQP7 and plasma glycerol are the
A opposites of plasma insulin levels.

Gluconeogenesis @

e In fact, in adipocytes, insulin
suppresses AQP7 mRNA levels in a
dose- and time-dependent manners.

Portal vein

35



Aquaporin's channel action

A. Younger mice

Adipocyte

Portal vein

B. Older mice

TG ®

Adipocyte
hypertrophy

Adult-onset obesity
Whole body insulin resistance
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Aquaporin's channel action

¢° Low plasma insulin o° °° High plasma insulin
concentrations o0 concentrations

Glucose : Glucose m
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Aquaporin's channel action

Glucose Glycerol Pancreatic 3 cell

Glucose Glycerol

Glyc!:olysis 19
NAD_ .Glycerol-3-P AD",
NADH DHAP ' ‘ =

Pyruvate

Insulin granules

Ca?* channel , K, ;pchannel

TTINSULIN SECRETION Cat
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Endocrine pancreas

Pa’fgleeve gastrectomy was associated with an
upregulation of AQP7 together with a
normalization of the increased AQP12 levels
in the rat pancreas. Interestingly, ghrelin
| and GLP-1 repressed AQP7 and AQP12
U‘W expression in RIN-m5F p-cells. AQP7

& | protein was negatively correlated with
infracellular lipid accumulation in acylated
ghrelin-treated cells and with insulin

&elease in GLP-1-stimulated p-cells.
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Effect of leptin on Aquaporin's channel

Leptin Leptin
deficiency replacement
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Aquaporin's channel action

pancreas

@ oa-cell
© B-cell
‘ 5-cell
e-cell
@ PP-cell

- TNFa

flammation
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@ AQP7

@AQPlZ

—» induce expression
— repress expression

In pancreatic B-cells :

AQP7 :
proliferation
adhesion
migration

fproinflammatory cytokines

lanti-inflam matory cytokines
insulin/proinsulin secretion

AQP12:
tadhesion

j, proinflammatory cytokines

anti-inflammatory cytokines
insulin/proinsulin secretion
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Aquaporin's channel action

Glucose Glycerol Cardiomyocyte

Glucose
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Effect of insulin on aquaporin 9

* Insulin suppresses AQP9 mRNA levels in time- and
dose-dependent manners in H41lE hepatocytes.

* Promoter analysis demonstrates that insulin reduces
AQP9 mRNA via IRE locating at -496/-502 promoter
region.

* Administration of STZ results in increased AQP9
MRNA and protein levels in insulin-insufficient mice.
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Aquaporin's channel action

Fasted state (lipolysis) Fed state (lipogenesis)
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