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‘ 1. What is the current status of the area in terms of basic,
translational and clinical research with regards to all diabetic
complications?

2. What is the potential impact of these studies on the field of
complications research? Is there sufficient and meaningful
significance to the idea/approach to move the field of
complications research forward?

3. Are there technical or scientific barriers preventing progress in the
area”?

4. Are there clear objectives that can be outlined for this area which,
if achieved, will enhance our understanding and treatment of
complications? Are there existing human samples or resources
with DNA analysis, omics, histology and pathology that could be
utilized to help achieve these goals?

5. Can this area provide new progress in the quest to identify
circulating blood and urine biomarkers?

6. Can existing NIH resources be leveraged to address these
questions? Can partnering with existing NIH supported CTSAs,
PPGs, Centers or ongoing technology driven cores to better
phenotype progressive disease across models provide assistance
to this area of research? Would this be useful to advance the field
forward?

Can this area of research assist our understanding of all diabetic complications
(including other co-morbidities such as non alcoholic fatty liver disease, peritonitis,
gastrointestinal complications, peripheral vascular disease, etc)?



The development of C. elegans at 25 {degrees}C.

J Endocrinol. 2006 Aug;190(2):191-202



Fraction of C. elegans alive

Using C. elegans to study effects of hyperglycemia
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DAF-2 is the C. Elegans homologue to the mammalian insulin receptor
Although there is only one receptor, there are 38 insulin-like peptides

Model of the DAF-2 insulin/IGF-signaling pathways and their modulators
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Loss of Insulin-like Peptides DILPS1-5 Produces

a Diabetic-like Condition in Drosophilia

Impaired growth

B 14

1.2
1.0
0.8
0.6+
0.4+
0.24

Body weight (mg)

n=10

n=10

+
-1 n=10 b4
e S
(=] o
+ o™~ +
o © 5 <
~ @ 2 )
N 0o N
L QO H -

W' Dffdilp1-5] Dffdilp6]

Decreased larval fat cell size

O

1.2+
—_ n=15
o 1.04 n=15 S
£ F
z 48 < o
D g6 S 3
g 1=} =]
0.4+ H H
2 || g
o 024 Py 3
03] o o
0
w''  Dffdilp7]
d02657 HH n =117

Dffdilp1-5] H4 n = 130

Rescue

Hn=110

— T T T T
5000 10000 15000

Cell size (pixels)

Decreased metabolic rate

b

=
]

Heat production (pwatts/mg)

=
1

=
]

B
o
1

=
1

&

—

HH
(e
o

1

== == (35} ha [
= (] o [ =
L 1 1 [ L

Concentration of trehalose + vy
]
1

Zhang et al PNAS 2009

Increased circulating sugars

Adult males

T
XL

glucoss in hemolymph (pg/ul)

(=]

W' Dffdilp1-5] Dffdilp&]

Normalized triglyceride level

w"™  Dffdilp1-5]

Ezz I Decreased triglycerides
0.154
0.104 I
0.05
W Difdilp1-5]

Fat cell autophagy

C



Drosophila genes affecting lipometabolism and their human orthologues.

Drosophila gene (abbreviation)

Human orthologue

Drosophila gene (abbreviation)

Human orthologue

Lipid droplets
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The insect nephrocyte is a podocyte-like cell with a
filtration slit diaphragm
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Oscillating Periods of Hyperglycemia in Zebrafish
Induces Microvascular Changes and Retinopathy

conTroL | B B COSE Alvarez et al Disease Models and Mech 2010
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DR hallmarks Human diabetes zebrafish

Vascular Opening of retinal blood barrier junctions Confirmed* Confirmed
Increased VEGF expression Confirmed Confirmed
Dilated retinal vessels Confirmed Confirmed
Basement membrane thickening in retinal Confirmed* Confirmed
capillaries
Loss of retinal pericytes Confirmed* X
Retinal neovascularisation Confirmed X
Glial activation Confirmed* X

Neuronal Impaired photoreceptor physiology Confirmed Confirmed
Cone morphology degeneration i Confirmed

Apoptosis in GCL and INL ™ X



Mammalian kidney progresses through three stages...

...zebrafish kidney through two stages
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The zebrafish pronephric kidney
IS a simple structure

5 Somites
Zebrafish
1 2
Specification Epithelialization of the duct
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The redefined zebrafish larval kidney

Original Zebrafish
Embryonic Kidney
Model

PCT psT DE pL 5
cs ¢

Redefined Zebrafish GN
Embryonic Kidney

G
) MD CNT
Mammalian Nephron@,ﬁ_li’gl‘l —— ;MD

(stretched out) PST TAL DCT

G = glomerulus; N = neck; PCT = proximal convoluted
tubule; PST = proximal straight tubule; DE=distal early;
CS=corpuscle of stannius; DL=distal late;
PD=pronephric duct; C=cloaca



H. sapiens and M. musculus C. elegans D. melanogaster D. rerio

Endocrine pancreas production of There is no orthologous structure. Insulin-like proteins, and the Well-characterized endocrine
insulin and glucagon regulate Mutations in multiple components of  counter-requlatory adipokinetic pancreas present and functional by
sugar and lipid metabolism, insulin signaling affect qut granule hormone perform similar functions the late larval stage [114],
lipid mass, life span, and to human proteins, but are
reproduction. produced in physically separate
parts of the brain. Glucose s not
the principle carbohydrate
in hemolymph.
INSR, Inst. Multiple syndromes in humans marked by severe E;AF-!. InsulinVIGF recentor. Mutation leads InR. Mutations have variable effect on cell Insta and ingtb genes present. Role In
insuln regtanca, and growth retardation. lgr ™~ i are 1o dauer arregt size and longeviy. Insulin receptor subdtrate-]  metabolic regulation not known,
siiall, severaly insulin reststant, and die within 72 hours and longesity (3] ortholog chico 15 small and longelived [97].

of diabetic ketoacidosis (9],



Table 2. Some Paralliels and Differences amaong Model Onganisms and Human Metabolism, as Compared by Orngan System
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#2 - Potential Impact
CLINICAL RELEVANCE

Benefits of model organisms are: genetically tractable, and
quick, given relatively short life spans.

How do you define relevance?

Move In both directions. Targets in humans understand
mechanisms in lower organisms

Model Organisms will allow for analysis of specific pathways.
These must be selected judiciously to identify or to address
specific mechanisms that might be challenging to study in
more complex organisms

There has to be plan to move the field forward from discovery
to translation



Model Organisms

Could potentially be a platform for high throughput
screening for complications or potential therapeutic
targets

Ultimately these would need to validated.

Non Human primates take as long as people
therefore after initial toxicology, the case is made to
take these straight to humans

Should large mammal work be centralized into
shared resources, such as pigs, which might be good
models for vascular complications



Making Models More Relevant

* Humanizing key pathways in relevant
models.



#3- Barriers?
All Models have Caveats

Mice are not necessarily great models of humans
either

Should we be considering larger mammals again,
pigs, non-human primates etc.

This depends on the complications and the relevance
of the model to a given complication e.g. vascular
complications.

Large animals not appropriate for early stage
development, but could be relevant for example could
be a source of stem cells for example.



# 4 - Resources
NPOD-C

* Using existing human study cohorts to
procure tissue and other samples, e.g.
EDIC cohort.

» Use preclinical tissue data to compare
with these data sets



Biomarkers

 Validating pathways found in model
organisms to determine If relevant

plomar
e Develo

Kers might exist.

ning diagnostics such as

pathway specific markers such as

antibodies, liposomes etc.



How two move things forward

* Foster interactions between
pathophysiological experts with model
organism individuals might be the most
productive approach.

* Foster workshops to encourage interaction
and cross fertilization



