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Pharmacology Meets Pathophysiology

Overview
• The overlap/relationship of fatty liver (NAFLD/NASH) and Diabetes
Common pathology- Insulin Resistance
• The concept of insulin resistance in human disease (Reaven 1980’s)
• The first generation Insulin Sensitizers- emergence of pioglitazone (1985)
Pleotropic pharmacology, Unknown mechanism of action, PPARg hypothesis

• Medicinal Chemistry approaches- mitochondrial vs nuclear receptor targets

• The surprising discovery of the mitochondrial target as the pyruvate carrier
(MPC) and a next-generation of oral insulin sensitizer
• Clinical development of MSDC-0602K as a next-generation insulin sensitizer

Diseases of Metabolic Dysfunction
NAFLD

NASH
• Impaired wound repair
• progressive oxidative damage

NAFLD
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25%
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Type 2
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• b-cell function
• Counter-regulatory functions
Postprandial insulin secretion is compromised
In T2D, but fasting insulin is elevated

Complex genetics and epigenetics play a role
But the common pathology is Insulin Resistance

Insulin Resistance in Human Disease
“…Based on these considerations the possibility
is raised that resistance to insulin-stimulated
glucose uptake and hyperinsulinemia are
involved in the etiology and clinical course of
three related diseases-NIDDM, hypertension,
and CAD.” Gerald M. Reaven, 1988 Banting
Lecture, Diabetes 37:1595-607, 1988

“Of course, I don’t believe in the insulin resistance

syndrome, except for the fact that the effects of
pioglitazone prove that it is so”- private conversation
with Stephen R. Bloom circa 1988

A Pleiotropic Effect of “Insulin Sensitizers”
1992

2016

• The mechanism of action of these compounds was not clear
• They were discovered empirically with no concept of mechanism
• More than “insulin sensitizers” they are metabolic modulators

The history of the TZDs
Empirical discovery
• Lowered glucose and lipids
• But also lowered insulin
• “insulin sensitizers” Preserved the pancreas
• Mechanism of Action unknown
Unlike rosiglitazone,
pioglitazone has shown
significant CV benefit
• PROActive
• IRIS

• 2012- Identification of mitochondrial target of TZDs as the
mitochondrial pyruvate carrier
• MSDC- PPAR-sparing, MPC-modulating TZDs in development

Approaches to improvement on pioglitazone
Selectively eliminate binding to PPARg while maintaining
pharmacology (keep the TZD ring make improvements)

Removal of TZD and start over
This led to combined agonists of various PPAR transcription
factors (g, a, and then by further design, d)
Glitizars, e.g. TAK-559, Muraglitigar,Farglitizar,Aliglitazar, etc

TZD ring
Selected combinations (e.g., Genfit, Inventiva, Cymabay)

Removes PPAR binding,
but keeps the MPC
Non PPARs
•
•
•

Elafibranor a,d agonist

Lanifibranor a,d,g agonist

Seladelpar d agonist

The PPARs

Colca, J.R. and Kletzien, R.F. (2006). What has prevented the expansion of the insulin sensitizers? Exp. Opin. Invest. Drugs 15:205-210
Colca J.R., Tanis S.P., McDonald W.G., and Kletzien R.F. (2013) Insulin sensitizers in 2013: new insights for the development of novel therapeutic agents to treat metabolic diseases. Exp. Opin. Invest. Drugs 23: 1-7.
Tanis SP (2018) PPARγ-sparing thiazolidinediones as insulin sensitizers. Design, synthesis and selection of compounds for clinical development. Bioorg Med Chem. 2018 26(22):5870-5884.

Brief Summary of Road to the MPC
Competition of crosslinking of TZD probe
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Differentiation of Brown Adipose Tissue

I
• Selective crosslinking to
protein in mitochondrial
membranes
• Not competed by
inactive analogs

Located in the inner mitochondrial membrane

Purified and identified at the BRP44- mpc2

Brief Summary of Road to the MPC
Two independent groups identify BRP44
as a component of the long-sought after
mitochondrial pyruvate carrier

All active TZDs, including pioglitazone and
rosiglitazone show the entry of pyruvate

Liver-specific KO of MPC components
protects against fatty liver

Mechanism of Action
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MOA- Undoing the over nutrition signal
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• Excess nutrients drive a
program of increased storage
and insulin resistance (MPC is
the gate-keeper)
• Pyruvate carboxylase (PC) and
pyruvate dehydrogenase
complexes (PDH) act on
mitochondrial pyruvate
maintaining carbon flow in the
TCA (citric acid cycle)
• Downstream pathways
includes nutrient sensors and
transcriptional networks
• Slowing pyruvate entry
rebalances metabolic signals,
reversing these signals

Development Pathway
Followed our experience with pioglitazone
• Cellular assays with BAT differentiation and mitochondrial effects
• Mouse models with direct comparison to pioglitazone
Over 100 analogs examined for similarity to pioglitazone, except for selection against
PPARg binding
MSDC-0602
MSDC-0602K

• Preclinical development followed pioglitazone pathway
• Phase 1b and 2a clinical trials direct comparison to 45 mg pioglitazone to
established exposures needed for similar activity on glucose metabolism/insulin

Phase 2b conducted for 1 year at 3 exposures based on Phase 2a study in T2D

Phase 2b dose-ranging study

• 3 doses were chosen to
backed the exposures that
are achieved in clinical trials
with 45 mg pioglitazone.
• Given once daily for 1 year
• Approximately half of the
subjects in each group also
had T2D

• As predicted from preclinical and Phase 2a studies, full insulin sensitizing pharmacology was obtained at
the middle dose.
• No dose limiting issues and no edema was seen at highest dose, which produced twice the exposures of
drug and active metabolite

Glycemic Parameters LS Change from Baseline
(12 month endpoint)
HbA1c

HOMA-IR

***
Baseline

7.75

9.69

***

***

7.62

7.28

Baseline

6.28

6.49

***

6.33

6.43

Fasting Glucose

Fasting Insulin

***

***

In the 4-7 mM range,
consistent with the with
the MPC hypothesis

***
**

Baseline

25.67

29.05

28.94

22.34

Normal fasting insulins are <10 mU/ml

Baseline

6.56

6.90

6.67

Full pharmacology is
achieved at the 125 and
250 mg doses

7.11

Insulin Resistance and decreased hepatic clearance
contribute to hyperinsulinemia
Overnutrition stimulus
pancreas

Insulin

Portal
vein

Hyperinsulinemia
•
•

Secreted
Reduced clearance
[Insulin and other related variantsinflammation, lipoproteins, etc]

Insulin resistance
Macrovascular disease
•
•
•

Increase in peripheral insulin is progressive with liver damage
Pancreas compensates by increasing insulin secretion
Failure to completely compensate, loss of beta cell function,
results in rising glucose and eventually T2D
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Diseases of Metabolic Dysfunction
US T2D Prevalence is 24.7 million (9.9%)
- 73% of T2D patients have fatty liver*

NAFLD

NAFLD
NASH

Type 2
Diabetes11.7NAFL
million

Not NAFLD
6.6 million

NASH
6.4 million

Total

NAFLD
(NASH + NAFL)
18.1 million

CV Deaths
Liver Deaths
Liver Transplants

1,368,955
812,230
64,878

NASH
6.4 million

883,469
794,638
64,013

*2017 estimate, Younossi et al, Diabetes Care 2020;43:283-289

• CV risk elevated across the spectrum of fatty liver disease
• Highest risk subjects can be identified by dysregulation of glucose metabolism,
elevated fasting insulin, and markers of liver injury

Conclusions
• There is a need for an insulin sensitizer to treat the insulin resistance and
hyperinsulinemia seen in NAFLD/NASH and Type 2 diabetes
• It has proven difficult to improve upon the first generation insulin
sensitizer pioglitazone. The mitochondrial target, important for
overcoming the effects of overnutrition had been overlooked.
• Location and identification of the mitochondrial target as the MPC has
made possible the development of a new class of insulin sensitizers that
avoid direct activation of nuclear receptors and dosing to full effect.
• MSDC-0602K phase 2b trial confirmed that it can be dosed to full insulin
sensitizing pharmacology without dose limiting side effects.
• Reduction of insulin resistance and hyperinsulinemia may be useful to
lower cardiovascular complications of these overlapping pathologies

