MON-070-LB

Melanocortin 4 Receptor Pathway Dysfunction in Obese Patients: Prevalence Estimates of LEPR,

POMC, and PCSK1 Variants

Kristin L. Ayers,’? Benjamin S. Glicksberg,'? Alastair S. Garfield,® Simonne Longerich,* Joseph A. White,* Pengwei Yang,* Lei Du,* Thomas W. Chittenden,* Jeffery R. Gulcher,* [da Hatoum Moeller,®* Sophie Roy,® Fred Fiedorek,® Keith Gottesdiener,® Sarah Cohen,® Kari E. North, Eric E. Schadt,'? Shuyu D. Li,"* Rong Chen,'? Lex H.T. Van der Ploeg?

'Department of Genetics and Genomic Sciences, Icahn Institute for Genomics and Multiscale Biology, Icahn School of Medicine at Mount Sinai, New York, NY, USA; 2Sema4, a Mount Sinai venture, Stamford, CT, USA; Rhythm Pharmaceuticals, Inc., Boston, MA, USA; *“WuXiNextCode, Cambridge, MA, USA; SEpidStat Institute, Ann Arbor, MI, USA; ¢University of North Carolina, Chapel Hill, NC, USA

Introduction

* The hypothalamic melanocortin 4 receptor (MC4R) pathway plays
a critical role in controlling food intake and energy expenditure
through brain-periphery signaling networks.”

* Mutations in several genes within the MC4R pathway lead to
monogenic forms of early-onset obesity, relatively independently of
environmental factors.?

¢ Genetic studies of monogenic obesity have revealed the significance
of loss of function (LoF) mutations in MC4R pathway genes, including
the leptin receptor (LEPR), proopiomelanocortin (POMC), and
proprotein convertase subtilisin/kexin type 1 (PCSKT) genes.>*

e Individuals carrying multiple LoF defective alleles in different MC4R
pathway genes may exhibit an increased risk for obesity due to the
cumulative burden of genetic deficiency in the MC4R pathway.®

e The aim of these analyses were to estimate the number of
individuals in the United States who are homozygous or compound
heterozygous for known and predicted LoF variants in POMC,
PCSK1, and LEPR, and to evaluate the association between LoF
variants and body mass index (BMI).

Methods

— Odds ratios were computed by dichotomizing cases and controls
to severe obesity cases (BMI >40 kg/m?) and normal controls (BMI
<25 kg/m?). Logistic regression was used to analyze common
variants, while Firth regression was used for rare variants.

Results

e Known LoF variants in the POMC, PCSK1, and LEPR genes were
identified through a comprehensive literature search and through
analysis of several genetic databases, including HGMD® and ClinVar.’

e Computationally predicted LoF variants were identified using the
DeepCODE deep learning algorithm (Yang et al 2017, manuscript
in preparation).

* The prevalence of individuals with homozygous and compound
heterozygous variants of interest were estimated for each gene
using Hardy-Weinberg calculations. The probability of recombination
between any 2 variants was assumed to be negligible, as most
variants are rare with minor allele frequency <0.1%.

- Prevalence estimates were based on cumulative allele frequencies
computed from allele frequencies in gnomAD (http://gnomad.
broadinstitute.org).

* |n addition to estimating the prevalence of patients with
homozygous or compound heterozygous LoF variants, the
association between cumulative allelic burden and BMI was
investigated utilizing datasets from the UK Biobank (http://www.
ukbiobank.ac.uk/), the UK10K (https://www.uk10k.org/), and Mount
Sinai Hospital (New York, NY, USA).

Identification of LoF Genetic Variants in POMC, PCSK1,
and LEPR

e A total of 83 credible LoF variants were identified from the
systematic literature review (Table).

e An additional 83 nonsense, frame-shift, and splice site variants and
421 computationally predicted LoF missense variants were identified
from the gnomAD, UK10K, and UK Biobank databases, and Mount
Sinai Hospital internal data (Table).

* LoF variants were classified into 2 groups based on the nature of the
supporting evidence.

- Group 1 included LoF variants experimentally validated in the
literature or that could be confidently predicted as such based
on published protein functional studies.

- Group 2 included predicted LoF missense variants with a high
functional impact based on the DeepCODE algorithm (Yang et al
2017, manuscript in preparation).

Table. Grouping of MC4R Pathway Variants

Gene
Category Source POMC PCSK1 LEPR Total
Group 1 Literature 30 31 22 83
Novel (nonsense, splice
site, frame shift) 20 24 39 83
Computationally
Group 2 predicted 85 176 160 421
high-impact missense
Total 135 231 221 587

LEPR, leptin receptor; MC4R, melanocortin 4 receptor; POMC, proopiomelanocortin; PCSK1,
proprotein convertase subtilisin/kexin type 1.

Prevalence of LoF Genetic Variants in POMC, PCSK1, and
LEPR in the United States

Based on an approximate US population of 300 million, the
estimated numbers of homozygous and compound heterozygous
individuals with rare LoF variants were 3638 individuals for LEPR,

656 individuals for a-melanocyte-stimulating hormone (a-MSH)/POMC,
and 8546 individuals for PCSK1 (Figure 1).

The total combined prevalence for biallelic LoF variants was
predicted to be 12,840 individuals in the United States (Figure 1).

We have excluded from these analyses a small subset of less rare
variants that have been previously evaluated and where the effects
of these variants on severe obesity remain unclear. The estimated
prevalence by gene when including these additional variants are:
POMC with the B-MSH variants (n=9914), and PCSKT with N221D
(n=564,529) where a novel PCSK1 LoF variant in addition to N221D,
T640A, adds ~33,000 to this estimate. To our knowledge, none of
these patients have been diagnosed.

Figure 1. Prevalence Estimations of Homozygous and Compound
Heterozygous Individuals With LoF Variants in the United States
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LEPR, leptin receptor; LoF, loss of function; POMC, proopiomelanocortin; PCSK1, proprotein

convertase subtilisin/kexin type 1. Prevalence estimations are based on an approximate US population

of 300 million. Error bars represent 95% Cls.

Association of LoF Variants With Increased BMI

Individuals with =1 LoF variant (n=15,788) had significantly higher
BMI when compared with individuals with no LoF variants (P=0.012;
Figure 2A).

— The well-studied PCSK1 N221D and novel PCSK1 T640A variants
were found to have statistically significant associations with BMI
(P=0.002 and P=0.0002, respectively).

- No other heterozygous/individual allele variants were found to
be statistically significant, possibly due to their low frequencies of
occurrence.

Individuals with =2 LoF alleles in =1 of the LEPR, POMC, and/or
PCSK1 genes (n=665) had significantly increased BMI relative to
individuals with no LoF variants, indicating a significant cumulative
allele burden across these 3 genes (P=0.016; Figure 2B).

There was a trend towards an association between variants and
increased BMI in a subset of the above population (Figure 2B) who
have LoF variants in =2 of the 3 genes (composite genotype; n=234)

compared with individuals with no LoF variants (P=0.098; Figure 2C).

To evaluate the significance of variants other than PCSK1 N221D, we
compared individuals with N221D plus another variant (n=258) with
individuals with N221D alone (n=11,719).

— The additional allele on the N221D background resulted in a
trend towards an association with a higher BMI in this population
(P=0.058; Figure 2D).

These results suggest an association between a burden of LoF
variants in the MC4R pathway and higher BMI when compared
with individuals with no LoF variants.

Conclusions

Figure 2. Effect of LoF Variants on the Risk of Increased BMI
(Groups 1 and 2)

Study Carriers BMI shift (95% ClI)

(A) Only 1 LoF Variant vs No LoF Variants

N 15,788

0.35(0.08-0.63)

RE model (Q=13.49, df=16, P=0.64, ’=51.3%)  if
: P=0.012

(B) 22 LoF Alleles in 21 Gene vs No LoF Variants
N 665

RE model (Q=33.31, df=13, P=0.00, 1>=89.0%)

@ 279052500

P=0.016
(C) 22 LoF Alleles in 22 Genes (Composite) vs
No LoF Variants
N 234
RE model (Q=6.74, df=8, P=0.57, 12=0.0%) Y 0.52 (-0.10 to 1.14)
: P=0.098

(D) N221D Hets vs N221D Alone

N 258

0.57 (-0.02 to 1.17)

RE model (Q=5.67, df=5, P=0.34, 2=0.0%) Y
: P=0.058

<« Less Obese T

T 1 More Obese >
—-6.00 0.00 00

BMI, body mass index; LoF, loss of function; RE, random effects. The effect size represents the
estimated effect sizes and Cls over all data sets using a RE-weighted model.

e We estimate that ~12,800 individuals in the United States are homozygous or compound heterozygous for LoF variants in POMC, PCSK1,

or LEPR.

* This predicted population remains almost entirely undiagnosed because genetic testing is rarely performed in obese patients.

- Guidelines on pediatric obesity suggest genetic testing in patients with extreme early-onset obesity (<5 years of age), and who have
clinical features of genetic obesity syndromes (in particular, extreme hyperphagia) and/or a family history of extreme obesity.®

® The cumulative allele burden of =2 LoF alleles in =1 of the 3 genes studied here (compound or composite genotype) predisposes individuals

to a higher BMI.

e Overall, these findings suggest that LoF variants in the MC4R pathway contribute to severe obesity.

References 1. van der Klaauw AA, Farooqi IS. Cell. 2015;161:119-32. 2. Bougnéres P. Diabetes. 2002;51(suppl 3):5295-303. 3. Huvenne H, et al. Obes Facts. 2016,9:158-73. 4. Farooq;i IS, et al. N Engl J Med. 2003;348:1085-95. 5. Lombard Z, et al. BMJ Open. 2012;2. 6. Stenson PD, et al. Hum Genet. 2014;133:1-9. 7. Landrum MJ, et al. Nucleic Acids Res. 2014;42:D980-5. 8. Styne DM, et al. J
Clin Endocrinol Metab. 2017;102:709-57. Acknowledgments We thank Cathy Folster, Ally Leonard, Michael Feloni, Genie Meca, Scott Baver, and Monica Fay for critical feedback and expert clinical and administrative support. The study was funded by Sema4, a Mount Sinai venture, and Rhythm Pharmaceuticals, Inc. Under the direction of the authors, Lindsay Napier, PhD, employee of Excel Medical
Affairs, provided writing assistance for this poster. Editorial assistance in formatting, proofreading, copyediting, and fact-checking also was provided by Excel Medical Affairs. Rhythm Pharmaceuticals, Inc. provided funding to Excel Medical Affairs for support in writing and editing this poster. Disclosures KLA, BSG, EES, SDL, and RC are employees of Sema4, a Mount Sinai venture. ASG, IHM, SR, FF, KG,
and LHTVdP are employees of Rhythm Pharmaceuticals, Inc. SL, JAW, PY, LD, TWC, and JRG are employees of WuXiNextCode. SC is an employee of EpidStat Institute. KEN reports no conflicts of interest related to this work.

Presented at ENDO 2018; March 17-20, 2018; Chicago, IL



