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Description of the Project (max 3,000 characters including spaces)

Background/gap of knowledge

Leptin receptor deficiency (LEPRD) is a rare genetic disorder causing early-onset obesity,
hyperglycemia, and insulin resistance due to impaired leptin-melanocortin signaling, leading to
abnormal feeding behavior. Standard obesity treatments are often ineffective or
contraindicated due to persistent hyperphagia'.

Setmelanotide (SET), an MC4R agonist, is approved for rare monogenic obesity, including LEPRD,
as it bypasses the defective leptin receptor. While it reduces hunger, weight loss in LEPRD patients
is less marked than in other forms of monogenic obesity?%. Additionally, some patients had to
pause or lower the dose due to side effects*®. Thus, further therapeutic strategies are needed to
improve its efficacy.

Rationale and hypothesis

TMPRSS6, a protease in hepatocytes, inhibits the BMP-SMAD pathway. Tmprss6-KO mice on a
high-fat diet (HFD) showed reduced adipose tissue and improved insulin resistance®, indicating
hepatic Tmprss6 deletion alters metabolism. Preliminary data suggest that reducing Tmprss6 in
hepatocytes lowers weight gain, liver steatosis, and adipocyte hypertrophy in HFD mice. In the
LEPRD mouse model, Tmprss6 downregulation also reduces hepatosteatosis, adipocyte
hypertrophy, and inflammation, positioning TMPRSS6 as a key factor in this genetic obesity.

The project’s central hypothesis is that TMPRSS6 is a novel regulator of lipid and glucose
metabolism and a promising pharmacological target for LEPRD, either alone or combined with
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SET to enhance treatment efficacy. The availability of a well-established siRNA-based method
for TMPRSS6 downregulation in hepatocytes offers a potential new therapeutic approach for this
severe genetic obesity.

Objectives and specific aims

The objectives of the project are:

1. To investigate whether (AIM 1) and how (AIM 3) the pharmacological upregulation of Tmprsss,

by enhancing the hepatic BMP-SMAD pathway, improves LEPRD. To achieve this, we will utilize
db/db mice, which develop LEPRD, and treat them with GalNAc-modified Tmprss6 siRNA for
selective hepatocyte targeting.

2. To demonstrate that the combined targeting of MC4R by SET and Tmprss6 by siRNA is more

effective than SET alone in improving the LEPRD phenotype and enhancing the efficacy of low-
dose SET, thereby reducing the risk of adverse events (AIM 2).

Expected outcomes

1. The hepatocytic BMP-SMAD pathway, which is diminished in LEPRD, plays a crucial role in
regulating lipid and glucose metabolism. Its selective upregulation in hepatocytes through
TMPRSS6-siRNA treatment counteracts weight gain, liver steatosis, adipocyte hypertrophy,
inflasnmation, and lowers glycemia.

2. The efficacy of Setmelanotide can be enhanced by combining it with TMPRSS6-siRNA
treatment.

3. Hepatokines, whose expression is modulated by the improvement of the LEPRD phenotype
following TMPRSS6 downregulation and BMP-SMAD pathway activation, may serve as potential
autocrine and endocrine regulators of lipid and glucose metabolism. These hepatokines could
exert autocrine or paracrine effects on metabolically active tissues, such as adipose tissue and
skeletal muscle, both of which are compromised in LEPRD.

Skills that the student should acquire (max. 600 characters including spaces):

- Management of the db/db mouse colony
- Evaluation of the LEPRD phenotype: GTT/ITT, organ weights, and full phenotypic characterization

- Design of an experimental approach to reduce Tmprss6 expression using siRNA (and

treatment with SET in combination)
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- Establishment and treatment of primary cell cultures with selected hepatokines (hepatocytes,

adipocytes, myoblasts)
- Critical evaluation of the obtained results
- Presentation of data at a conference

- Writing a research paper
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