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(57) Abstract: Methods for determining resistance to weight loss and susceptibility to binge eating episodes are described. The
methods include determination of the presence of a obesity related alleles for a patient at single nucleotide polymorphism sites as-
sociated with the genes INSIG2, FTO, MC4R, and PCSK!. The total number of obesity alleles for the patient is indicative of the
patient's resistance to weight loss and susceptibility to weight gain following bariatric surgery. The methods also include deter-
mining if a patient is homozygous for an obesity related allele at one or more single nucleotide polymorphism sites of the four
genes.
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GENETIC PREDICTORS OF WEIGHT LOSS
STATEMENT OF PRIORITY
[0001]  This application claims priority to U.S. Provisional Application No.
61/037,173, filed March 17, 2008, whose disclosure is hereby incorporated by reference
herein.
FIELD OF THE INVENTION
[0002]  The present invention relates to genetic predictors of weight, particularly
single nucleotide polymorphisms associated with weigh loss outcomes.
BACKGROUND OF THE INVENTION
[0003] Obesity, commonly defined as a body mass index (BMI) greater than 30
kg/m?, is directly related to an increased risk for diabetes mellitus, hypertension,
dyslipidemia, cardiovascular disease, certain forms of cancer, and to overall mortality T
Morbid obesity (BMI>40 kg/m®) further increases disease burden and risk of mortality *
? Weight loss is effective at decreasing these risks and ameliorating disease severity '°,
thus reducing body weight is a major clinical goal. Currently available dietary and
pharmacological modalities may produce small to moderate levels of weight loss, but in
most patients are either not achieved or are not sustained *,
[0004]  Bariatric surgery has thus emerged as a highly effective therapy for long-term
weight loss in morbidly obese patients ', and more recently as a surgical therapy for the
potential cure of type 2 diabetes *°. However, the degree of weight loss and treatment
success is variable °. A major clinical need for the management of obesity is thus the
ability to stratify patients into specific therapeutic modalities, which has not yet been met

by available clinical and demographic variables ''.
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[0005] One factor that may influence a patient's risk for obesity, and therefore the
potential long-term success of bariatric surgery, is genetic susceptibility. Twin and
adoption studies support an important role for genetic factors influencing the development
of obesity.*” However, most cases of adult obesity are not caused by single genetic
defects,*® Efforts have therefore focused on the identification of genetic variants that
predispose carriers to common, polygenic obesity. A large number of common genetic
variants have been reported to be related to BMI, but few of the associations have been
reproduced across multiple populations.'> Most studies have also been performed in
individuals with normal weight, overweight, and class I obesity and have not included
morbidly obese patients.

[0006]  Bariatric surgery, while an effective weight loss option for many patients, has
underlying risks. As such, information regarding a patient's genetic predisposition to
weight loss may assist the physician and patient in determining the type of bariatric
surgery best suited to the patient, or even whether to undergo bariatric surgery at all.
Therefore, there exists a need for methods which are able to accurately determine which
patients may be more resistant to weight loss.

SUMMARY OF THE INVENTION

[0007] In one aspect of the present invention, methods are provided for determining a
patient’s resistance to weight loss or likelihood to achieve weight loss (e.g. a
predisposition to changes in body mass index). The methods involve determining the
presence of certain obesity alleles at single nucleotide polymorphism (SNP) positions.
[0008] The SNPs of the present invention include SNPs associated with the human

genes INSIG2 (1s7566605), FTO (rs9939609), MC4R (rs17782313) and PCSK!
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(rs6235). The obesity related alleles are C for the INSIG2 SNP, A for the FTO SNP, C
for the MC4R SNP and C for the PCSK1 SNP.

[0009] In one aspect of the present invention, methods are provided for determining a
patient’s predisposition to changes in BMI by totaling the number of obesity alleles for
the patient at each of the INSIG2 SNP, FTO SNP, MC4R SNP and PCSK1 SNP. If the
total number of obesity alleles is between 5-8, it is indicated that the patient is resistant to
weight loss.

[0010] In another aspect of the present invention, methods are provided for
determining a patient’s predisposition to changes in BMI by totaling the number of
homozygous obese genotypes for the patient for each of the INSIG2 SNP, FTO SNP,
MC4R SNP and PCSK1 SNP. The presence of two of more homozygous obese
genotypes are indicative that the patient is resistive to weight loss.

[0011] In another aspect of the present invention, methods are provided for
determining a patient’s predisposition to changes in BMI by analysis of three of fewer of
the INSIG2 SNP, FTO SNP, MC4R SNP and PCSK1 SNP.

[0012] The present invention can be used for informing physician decisions regarding
the form of treatment of obese patients. If the methods of the present invention indicate a
resistance to weight loss, more invasive or dramatic procedures may be required.
Alternatively, if the methods of the present invention indicate a susceptibility to weight
loss, bariatric surgery or other treatments may be indicated as desirable.

[0013] In a still further aspect of the present invention, methods are provided for

determining a patient’s susceptibility to binge eating episodes. If a patient is found to be
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homozygous for the obesity allele of the INSIG2 SNP, the patient is indicated as being
susceptible to binge eating episodes.

[0014]  In yet a further aspect of the present invention, methods are provided for
determining a patient’s metabolic rate or resting energy expenditure or oxygen
consumption (VO,). If a patient is found to be homozygous for the obesity allele of the
INSIG2 SNP, the patient is indicated as being susceptible to having a lower metabolic
rate or resting energy expenditure or oxygen consumption (VO,).

DETAILED DESCRIPTION OF THE DRAWINGS

[0015]  Figure 1 shows a histogram of BMI (calculated as weight in kilograms
divided by height in meters squared) in morbidly obese patients.

[0016] Figure 2 shows a plot of the percent of baseline excess weight vs. time from
bariatric surgery in months for patients with a starting BMI of less than 50 (solid lines)
and a starting BMI of greater than 50 (dashed lines). The plot shows the differences in
post-operative weight changes between patients having 0-1 homozygous obese genotypes
for the INSIG2, FTO, MC4R and PCSK1 SNPs (black lines) and patients having 2 or
more obese genotypes for the same SNPs {(gray lines).

[0017]  Figure 3 shows a plot of the percent of baseline excess weight vs. time from
bariatric surgery in months for patients with a starting BMI of less than 50 (solid lines)
and a starting BMI of greater than 50 (dashed lines). The plot shows the differences in
post-operative weight changes between patients having 0-4 obese alleles for the INSIG2,
FTO, MC4R and PCSK1 SNPs (black lines) and patients having 5 or more obese
genotypes for the same SNPs (gray lines).

DETAILED DESCRIPTION OF THE INVENTION
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[0018]  The present invention provides methods for determining a person's
susceptibility to obesity and resistance to weight loss. The present invention provides
methods for analysis of genetic factors associated with obesity. Particularly, the present
invention provides methods for analyzing specific single nucleotide polymorphisms
{SNPs), which are associated with obesity and reststance to weight loss.

[0019] The present invention provides methods for determining the presence of a
specific allele for one or more SNP. The presence of a specific allele is then correlated
with a patient's likelihood to be resistant to weight loss or their likelihood to achieve
significant weight loss. In embodiments of the invention, the methods can be performed
using a single SNP, or multiple SNPs, e.g. two SNPs, three SNPs or four SNPs, as are
described herein below.

[0020] In a specific embodiment of the present invention, SNPs that occur naturally
in the human genome are provided as isolated nucleic acid molecules. In particular the
SNPs are associated with weight loss outcomes. As such, they can have a variety of uses
in the diagnosis and/or treatment of obesity and related pathologies. One aspect of the
present invention relates to an isolated nucleic acid molecule comprising a nucleotide
sequence in which at least one nucleotide is a SNP. In an alternative embodiment, a
nucleic acid of the invention is an amplified polynucleotide, which is produced by
amplification of a SNP-containing nucleic acid template. In another embodiment, the
invention provides for a variant protein that is encoded by a nucleic acid molecule
containing a SNP disclosed herein.

[0021]  The specification uses designations of nucleic acid residues well know in the

art, using standard abbreviations: e.g. adenosine (A), guanosine (G), thymidine (T) and
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cytidine (C). For example, the indication that a residue C is present at a specific position
is an indication that a cytidine residue is present at that position. Further, standard
abbreviations are used in the sequence listing for positions that have two possible
residues: with G or C represented by S; A or T represented by W; and T or C represented
byY.

[0022]  One SNP of the present invention is in the region of the human gene INSIG2,
on chromosome 2. The SNP has a Reference SNP Cluster 1D number of rs7566605 in
the National Center for Bioformation’s Entrez SNP database. The INSIG2 SNP is
represented by position 11 of SEQ 1D NO: 1, which is the sequence surrounding the
INSIG2 SNP. The obesity related allele for the INSIG2 SNP is a C at position 11 of SEQ
ID NO: 1. All SNPs with significiant linkage disequilibrium (D>0 or D<0; D’>0 or
D’<0) with this SNP are also contemplated by the present invention. Other SNPs that are
in or nearby this gene that function in a similar manner are also included.

[0023]  Another SNP of the present invention is in the region of the human gene FT0O,
on chromosome 16. The SNP has a Reference SNP Cluster ID number of rs9939609 in
the Entrez SNP database. The FTO SNP is represented by position 11 of SEQ ID NO: 2,
which is the sequence surrounding the FT'O SNP. The obesity related allele for the FTO
SNP is an A at position 11 of SEQ ID NO. 2. All SNPs with significiant linkage
disequilibrium (D>0 or D<0; D’>0 or D’<0) with this SNP are also contemplated by the
present invention. Other SNPs that are in or nearby this gene that function in a similar
manner are also included.

[0024]  Yet another SNP of the present invention is in the region of the human gene

MC4R, on chromosome 18. The SNP has a Reference SNP Cluster ID number of
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1517782313 in the Entrez SNP database. The MC4R SNP is represented by position 11
of SEQ 1D NO: 3, which is the sequence surrounding the MC4R SNP. The obesity
related allele for the MC4R SNP is a C at position 11 of SEQ ID NO: 3. All SNPs with
significiant linkage disequilibrium (D>0 or D<0; D*>0 or D’<0) with this SNP are also
contemplated by the present invention. Other SNPs that are in or nearby this gene that
function in a similar manner are also included.

[0025] The fourth SNP of the present invention is in the region of the human gene
PCSK 1, on chromosome 5. The SNP has a Reference SNP Cluster ID number of 156235
in the Entrez SNP database. The PCSK1 SNP is represented by position 11 of SEQ ID
NO: 4, which is the sequence surrounding the PCSK1 SNP. The obesity related allele for
the PCSK1 SNP is a C at position 11 of SEQ ID NO: 4. All SNPs with significiant
linkage disequilibrium (D>0 or D<0; D’>( or D’<0)} with this SNP are also contemplated
by the present invention. Other SNPs that are in or nearby this gene that functionin a
similar manner are also included.

[0026] In one embodiment of the present invention, the total number of obesity
related alleles for each copy of the four SNPs of the present invention is determined. As
there are two copies of each allele, a determination of the number of obesity alleles for
the four SNPs will give a number of 0-8 obese alleles. For example, the presence of the
residue C for one copy INSIG2 SNP will count as one obesity related allele. The total
number of obese alleles can then be correlated with a risk of obesity, resistance to weight
loss (e.g. resistance to change in body mass index (BMI), likelihood of successful weight
loss) and suitability for bariatric surgery. In certain embodiments of the invention, the

presence of 5 or more obese alleles in a subject suggests a genetic resistance to weight
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loss, and subjects bearing this number of obese alleles are indicated as resistant to
changes in BMI following circumstances promoting weight loss such as surgical
therapies. Additionally, the presence of 4 or fewer obese alleles in a subject suggests a
genetic susceptibility to weight loss, and subjects bearing this number of obese alleles are
indicated as susceptible to changes in BMI following circumstances promoting weight
loss such as surgical therapies. It is also contemplated that other embodiments of the
invention which evaluate all four SNPs may also look for 4 or more, 6 or more, 7 or
more, or the presence of 8 obese alleles in determining a correlation,

[0027] In other embodiments of the invention, the total number of obesity alleles for
less than all four SNPs of the invention are analyzed in order to make a genetic
determination. Only three of the SNPs may be evaluated in order to determine a number
of obesity alleles from 0-6, only two of SNPs may be evaluated to determine a number
between 0-4 and only one SNP may be evaluated to determine a number between 0-2, In
these cases the presence of half or more of the total number of obesity alleles (e.g. 3 or
more out of 6), suggests a genetic resistance to weight loss, and subjects bearing this
number of obese alleles are indicated as resistant to changes in BMI following
circumstances promoting weight loss such as surgical therapies. Additionally, the
presence of half or fewer of the total number of obesity alleles (e.g. 3 or fewer out of 6),
suggests a genetic susceptibility to weight loss, and subjects bearing this number of obese
alleles are indicated as susceptible to changes in BMI following circumstances promoting
weight loss such as surgical therapies. The analysis of the present invention can be done

with any possible combination of the four SNPs of the invention.
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[0028] In another embodiment of the present invention, the total number of
homozygous obese genotypes out of the four SNPs of the invention is determined. For
example, the presence of a C at both copies of the INSIG2 SNP would be counted as one
homozygous obese genotype. The total number of homozygous obese genotypes can
then be correlated with a risk of obesity, resistance to weight loss (e.g. resistance to
change in BMI) and suitability for bariatric surgery. In certain embodiments of the
invention, the presence of 2 or more homozygous obese genotypes in a subject suggests a
genetic resistance to weight loss, and subjects bearing this number of obese alleles are
indicated as resistant to changes in BMI following circumstances promoting weigh loss
such as surgical therapies. Additionally, the presence of 1 or fewer homozygous obese
genotypes in a subject suggests a genetic susceptibility to weight loss, and subjects
bearing this number of obese alleles are indicated as susceptible to changes in BMI
following circumstances promoting weigh loss such as surgical therapies. It is also
contemplated that other embodiments of the invention which evaluate all four SNPs may
also look for 1 or more, 3 or more, or the presence of 4 homozygous obese genotypes in
determining a correlation.

[0029] In other embodiments of the present invention, the total number of
homozygous genotypes may be determined for less than all four of the SNPs of the
invention. Only three, two or one SNP may be analyzed to determine the number of
homozygous obese genotypes. The number of homozygous obese genotypes can then be
compared with the total number of SNPs analyzed, with the presence of one or more
homozygous obese genotypes suggests a genetic resistance to weight loss, and subjects

bearing this number of obese alleles are indicated as resistant to changes in BMI
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following circumstances promoting weigh loss such as surgical therapies. Additionally,
subjects bearing no homozygous obese genotypes are indicated as susceptible to changes
in BMI following circumstances promoting weigh loss such as surgical therapies.
[0030] In astill further embodiment of the invention, the presence of a homozygous
obese genotype for the INSIG2 SNP can further be associated with an increased
frequency of binge eating. In a manner analogous to that described above, if the INSIG2
SNP is shown to be homozygous for the obese allele, then the patient is indicated as
likely to suffer from episodes of binge eating. If a patient is determined to be likely to
suffer from binge eating episodes, the patient may be given counseling and education to
assist the patient with avoiding binge eating episodes.

[0031] The analysis of the SNPs of the present invention can be done using any
sequencing method known in the art. The sequence of the nucleic acid surrounding the
SNP may be determined as is well known. For example, nucleic acids comprising all or
part of SEQ ID NOs: 1-4 may be amplified from a patient sample using polymerase chain
reaction (PCR). The sequences of the amplified nucleic acids may then be determined,
including the presence of a specific residue at the SNP position. In order to amplify
nucleic acids comprising all or part of SEQ ID NOs: 1-4, primers complementary to
regions outside of the nucleic acid to be amplified must be used. Creation and use of
such primers for the amplification of a region of a nucleic acid is well known to those of
skill in the art. Various embodiments of the invention also provide kits comprising SNP
detection reagents, and methods for detecting the SNP’s disclosed hierein by employing

detection reagents.
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[0032]  Alternatively, other methods of sequencing may be used to determine the
allele at the SNPs of the invention, including whole genome or single chromosome
sequencing methods. Additionally, other non-sequencing methods which are capable of
determining the residue at the SNP may also be used. It should be apparent to one of
skill in the art that, if a patient has had part or all of his genome sequenced, the sequence
information may be used to determine the presence of obesity linked alleles at the SNPs
of the invention.

[0033] Nucleic acid may be obtained from various patient samples, as are well known
in the art, including blood, cerebrospinal fluid, saliva and other body fluids, as well from
other samples such as a buccal scrape or from a tissue sample obtained from the patient.
[0034] The methods of the present invention are useful in guiding decisions regarding
bariatric procedures. The methods are applicable to all known bariatric procedures,
including malabsorptive procedures, restrictive procedures and mixed procedures, as are
well known in the art. In certain embodiments, the methods of the present invention can
be used to guide a physician as to performing Roux-en-Y gastric bypass surgery,
however, other forms or bariatric procedures are also contemplated.

[0035]  After a patient’s sample is analyzed and the necessary SNP alleles determined,
the information obtained may be used to guide the patient’s treatment. For example,
patients who have between 0-4 obesity alleles from analysis of all four SNPs would be
likely to respond well to bariatric surgery and, as such, are good candidates for such
procedures. Alternatively, the number of obesity alleles may guide the physician towards
performing a more malabsorptive bariatric procedure. For example, patients who have

between 5-8 obesity alleles from analysis of all four SNPs may still be candidates for

11
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bariatric surgery, however, the patient will likely find success from a more highly
malabsorptive procedure. In this case, a more malabsorptive procedure (e.g. a procedure
that leaves less of the stomach and small intestine in contact with consumed food) can be
done for patients having a higher number of obesity alleles.

[0036] It is also contemplated that the information obtained from the methods of the
present invention may be used to guide other medical decisions related to weight loss,
such as highly restrictive dieting and other measures.

[0037] The other methods of the present invention, including the analysis of
homozygous obesity genotypes and analysis of one to three SNPs, can also be used to
guide physician decisions related to bariatric surgery and other medical procedures.
[0038] 1Itis further contemplated that the methods of the present invention can be
used for developing databases containing information on the association between the
obesity alleles of the present invention and actual clinical outcomes. The databases may
include information about a specific patient’s number of obesity alleles correlated with
actual weight loss either by dieting, bariatric surgery, or both. Thus, as more information
on a larger group of patients is gathered, continually improved predictions can be made
as to the association between the obesity alleles of the invention and weight loss.

[0039] It will be apparent to those of skill in the art that there are other embodiments
of the present invention not explicitly described in this specification. Further, the
Examples below are informational and are not intended to limit the scope of the
invention. The scope of the present invention should be interpreted according to the

claims presented below.

EXAMPLES
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Example 1 — Association of FT0 and INSIG2 SNPs with BMI
[0040]  As aninitial step in understanding potential genetic influences in patients
undergoing bariatric surgery, the association of 70 and INSIG2 SNPs with BMI was
determined in a large cohort of morbidly obese patients enrolled in a bariatric surgery
program. Because of the role of INSIG?2 in lipid and cholesterol metabolism, the effect of
the 2 obesity genes on blood-lipid parameters was also analyzed.
Methods

A. Patients
[0041]  Patients undergoing open or laparoscopic Roux-en-Y gastric bypass
operations or laparoscopic adjustable gastric banding procedures for morbid obesity or its
comorbid medical problems at Geisinger Medical Center, Danville, Pennsylvania, were
enrolled in a clinical research program on obesity and metabolic syndrome. All patients
undergoing bariatric operations at Geisinger Medical Center are required to participate in
a standardized multidisciplinary preoperative program, which includes obtaining
standardized clinical and laboratory data at designated times. An accurately measured
BMI is obtained at the first visit at the weight management clinic. Blood samples for
DNA and lipid measures were obtained approximately 3 weeks before the date of
operation. Total cholesterol, high-density lipoprotein cholesterol, low-density lipoprotein
cholesterol (calculated), triglyceride levels, and the cholesterol to high-density lipoprotein
ratio were also measured using standard clinical laboratory techniques. The institutional
review board at the Geisinger Medical Clinic approved the research protocol and all
participants provided written informed consent.

B. Data Acquisition

13
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[0042] Demographic, BMI, and laboratory data were obtained through an electronic
search of EpicCare electronic medical records (Epic Systems, Verona, Wisconsin). The
electronic medical record data were imported into SAS/STAT software (SAS Institute
Inc, Cary, North Carolina) and were mapped to predefined fields. The resulting data were
available for statistical analysis in SAS or for export into other software applications.

C. DNA Isolation
[0043] DNA was extracted from 0.35 mL of EDTA-anticoagulated whole blood using
the Qiagen MagAttract DNA Blood Midi M48 Kit and Qiagen BioRobot M48
Workstation (Qiagen, Valencia, California) according to the manufacturer's directions.
The final elution volume was 200 pL. For a few patients, blood was not available, so
DNA was extracted from fixed liver tissue. Livers were first treated with proteinase K (1
pg/ul) in350 pL of Qiagen Tissue Lysis Buffer (Qiagen) and incubated at 55°C
overnight. Following digestion, samples were loaded onto the Qiagen BioRobot M48
Workstation and DNA was extracted, as described for blood samples. Quantification of
extracted DNA was performed using a NanoDrop ND-1000 spectrophotometer
(NanoDrop Technologies, Wilmington, Delaware).

D. Genotype Analysis
[0044]  Single nucleotide polymorphism genotyping was performed on an Applied
Biosystems 7500 Real-Time Polymerase Chain Reaction System (Applied Biosystems,
Foster City, California). Assay reagents for each SNP were obtained from Applied
Biosystems (70 rs9939609, assay C 30090620 _10; INSIG2 rs7566605, assay
C__29404113_20). DNA was genotyped according to the manufacturer's protocol.

Briefly, the components for each genotyping reaction were as follows: 10 ng of DNA, §

14
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uL of TagMan Genotyping Master Mix (Applied Biosystems), 0.25 pL of assay mix
(40 x), and water up to a total volume of 10 pL. The thermocycler conditions were as
follows: S0°C for 2 minutes, 95°C for 10 minutes, and 40 cycles at 95°C for 15 seconds
and at 60°C for 60 seconds. The reaction was then analyzed using Applied Biosystems
Sequence Detection Software.

E. Statistical Analysis
[0045] Deviation from Hardy-Weinberg equilibrium was tested with the HelixTree
software package (Golden Helix, Bozeman, Montana). The Helix Tree application was
used to determine differences in genotype and allele frequencies to examine the
association of SNPs with BMI and laboratory results. Multiple testing corrections were
performed using simulations and the Bonferroni method. Significant association was
considered likely for a Bonferroni-corrected P < .05.
Results

A. Patient Characteristics
[0046] The mean age of the patient cohort was 45.9 years, with a mean BMI of 51.2
(Table 1). More than 97% of the patients had white European ancestry, representative of
the geographic area, and 81% were women. Mean lipid measurements were as follows:
triglyceride level, 177.6 mg/dL (2.01 mmol/L); total cholesterol, 188.8 mg/dL (4.89
mmol/L); high-density lipoprotein cholesterol, 48.1 mg/dL (1.25 mmol/L); total
cholesterol to HDL cholesterol ratio, 4.1; and calculated low-density lipoprotein, 106.2
mg/dL (2.75 mmol/L). The distribution of BMI measurements is shown in Figure 1.

Almost 4% of the population had BMIs higher than 70.

15
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.- Bosdy rass indexdt
Mean (D) C BLB(aS)
Median (range) ] 49.5 (40.88.4)
Triglycerides, mg/dL® _
Maan (SD) o 177.6(105.3)
Median (range} o 153 {36-908)
Total cholesterol, mg/d. ¢ . ’
Mean {SD) T 1883y )
Medlan (range] T T TBETeReS
HEL cholestercd, mg/dLe _ :
Mean-{8 481 (113
Hedian {rifge) 47 {22-108}
 Total efiolesterol to HDL cholestercd ratio®
L ] $1{1.1)
Hadian{range) 4415718
1Bt cholestern], mg/dL?
#4=an (8D} 106.2 {34)
#adian 102 5-226)
Age, y®
Maan {50} 459 {11.2}
Wedian (range) 46,8 [18.6-72.2)

Abbraviations: HOL, high-dansity Hpapratein; LDL, low-density lipoprotein,
Sl corwersion factars: To comert HOL, LOL, and totai cholesterot to
mititmoles per liter, mutliply by 0.0259; triglyceridas to millimoles per liter,

mukiply by 0.0113.
;calculated as weight in kilograms divided by helght in meters squared.
N =707,
cﬂ = 679.
nl'l =661.

B. Genotypes
[0047] A total of 707 DNA samples were genotyped for the FTO (rs9939609) and
INSIG2 (rs7566605) SNPs (Table 2) Genotyping consisted of analyzing the DNA from
each patient to determine whether he or she carried the A and/or T sequences in F70 and
the G and/or C sequences near INSIG2. The FTO A SNP and the INSIG2 C SNP are
considered the obesity SNPs. The frequencies of the INSIG2 and FTO SNPs in this

population are presented in Table 2 and concur with previous studies.'®*°

16



WO 2009/117415 PCT/US2009/037401

Table 2. Fraqu uncles of F'ﬁ?and IHSI&EMI:I 8§ In- Hnrhlﬁly

Ohese Patienis . _ _

Allele . “Ho.olMleles -~ AlfeiseFrequency
538 045
76 055 -
485 0.35
919 0.85

Abbreviations: FT0, fat mass and obasity associated gane; INSIG2, insulin
induced gene 2.

[0048] To determine whether the population was genetically skewed through
inbreeding or strong founder effects, a statistical test for Hardy-Weinberg equilibrium
was performed. Both SNPs were found to be well within Hardy-Weinberg equilibrium
(F10, P> 44; INSIG2, P> .29). Our frequency of SNP sequences is thus consistent with
an out-bred, mixed, white European population.

[0049]  The diploid SNP sequences, or genotypes (ie, AA, AT, and TT for FTO and
CC, GC, and GG for INSIG2), of each patient for each gene were also analyzed (Table 3).
The homozygous genotype AA in /70 was present in approximately 21% of the
population and the homozygous genotype CC in INSIG2 was present in approximately
13%, consistent with previous studies. 18.99 These 2 homozygous genotypes are
considered the high—obesity risk genotypes. The heterozygous AT and GC genotypes
were found in 48% and 44% of the study population, respectively. The homozygous low-
obesity risk genotype for 770 (TT) was found in 31% of the population and the low—

obesity risk genotype (GG) for INSIG2 was present in 43%.
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.. Fraquencles of FT0 and INS/G2 Genotypes
idly Obese Patients _
e
- Gemlype No. of Gisnolypes " Genolype Frequency
AT o B e 048 .
o ST ) VR
e - -9 . 613
ca 309 ' 044
66, 305 043

Abbreviations: FTD, fat mass and obesty associated gene; INSIG 2, insulin
mduced gene 2.

C. Association of BMI with SNPs
[0050] The relationship of BMI with the INSIG2 and FTO obesity SNP genotypes
was analyzed using the HelixTree Genetics Analysis Software (Golden Helix). With this
program, data are analyzed by minimizing the sum of squared deviations of each group
mean from the remainder of the observations. An F test was used to generate an
unadjusted P value; an adjusted P value was calculated by curve-fitting thousands of
simulations; and a Bonferroni correction for multiple comparisons of the adjusted P value
was also calculated. A conservative threshold of < .05 was used for this Bonferroni-
corrected P value.
[0051] The initial analysis was performed using BMI and the individual FTO and
INSIG2 SNP genotypes. Although the mean BMls increased by approximately 2 kg/m’ in
FTO and INSIG?2 obesity genotypes (Table 4), they were not statistically different (Table
5). With a less stringent statistical threshold (not Bonferroni corrected), the BMIs of the 3
FTO genotypes were found to be significantly different (2 = .03). No significant
association was found between the F7TO or INSIG2 genotypes and any of the lipid

parameters (F > .10).
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Table £. Mear BMis by FT0 and INSIGZ Genaypios-t Pat Y CastricBypass

: To INSIG2

" Gériolype Clans " Genetype - BMI, Msan :SD!' 'mmrm BN, Mean (3D)
Homaozygous o | narma#welm kL 504{1.1) GG 507 {8.9)
Heterozygou§ = - AT 511 (88} [z 513184
Homoeygous %of ohasity M 5580 M4 52.5[9.3)

Anbreviations: B, hody mass index (caiculated as veight in kilograms divided by height in meters squarad): FT0. 1at mass and obasity associated gena:
INS#52Z, insulin induozd gena 2,

" Tahla 5. Signiticance of Assoclation of Body Mass Intex
With FT0, INSIG2, and cnmﬁlmzd Gennlypcs I Mnrbldlv
Obese Patlem

PValue
' Bmtnrmni'
Genolype Unadjusted Adjusted Carrecled
FIo 626 026 051
INsIG2 HB 274 B24
FTD and INSIG2 < .00 193 010

Abbraviations; £T0, fat mass and obesity assotiated gene; INSIGZ, insulin
Induced gene 2.

[0052] When both the FTO and the INSIG2 genotypes of each patient were
considered together as a compound genotype (ie, AA/CC, AA/GC, AA/GG, AT/CC,
AT/GC, AT/GG, AA/CC, AA/GC, and AA/GG), patients who were double homozygotes
for the obesity-risk alleles (AA/CC) were found to have significantly higher BMIs

(P < .01, Bonferroni corrected). Those who were FTQ homozygous and INSIG2
heterozygous (AA/GC) or F7TO heterozygous and INSIG2 homozygous (AT/CC) for
obesity also had significantly higher BMIs. No significant association was found between
the compound FTO/INSIG2 genotypes and any of the lipid parameters (P > .10).

[0053]  An interesting pattern in mean BMI was found in the compound groups (Table
6). The mean BMI was about 4 kg/m? higher in the group homozygous for the obesity-
risk genotypes (AA/CC) and was about 3 kg/m’ higher in the homozygous/heterozygous
(AA/GC) and the heterozygous/homozygous (AT/CC) groups compared with the other

compound genotype groups. This is consistent with the contribution of an approximately
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1 kg/m” increase in BMI for each copy of the FTO A and INSIG2 C obesity sequences in
these groups. The association of at least 2 copies of 1 obesity SNP and at least 1 copy of
the other with increased BMI also suggests some degree of interaction between F70 and
INSIG2. However, biological factors appear to influence the observed data, because the
group homozygous for normal weight/obesity (TT/CC, respectively) was approximately 2
kg/m? lower than the group homozygous for obesity/normal weight (AA/GG,

respectively) and about 6 kg/m” lower than the group homozygous for obesity (AA/CC).

Table 6. Mzan BMis of FTO/INSIG2 Compound Groups
[

FrojiNsicz
Genolype Class Genalype BMI {5D)
Normal weight/obesity T76C 4856 (5.6)
Normal weight/normal weight THGG 506 (7.
Hetarozygousinormal weight TAGG 506 (8.4)
Neormal weight/heterozygous /GG 507 8.2)
Heterozygousiheterozygous TAGC 50.8 {8.6)
Obesttynomal welght ANGE 5.9 (8.4
QbesityHeterozygous AA/GC 53.0 (8.3)
Heterozygous/Obesiy ATALC 535 (10.0)
Obesttyfobasity AAKC 544 {10.3)

Abbreviations: BMI, body mass index {calculated as welght in kiograms
divided by helght in meters squared); F70, fat mass and obasity assotiated
gene; INSHG2, Insulin inducad gene 2.

Discussion

[0054]  Obesity is a multifactorial condition, with substantial evidence supporting a
strong genetic component.47 Such genetic factors may influence therapies, including
bariatric surgery; thus, their identification may be important in guiding treatment.
Mutations in several genes have been found to be responsible for rare familial monogenic
forms of obesity, and a large number of genes have been analyzed in common sporadic
multigenic obesity.'* However, many studies of genes in common obesity have not been

replicated across different populations.”’
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[0055] The 2 obesity gene variants studied here, r$9939609 (F70) and rs7566605
(INSIG2), have previously been replicated in multiple, but not all, studies. For example,
the INSI(2 variant was firstreplicated in 4 separate cohorts composed of individuals with
Western European ancestry, African American individuals, and children,'* but later, it

was found to have both negative®® >

and positive'® associations in genetic analyses of
several thousand individuals. There have been fewer studies of the F70O variant, though
the data have been largely supportive of its association with BML'*2**° These
inconsistent results may be because the effect each SNP variant has on BMI is relatively
small and could be influenced by slight differences in population characteristics and
gene-gene and gene-environment interactions. Our results support the possibility that
gene-gene interactions are important, because the strongest association with BMI
occurred when both genes were analyzed together. No previous studies have examined
the combined effects of the FTO and INSIG2 SNPs in obesity.

[0056] Despite the large number of participants analyzed in studies examining the
association of BMI with either the INSIG2 or £70 SNPs, the populations have largely
comprised individuals with normal weight, overweight, and class I obesity (BMI > 30 and
< 35). The range of BMIs in most of the previous studies was less than 20 (~ 20-40)
compared with a range of more than 45 in our population (~ 40-88). However, the studies
showing an association between obesity and the INSIG2 SNP have tended to have
populations with higher BMIs.*® Similarly, an SNP in F70, near but different than the
SNP analyzed here, has been associated with BMI in a population of morbidly obese

adults.'®
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[0057]  The homozygous/homozygous, homozygous/heterozygous, and
heterozygous/homozygous compound FTO/INSIG2 SNP genotypes that were associated
with higher BMIs were present in less than 20% of the cohort, indicating that a potentially
large number of other genes that influence BMI in the morbidly obese are not yet
identified. Candidate genes include those previously associated with obesity in rare
monogenic forms of the condition and those involved in obesity based on cell biclogical
or animal model studies.*® However, few new sequence variants were found in previously
identified obesity candidate genes using a morbidly obese population similar to that
studied here.*® These results indicate that sporadic morbid obesity is likely to be
influenced by other, unidentified genes, not candidate genes selected by biological
inference.®%"%

[0058]  Other factors that may also affect the influence of genetic variants on morbid
obesity include sex and race, which were not addressed in the predominantly white
female population studied here. The prevalence of morbid obesity is higher in women
than in men and in individuals of African ancestry compared with white or Hispanic
individuals,” with the lowest prevalencein Asian persons.® Two of the studies that found
no association of BIMI with the INSIG2 genotype were conducted in patients with
primarily African ancestry.'>> Data from the International HapMap Project indicate that
the high—obesity risk INSIG2 CC genotype was present at a higher frequency in the
Japanese and Han Chinese populations analyzed than in the European and African
groups.61 In contrast, the high—obesity risk FTO AA genotype was present at a lower

frequency in the 2 Asian populations compared with the European and African groups.
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These data suggest that the effects of the 2 obesity SNPs may not be similar in all racial
groups and that further studies will be needed to address other populations.

[0059] A limitation of association studies is that potential causative mechanisms
cannot be identified, thus the potential pathophysiological role(s) of the FTQ and INSIG2
genes in morbid obesity are notknown; INSIG2 codes for an endoplasmic reticulum
protein that regulates the movement of sterol regulatory element, binding proteins to the
Golgi apparatus and regulating the synthesis of fatty acid and cholesterol.'®
Overexpression of Insig2 in the liver of rats reduced plasma triglyceride levels.'” Despite
this clear involvement in lipid metabolism, no association between common lipid
parameters and the INSIG2 (or FTO) SNPs was found here. However, medication use was
not accounted for in the analysis, thus the effects of lipid-lowering agents may have
affected the phenotypes of those genetically predisposed to dyslipidemia. The function of
the protein product of F70 has not yet been elucidated. Mice with the Fro syntenic fused
toes mutation manifest developmental defects.®*%*

[0060] How the SNPs in INSIG2 and #70 alter the function of their respective RNAs
and/or proteins, increasing the risk for higher BMI in the morbidly obese, is not yet
known. The INSIG2 SNP is located about 10 000 base pairs upstream from the coding
region, so it is likely involved in regulating the level of RNA and therefore the amount of
protein produced. The FTO SNP is located in the first intron of the gene and also
presumably affects levels of its RNA and protein. Future studies will be required to

determine the molecular mechanism through which the specific DNA sequences, ie, A

and T for F70 and G and C for INSIG?2, affect the genes' functions. Our results indicate
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that the 2 genes may interact, suggesting that the physiological pathways in which each is
involved may be linked in some way.

[0061]  Surgical treatment for morbidly obese patients results in greater weight loss
than medical treatment does.! Bariatric surgery has also been associated with increased
life expectancy compared with the risk of surgical mortality and potential length of
effectiveness.®® Recent data on the long-term effectiveness of bariatric surgery on BMI*
suggest that, for most patients, BMI will be maintained substantially below preoperative
levels, though some patients regain weight and relapse toward morbid obesity, Genetic
susceptibility alleles that overcome the results of the Roux-en-Y gastric bypass surgery,
have been investigated for several candidate genes in laparoscopic adjustable-band
therapy and laparoscopic mini-gastric bypass.’” % The identification of such
susceptibility genes is therefore important in identifying patients at high risk for
postoperative weight gain. These studies may also represent some of the first specific
examples of "surgicogenomics," paralieling the well-developed field of

pharmacogenomics.®’

Example 2 — Association of FTO, INSIG2, MC4R, and PCSKI SNPs with BMI
[0062] It was hypothesized that SNPs that confer susceptibility to obesity are also
related to resistance to weight loss therapies. Genetic factors play an important role in
the regulation of body weight as well as in the development of obesity '2. In addition to a
Mendelian variants that ahave been associated with obesity ', common variants in
several genes have also been found through genome-wide association studies (GWAS).

One of the first SNPs related to BMI found through GWAS resides near the insulin

24



WO 2009/117415 PCT/US2009/037401

signaling protein type 2 (INSIG2) gene '* 1°

, involved in lipid and cholesterol metabolism
' and linked to obesity in rodents ', Another obesity SNP resides within the FTO (fat
mass and obesity associated) gene (rs9939609) ' '°, further validated through meta

20,21

analysis and other studies . Another large-scale meta-analysis of GWAS data

identified a SNP nearby the coding sequence of MC4R **. Rare coding mutations in the

224 Mutations in

MC4R gene are a leading cause of monogenic obesity in humans
PCSK1 also cause monogenic obesity, and a SNP producing a nonsynonymous variant
was associated with obesity in adults and children of European ancestry.
[0063] It was hypothesized that common genetic variants that predispose patients to
obesity would also be related to less weight loss following gastric bypass surgery. The
association of genotypes of four obesity SNPs with weight loss from dietary regimens
and bariatric surgery was analyzed, and with behavioral and metabolic data, in a cohort of
severely obese patients.
Methods

A. Study Population
[0064]  All patients who were enrolled in the Bariatric Surgery Program of the
Geisinger Center for Nutrition and Weight Management were recruited into a clinical
research program in obesity*. A comprehensive medical history and physical
examination was performed during the initial visit. Patients undergo a pre-operative
assessment and preparation period during which a comprehensive set of clinical and
laboratory measures were obtained along with blood samples for serum and DNA
isolation. All patients who were enrolled in the bariatric surgery program were placed on

a 6-8 month pre-operative assessment and preparation period, that is designed to produce
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a weight loss of at least 3%, with a target of 10%, without the use of weight loss
medication. Patients were placed on a prudent diet with a 500-700 kcal deficit with
support that included individual and group sessions with monthly meetings and sessions
of nutrition and physical activity education and social support for four months. Patients
who failed to lose at least 3 percent of their body weight after 4 months on the
hypocaloric diet were prescribed a liquid diet. The liquid diet consisted of a high protein
shake instead of eating meals, and a very low calorie intake of ~1000 calories a day, with
a goal of rapid weight loss of about 3-4 pounds a week for the 2 months prior to surgery.
After completion of the pre-operative program, all patients underwent a Roux-en-Y
gastric bypass procedure. All patients were followed at 1-3 month intervals up to three
years after surgery. The Institutional Review Board of the Geisinger Clinic approved the
research protocol and all participants provided written informed consent,
Clinical data were extracted from the EpicCare EHR and read into SAS/STAT software
(SAS Institute Inc., Cary, NC) as described elsewhere %°.

B. Genotyping
[0065] DNA was extracted from 0.35 ml of EDTA anti-coagulated whole blood using
the Qiagen MagAttract DNA Blood Midi M48 Kit and Qiagen BioRobot M48
Workstation (Qiagen, Valencia, CA) according the manufacturer’s directions. The final
elution volume was 200 ul. For a small number of patients, blood was not available so
DNA was extracted from fixed liver tissue. Liver was first treated with proteinase K
(lug/ul) in 350 ul Qiagen Tissue Lysis Buffer and incubated at 55°C overnight.
Following digestion, samples were loaded to Qiagen BioRobot M48 Workstation and

extracted for DNA as described above for blood samples, Quantification of DNA
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extracted was performed using a NanoDrop ND-1000 spectrophotometer (NanoDrop
Technologies, Wilmington, DE).
[0066] Genotype analysis: Single nucleotide polymorphism (SNP) genotyping was
performed on an Applied Biosystems 7500 real-time PCR System (Applied Biosystems,
Foster City, CA). Assay reagents for each SNP were obtained from Applied Biosystems
(INSIG2, rs7566605, Assay ID: C__29404113 20; FTO, 159939609, Assay ID:
C_ 30090020 10; MC4R, rst7782313, C_ 32667060 10; PCSK1, 156235,
C 2841942 10). DNA was genotyped according to the manufacturer’s protocol.
Briefly, the reaction components for each genotyping reaction were as follows: 10 ng of
DNA, 5 pL of TagMan Genotyping Master Mix (Applied Biosystems, Foster City, CA),
0.25 pL of assay mix (40x), and water up to a total volume of 10 pL.. The thermocycler
conditions were as follows: 50° C for 2 min, 95° C for 10 min, and 40 cycles of 95°C
forl5 sec and 60° C for 60 sec. The reaction was then analyzed by Applied Biosystems
Sequence Detection Software.

C. Eating Behavior
[0067] Each subject completed a questionnaire based on the Diagnostic and
Statistical Manual of Mental Disorders, 4th edition, diagnostic criteria for binge-eating
disorder™" using the fully validated eating disorder questionnaire of Spitzer et al.””
(German translation’*). To validate the questionnaire data, a certified dietitian and a
psychologist conducted independent, semistructured interviews with each subject.
Finally, the physician specializing in obesity conducted a structured interview using this
questionnaire. Team members were unaware of the subjects' behavioral diagnosis and

genotype. Unanimity among all three professionals characterizing each subject's eating
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behavior was required for a diagnosis of binge eating. Diagnostic criteria for binge eating
included at least twice-weekly binge eating over a minimum of six months. A binge was
defined as rapid consumption of an unusually large amount of food in the absence of
hunger, causing the subject to feel embarrassed, depressed, or guilty and out of control.
There was no purging behavior. Subjects who did not fulfill all criteria for binge-eating
disorder, determined unanimously by the team, were described as "non-bingers."

D. Resting Energy Expenditure
[0068] Resting encrgy expenditure and diet-induced thermogenesis (defined as the
excess energy expended after a standard meal and expressed as a percentage of resting
energy expenditure) were determined from continuous indirect calorimetry for three
hours after the meal.

E. Statistical Analysis
[0069] A two-tailed significance level of 0.05 was used. SAS version 9.1 was used
for all data manipulations and statistical analysis. In initial analyses, graphical displays
and frequency distributions were constructed to describe the study population. Multiple
findings were evaluated for coherence and sense according to scientific plausibility,
rather than by focusing on individual p-values.
[0070]  For the bivariate analysis of type of dietary weight loss regimen with number
of homozygous obesity genotypes and with number obesity alleles, a Wilcoxon Rank
Sum test was used. In multivariate analysis, logistic regression models was used to
determine if dietary weight loss regimen is predicted by genotype pattern (i.e. number of
homozygous obesity genotypes and/or number of obesity alleles) after controlling for

other patient characteristics (i.e. gender, age, baseline BMI, ctc.). These approaches were
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selected because they enable the correlation of a dichotomous variable (i.e. dietary weight
loss regimen) with an ordinal variable (i.e. genotype pattern). This analysis technique
was used to compare the two dietary weight loss regimens of the pre-operative period
(i.e. prudent hypocaloric diet and liquid diet). For prudent hypocaloric diet weight loss
analysis, patients that lost at least 3% of body weight in the hypocaloric weight loss
program (expected to be N=1000) were compared versus patients that did not and are
prescribed the liquid diet intervention weight loss program (expected to be N=1000). For
analysis of the ~1000 patients who are patients that are resistant to the prudent
hypocaloric diet, the patients that are resistant to the liquid diet (expected N=600) were
compared versus patients that respond to the liquid diet (expected N=400). Asa
secondary analysis for this aim, the mean pre-surgery weight loss was correlated with
genotype data using linear regression.

[0071] For the outcome variable of percent excess body weight loss post-surgery, two
definitions were used based upon common clinical use. One outcome was due to
measure excess body weight loss as a single point at either 12 or 24 months post-surgery.
The mean percent excess weight loss at 12 and 24 months was be correlated with
genotype data (i.e. number of homozygous obesity genotypes and/or number of obesity
alleles) using a linear regression model. Overall F-tests, tests of trend, and pairwise
comparisons (after using a Bonferroni correction), were considered in the analysis. The
other outcome will be time until goal weight loss of at either 50%, 60% and/or 70%
excess body weight. The time until goal weight loss (i.e. loss of >50% of excess body
weight post-surgery), was correlated with genotype data using Kaplan-Meier survival

curves and Cox regression.
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Results

A. Patient characteristics
[0072] A total of 1062 caucasian patients with a mean age of 46.5 years and a mean
BMI of 50.1 mg/kg2 (Table 7) who underwent both a pre-operative weight loss regimen
and gastric bypass surgery were genotyped for the INSIG2, FTO, MC4R, and PCSK1
obesity SNPs. Data is thus available on dietary and surgical weight loss outcomes on the
same patient. Patients were categorized as homozygous obese if they were homozygous
for the obesity high risk allele for each SNP, heterozygous obese if they were carriers of
the obesity risk allele, and homozygous non-obese if they were homozygous for the low
risk allele. The frequencies of the minor alleles for each of the 4 obesity SNPs reported

28 were in good agreement with the results here . All 4 SNPs

for control populations®”
were found to be well within Hardy-Weinberg equilibrium ((INSIG2: p=0.66, FTO:
p=0.54, MC4R: p=0.73, PCSK1: p=0.73). The frequency of the SNP alleles is thus
consistent with an outbred mixed Caucasian/European population. Patients were also
categorized by how many homozygous SNP genotypes they had and by the total number
of obesity risk alleles they possessed whether in the homozygous or heterozygous
configuration. Less than one percent of the population had 3 or more homozygous

genotypes, while less than three percent carried 6 or more risk alleles,

Table 7: Demographic, anthropometric, and genotype characteristics of the study
population (N=1062).

Age Mean (SD) 46.5 (11.0)
Median [Range] 46 [18, 72]
Gender Female (%) 854 (80%)
Male (%) 208 (20%)
Ethnicity/Race White (Non-Hispanic) 1109 (100%)
Height, inches Mean (SD) 65.5 (3.5)
Weight, lbs Baseline, mean (SD) 307 (62)
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Surgery, mean (SD) 293 (60)
BMI, kg/m" Baseline, mean (SD) 50.2 (8.7)
Surgery, mean (SD) 47.9 (8.3)
Excess weight, lbs Baseline, mean (SD) 154 (56)
Surgery, mean (SD) 140 (53)
INSIG2* Homozygous obese (%) 136 (13%)
Heterozygous (%) 450 (42%)
Homozygous normal (%) 476 (45%)
FTO* Homozygous obese (%) 231 (22%)
Heterozygous (%) 518 (49%)
Homozygous normal (%) 313 (29%)
MCAR* Homozygous obese (%) 80 (8%)
Heterozygous (%) 401 (38%)
Homozygous normal (%) 581 (55%)
PCSK1* Homozygous obese (%) 87 (8%)
Heterozygous (%) 411 (39%)
Homozygous normal (%) 564 (53%)
# of homozygous obese genotypes | 0 (%) 623 (59%)
1 (%) 349 (33%)
2 (%) 85 (8%)
3 (%) 5(<1%)
# of obesity alleles 0 (%) 45 (4%)
1 (%) 158 (15%)
2 (%) 289 (27%)
3 (%) 293 (28%)
4 (%) 179 (17%)
5 (%) 73 (7%)
6 (%) 23 (2%)
7 (%) 2 (<1%)

*Test for deviation from Hardy-Weinberg equilibrium was not significant {(p>0.05)

B. Association with dietary weight loss
[0073] The association of the FTO, INSIG2, MC4R, and obesity SNPs with weight
loss outcomes from dietary interventions was determined. ** Patients were stratified by
genotype based upon the number of FTO, INSIG2, MC4R, and/or PCSK1 obesity SNPs
they carried, irrespective of dosage, thus patients had from 0-8 alleles (Table 8). The data
was also analyzed with respect to the number of homozygous SNPs they carried, thus

patients had from 0-4 homozygous genotypes. No relationship was present between
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either number of obesity alleles or homozygous obesity genotypes and the average

amount of weight lost from dietary interventions, consistent with other studies %, The

population was then further analyzed based upon whether the patients were placed on a

liquid diet following failure to lose weight on the initial program of a hypocaloric diet.

Table 8: Mean percent of excess weight loss prior to surgery by genotype (N=1062).

N Mean Weight Loss | p-value
(SD)

INSIG2 0.85'
Homozygous obese 136 8.8% (10.4)
Heterozygous 450 9.4% (9.6)

Homozygous normal 476 9.1% (9.5

FTO 0.39
Homozygous obese 231 9.1% (9.0)

Heterozygous 518 8.9% (9.9)
Homozygous normal 313 9.8% (5.8)

MC4R 0.85'
Homozygous obese 80 9.6% (8.9)

Heterozygous 401 9.3% (9.7)
Homozygous normal 581 9.1% (9.8)

PCSK1 0.87'
Homozygous obese 87 8.8% (11.7)
Heterozygous 411 9.4% (9.1)

Homozygous normal 564 9.1% (9.7)

# of homozygous obese genotypes 0.67°
0 623 9.5% (9.7)

1 349 8.5% (9.3)
2+ 90 9.9% (10.6)

# of obesity alleles 0.48°
0 45 9.3% (10.9)

1 158 9.8% (9.4)
2 289 9.3% (9.7)
3 293 8.6% (9.3)
4 179 9.5% (10.1)
5 73 8.2% (9.9)
6+ 25 11.3% (9.6)

# of obesity alleles (version #2) 0.80°
0 45 9.3% (10.9)

1-2 447 9.4% (9.6)
3-4 472 9.0% (9.6)
5+ 98 9.0% (9.9)

'One-way ANOVA; “Test for linear trend

32




WO 2009/117415 PCT/US2009/037401

C. Association with post-operative weight loss
[0074] A similar analysis was conducted using weight loss data at 12 months
following Roux-en-Y Gastric Bypass surgery calculated as excess body weight, an
estimate of fat mass used for assessing weight loss that is based upon based upon an
idealized BMI of 25 kg/m”. Patients were again stratified by genotype based upon the
number of FTO, INSIG2, MC4R, and/or PCSK1 obesity SNPs they carried (Table 9). In
contrast to diet-induced weight loss, a statistically significant trend was present between a
decreasing amount of excess body weight lost with increasing number of obesity SNP
alleles (p=; F-test statistic=). The data was also analyzed with respect to the number of
homozygous SNPs patients carried (Table 9), which also exhibited a statistically

significant trend (p=; F-test statistic=).
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D. Interaction of BMI and genotype on weight loss dynamics
[0075] The obesity SNPs analyzed are related to increased BMI, thus it was
determined whether BMI interacted with genotype to affect weight loss. The population
was divided approximately in half into a group with BMI<50 and a group with BMI>50,
the threshold for “super obesity”. The impact of genotype on weight loss during the 6
month pre-operative program and on weight loss up to 30 months post-operatively was
modeled for these two groups. Neither BMI nor genotype had an effect upon diet-
induced weight loss. However, a dramatic effect was present for post-operative weight
loss. Patients with 2+ homozygous genotypes (Figure 2} or 5+ obesity alleles (Figure 3)
experienced substantial weight gain following an initial steep post-operative weight loss.
These groups lost approximately 50% EBWL at 30 months after surgery, with a slope
indicating the potential further weight gain. In contrast, obesity SNPs were unrelated to
post-operative weight loss in patients with BMI>50. One hypothesis is that other genes
may blunt the effects of the common obesity alleles at the upper extremes of BMI.

E. Association with behavior and metabolism
[0076] Data relevant to eating bahavior and metabolism were available on a subset of
patients that were used to address potential mechanisms for how obesity SNPs may
impact weight loss. The four obesity SNPs were analyzed in relation to binge eating
behavior as diagnosed using the Questionnaire on Eating and Weight Patterns-Revised
(QEWP-R)*. A total of 120 (18%) patients were classified as manifesting binge-eating
behavior (Table 10). No association was found with additive, recessive, dominant, or

allelic models for FTO, MC4R, or PCSK1. For INSIG2, however, an increased
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frequency of binge eating was found with both additive (not shown) and recessive models

(Table 10) for the homozygous obesity genotype.

Table 10. Frequency of Obesity SNPs and QEWP-R Eating Behaviors

Gene (SNP) Genotype N Eating behavior P value*
Normal Episodic Binge cating
overeating
no. (%) no. (%)
no. (%)
INSIG2 CC (Homozygous obesity) 87 53 (61%) S (10%) 25 (29%) 0.013
(rs7566605) | C/X (Heterozygous obesity or 578 | 386 (67%) 97 (17%) 95 (16%)
homozygous normal)
FTO AA (Homozygous obesity) 146 95 (65%) 27 (18%) 24 (16%) 0.59
(159939609) | A/X (Heterozygous obesity or 519 | 344 (66%) 79 (15%) 96 (19%)
homozygous normal)
MC4R CC (Homozygous obesity) 57 34 (60%) 10 (18%) 13 (23%) 0.53
(rs17782313) | C/X (Heterozygous obesity or 608 | 405 (67%) 96 (16%) 107 (18%)
homozygous normal)
PCSK1 CC (Homozygous obese) 56 33 (59%) 14 (25%) 9 (16%) 0.15
(rs6235) C/X (Heterozygous obesity or 609 | 406 (67%) 92 (15%) 111 (18%)
homozygous normal})

*P value based upon Chi-square test. All 4 SNPs were genotyped using Applied Biosystems Tagman SNP
Genotyping assays and did not deviate from Hardy-Weinberg equilibrium (P>0.05).

[0077]

resting energy expenditure (REE) was measured using indirect calorimetry in 536

To determine whether genotype was associated with altered basal metabolism,

patients. The results are shown in Table 11, The INSIG2 SNP may be associated with an

obesity related eating behavior and not with a differences in basal metabolism, as

suggested by Chung and Leibe

13]
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Table 11: Mean resting energy expenditure (REE) prior to surgery by genotype (N=847
with non-missing values).

N | Mean (SD) | p-value

INSIG-2 0.030°
Homozygous obese 101 | 2518 (585)
Heterozygous 364 | 2528 (774)
Homozygous normal 382 | 2395 (688)

FTO 0.56'
Homozygous obese 189 | 2512 (724)
Heterozygous 395 | 2465 (741)
Homozygous normal 263 | 2438 (677)

MC4R 0.20'
Homozygous obese 60 | 2531 (735)
Heterozygous 318 | 2411 (689)
Homozygous normal 469 | 2496 (733)

PSK1 0.42'
Homozygous obese 74 | 2525 (806)
Heterozygous 332 | 2429 (703)
Homozygous normal 441 | 2486 (713)

# of homozygous obese genotypes 0.24°
0 496 | 2431 (712)

1 281 | 2513 (743)
2+ 70 | 2539 (642)

# of obesity alleles 0.25°
0 36 | 2398 (522)

1 135 | 2474 (715)
2 226 | 2416 (735)
3 225 | 2472 (730)
4 149 | 2506 (740)
5 58 | 2555(693)
6+ 18 | 2508 (642)

# of obesity alleles (version #2) 0.27°
0 36 2398 (522)

1-2 361 | 2438 (727)
3-4 374 | 2486 (733)
5+ 76 | 2544 (678)

'One-way ANOVA,; “Test for linear trend

Discussion

[0078]  This study sought to determine whether previously identified SNPs known to
be associated with obesity were related to weight loss outcomes from a short-term dietary

program and following bariatric surgery. An increasing number of obesity alleles of four
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obesity genes (INSIG2, FTO, MC4R, and PCSK 1) were associated with decreased
weight loss following bariatric surgery, with no association found with dietary weight
loss. The effect of genotype is not present in patients with BMI >50. In addition,
homozygosity for the INSIG2 obesity SNP was associated with binge eating behavior,
with no relationship of genotype found with basal metabolic rate,

[0079]  The results indicate that obesity SNPs that are associated with weight loss
from bariatric are not associated with dietary/weight loss interventions. Previous studies
have focused primarily on individual obesity SNPs and their relationship to
dietary/lifestyle weight loss. Homozygosity for the INSIG2 obesity SNP was found to be
associated with lower weight loss in a lifestyle intervention program in children®.
During a 4-year follow-up, the FTO obesity SNP did not modify the of magnitude of
weight reduction during a long-term lifestyle intervention in the Finnish Diabetes
Prevention Study (DPS)>. In 1,466 German subjects®® with increased risk for type 2
diabetes, there was also no influence of the FTO polymorphism on changes in body
weight or fat distribution during a lifestyle intervention. Children with certain MC4R
mutations were able to lose weight in a lifestyle intervention program but had much
greater difficulties to maintain weight loss>>. In aggregate these studies are consistent our
results that obesity alleles are not associated with dietary/lifestyle weight loss.

[0080]  Several previous studies have also examined candidate genes in relation to
bariatric surgery. Weight loss at the 6-month follow-up after laparoscopic gastric
banding was related to polymorphisms in interleukin 6 (IL.6) and UCP2 genes in a study
of 167 patients *®. UCP2 SNPs were also related to weight loss outcomes following

gastric banding and gastric bypass in a study of 304 patients and 304 controls *’. Neither

39



WO 2009/117415 PCT/US2009/037401

a UCP3 promotor nor a tumor necrosis factor (TNF) alpha polymorphism were related to
weight loss outcomes 1 year after biliopancreatic diversion in studies of 40 morbidly
obese patients >, Similarly, SNPs in two g protein genes, GNB3 and GNAS1 were not
related to weight loss following gastric banding in a study of 304 patients *°. These
studies studies suffer from small sample size, as well as short length of follow-up. Qur
study supports a polygenic contribution to weight gain following baraitric surgery.
[0081] The effect of BMI on the association of the obesity SNPs with post-operative
weight loss was unexpected. The common obesity variants were not implicated in weight
loss in “super obese” patients. The patients at this extreme BMI may represent a group
that is affected by other as yet unkown genetic factors that over-ride the contribution of
the common variants. For example, rare loss of function mutations in the MC4R gene
may be present in adult extremely obese patients*™® . Alternatively, the “super obese” may
be influenced by some as yet unidentified environmental factors.

f[0082] The mechanism by which obesity alleles affect BMI may also impact weight
loss. An FTO obesity risk allele (rs8050136) was significantly associated with higher
energy intake during dietary restriction, but not with resting energy expenditure®'. In
another study, an FTO obesity SNP was related to energy intake and preference for foods
of high caloric density in 76 children, but was not associated with resting energy
expenditure (REE) ,**. In a large Danish study, an interaction between the FTO
159939609 genotype and physical activity was found®. Binge eating was initially found
to be a major phenotypic characteristic of subjects with a mutation in MC4R* | although

40,45

subsequent studies have not found such an association™ ™. Our data indicate that binge

eating may be a factor because of the association in patients homozygous for the INSIG2
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obesity SNP. Further studies will be required to delineate the mechanisms underlying the
influence of obesity genes on weight loss following bariatric surgery.

[0083] Insummary, the association between genetic variants in four genes related to
obesity and weight loss from either dietary or surgical interventions was evaluated. An
accumulating allele burden was associated with poorer outcomes following bariatric

surgery in patients with BMI<50.
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WHAT IS CLAIMED IS:

1. A method for determining a patient’s resistance to weight loss, comprising:
obtaining a sample from a patient containing nucleic acid,
isolating the nucleic acid from said sample;

determining the residue present at single nucleotide polymorphism identified by
identification numbers rs7566605, rs9939609, rs17782313 and rs6235 for each allele of
the single nucleotide polymorphism; and

obtaining a total number of obesity alleles by summing the number of times a C
residue is present at 1s7566605, an A residue is present at 1$9939609, a C residue is
present at rs17782313 and a C residue is present at rs6235;

wherein, if the total number of obesity alleles is from 5 to 8, the patient is
determined as being resistive to weight loss.

2. The method of claim 1, wherein the sample is a bodily fluid sample.

3. The method of claim 2, wherein the bodily fluid sample is blood.

4, The method of claim 1, wherein the sample is a tissue sample.,
5. A method for determining a suitable type of bariatric surgery to treat a patient,
comprising:

obtaining a sample from a patient containing nucleic acid,
isolating the nucleic acid from said sample;

determining the residue present at single nucleotide polymorphism identified by
identification numbers rs7566605, rs9939609, rs17782313 and rs6235 for each allele of
the single nucleotide polymorphism; and

obtaining a total number of obesity alleles by summing the number of times a C
residue is present at rs7566605, an A residue is present at rs9939609, a C residue is
present at 1s17782313 and a C residue is present at rs6235;

wherein, if the total number of obesity alleles is from 0 to 4, the patient is
determined as being suitable for standard bariatric surgery; and wherein if the total
number of obesity alleles is from 5 to 8, the patient is determined as being suitable for a
highly malabsorptive procedure.

6. A method for determining a patient’s resistance to weight loss, comprising:

obtaining a sample from a patient containing nucleic acid;
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isolating the nucleic acid from said sample;

determining the residue present at a single nucleotide polymorphism identified by
identification numbers rs7566603, rs9939609, rs17782313 and rs6235 for cach allele of
the single nucleotide polymorphism; and

obtaining a total number of homozygous obese genotypes by summing the
number of times both of the patient’s alleles have a C residue at rs75666035, both of the
patient’s alleles have an A residue at rs9939609, both of the patient’s alleles have a C
residue at rs17782313 and both of the patient’s alleles have a C residue at rs6235;

wherein, if the total number of homozygous obese genotypes is from 2 to 4, the
patient is determined as being resistive to weight loss.

7. A method for determining a patient’s resistance to weight loss, comprising:
obtaining a sample from a patient containing nucleic acid;
isolating the nucleic acid from said sample;

determining the residue present at one or more single nucleotide polymorphism
selected from the group consisting of single nucleotide polymorphism identified by
identification numbers rs7566603, rs9939609, rs17782313 and rs6235 for each allele of
the single nucleotide polymorphism; and

ascertaining whether the single nucleotide polymorphism cluster shows a
homozygous obese genotype by determining whether both of the patient’s alleles have a
C residue at rs7566605, both of the patient’s alleles have an A residue at r$9939609, both
of the patient’s alleles have a C residue at rs17782313 or both of the patient’s alleles have
a C residue at rs62335;

wherein, if the patient has a homozygous obese genotype at the selected cluster,
the patient is determined as being resistive to weight loss.

8. A method for determining a patient’s resistance to weight loss, comprising:
obtaining a sample from a patient containing nucleic acid,
isolating the nucleic acid from said sample;

determining the sequence of a nucleic acid comprising SEQ ID NO: 1, the
sequence of a nucleic acid comprising SEQ ID NO: 2, the sequence of a nucleic acid
comprising SEQ ID NO: 3, and the sequence of a nucleic acid comprising SEQ ID NO:
4; and

obtaining a total number of obesity alleles by summing the number of times a C
residue is present at position 11 of SEQ ID NO:1, an A residue is present at position 11
of SEQ ID NO:2, a C residue is present at position 11 of SEQ ID NO:3 and a C residue is
present at position 11 of SEQ ID NO:4;

wherein, if the total number of obesity alleles is from 5 to 8, the patient is
determined as being resistive to weight loss.
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9. The method of claim 8, wherein the sample is a bodily fluid sample.

10.  The method of claim 9, wherein the bodily fluid sample is blood.

11.  The method of claim 8, wherein the sample is a tissue sample.

12. A method for determining a patient’s susceptibility to binge eating, comprising:
obtaining a sample from a patient containing nucleic acid,
isolating the nucleic acid from said sample;

determining the residue present at a single nucleotide polymorphism identified by
identification numbers rs7566605 for each allele of the single nucleotide polymorphism;
and

ascertaining whether the single nucleotide polymorphism shows a homozygous
obese genotype by determining whether both of the patient’s alleles have a C residue at
1s7566605;

wherein, if the patient has a homozygous obese genotype at the selected cluster,
the patient is determined as being susceptible to binge eating.

13. A method for determining a patient’s metabolic rate or resting energy expenditure
or oxygen consumption (VO,), comprising:

obtaining a sample from a patient containing nucleic acid;
isolating the nucleic acid from said sample;

determining the residue present at a single nucleotide polymorphism identified by
identification numbers rs75666035 for each allele of the single nucleotide polymorphism;
and

ascertaining whether the single nucleotide polymorphism shows a homozygous
obese genotype by determining whether both of the patient’s alleles have a C residue at
rs7566605;

wherein, if the patient has a homozygous obese genotype at the selected cluster,
the patient is determined as being susceptible to having a low metabolic rate or resting
energy expenditure or oxygen consumption (VO,).
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