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Pharmacogenetics of Type 2 Diabetes Mellitus, the route toward tailored medicine.
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SUPPLEMENTARY MATERIAL
Suppl. 3. SUMMARY OF THE LITERATURE
a. Polymorphisms affecting metformin response
iii. Associations with nominal significance lacking replication (Supplementary Table 1)
Five variants in the SP1 locus (rs784892, rs2694855, rs2683511, rs10747673, rs784888) and a non-coding deletion near
GTF3A (chrl13:74559166:D) were significantly associated with MET clearance and HbAlc reduction in an elegant
study dedicated to evaluate the impact of infrequent genetic variants of transcription factors regulating MET
transporters on the efficacy of short-term (three months) MET treatment in T2DM patients and non-diabetic volunteers
of mixed ethnicities." The SNPs in the SP1 locus were shown to modulate MET pharmacokinetics, whereas GTF3A was
associated with both MET pharmacokinetics and pharmacodynamics. Several variants in PPARA and HNF4A loci (top
hit, respectively: rs149711321, and rs73111810) were associated with MET pharmacodynamics alone.*
The protein encoded by APOE is a major apolipoprotein of the chylomicron and non-HDL particles, essential for the
normal catabolism of triglyceride-rich lipoprotein constituents. The three main isoforms of APOE (APOE*2, *3 and *4)
are distinguished by the presence of two non-synonymous SNPs. The most common forms, APOE*3, has Cysl112,
Arg158 (rs7412 C, rs429358 T), APOE*2, which binds less effectively to cell surface receptors,® has Cys112, Cys158
(rs7412 T, rs429358 T), whereas APOE *4, that is strongly associated with Alzheimer disease across different
ethnicities,®* has Argl12, Argl58 (rs7412 C, rs429358 C). Recently, it has been demonstrated that APOE genotype
might modulate the response to combined therapy of MET and SUF among South Asian T2DM patients, with the *4
haplotype significantly associated with ~23% lower glucose levels at the two hours mark of the OGTT, and ~7%
decrease in systolic blood pressure.® In the same locus, but actually closer to the APOC1 gene, the polymorphism
rs4420638 was found non-influent for MET treatment response.®
Calpain 10 (CAPN10) was the first gene found to be associated with T2DM onset through linkage analysis.”® In a recent
pharmacogenetic study the CAPN10 synonymous variant rs3792269 Pro200Pro minor G-allele was significantly
associated with reduced MET treatment response.’
Serine racemase (SRR) is an enzyme which generates D-serine from L-serine. The intronic polymorphism rs391300 in
the SRR gene was found to be significantly associated with T2DM onset in the Taiwanese population,' and gestational
diabetes incidence in Chinese women.** Both studies suggested that SRR variant might modulate insulin and/or
glucagon secretion, but the association between rs391300 and T2DM onset could not be replicated in subsequent studies
performed on Chinese subjects."®*® Nevertheless, the therapeutic efficacy of MET seemed to be increased in carriers of

the SRR rs391300 A allele.*?
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The protein product of IL1B is a member of the interleukin 1 cytokine family (IL-1beta), primarily produced in blood
monocytes as mediator of the acute inflammatory response. It has been demonstrated that IL-1beta levels can regulate
glucose homeostasis with an insulin-independent mechanism, possibly centered in the hypothalamus.** The non-coding
variant rs1143623, located ~1-5 kb upstream IL1B was identified as one of the contributing factors for the glucose-
lowerng efficacy of MET in overweight and obese Chinese patients with T2DM, together with the intergenic SNP
rs10783050.° The polymorphism rs10783050 falls within a large region enriched in non-coding genes such as the
ribosomal protein L7 pseudogene 9 (RPL7P9) and the eukaryotic translation elongation factor 1 alpha 1 pseudogene 11
(EEF1A1P11).%

GLIS3 belongs to the GLI-similar zinc finger protein family and is specifically involved in the development of
pancreatic beta cells, thyroid, eye, liver, and kidney. Mutations in this gene have been associated with neonatal diabetes
with congenital hypothyroidism. The DPP follow-up study found no association between the intronic SNP rs7034200
and T2DM incidence, although it had been found to be associated with glucose homeostasis and development of T2DM
in the past.’®*® What the DPP analysis highlighted, instead, was that carriers of the rs7034200 A allele in the MET
treatment arm of the study exhibited significantly increased fasting insulin levels after ~3-2 years of follow-up.*®
PPARGCLA, a transcription factor co-activator involved in mitochondria biogenesis and adaptive thermogenesis, has
recently been proposed as the molecular mediator of MET intracellular effects, downstream AMP-activated Protein
Kinase (AMPK).* One study performed on a large multi-ethnic cohort of non-diabetic subjects with elevated fasting
glucose and IGT has observed that the intron variant rs2970852 at PPARGC1A modulated triacylglycerol
concentrations following one year of MET treatment.®® A smaller study found no association between the intronic
variant rs10213440 and MET efficacy in T2DM patients.’

Two GWAs have reported that variations at the diacylglycerol (DAG) kinase beta isotype - DGKB (namely rs17168486,
at the 5° UTR, and rs2191349, intergenic) increase the risk of T2DM and quantitative intermediate traits in non-diabetic
individuals.'"*®?! When evaluating the effects of rs2191349 in the large DPP trial, carriers of the G allele in the MET
treatment arm exhibited significantly increased fasting insulin levels, after an average of 3-2 years follow-up.*®
SLC22A4 encodes the Organic Cation Transporter Novel type 1 (OCTN1), which has ~30% homology with OCT1 and
OCT2.22 OCTNL1 has an inverse U-shaped dose-dependent association kinetic with MET, and participates to MET
absorption in the small intestine.?® The non-synonymous polymorphism rs272893 11e306 Thr was found to significantly
alter the pharmacokinetic parameters of MET.?* Nevertheless, when genetic variance of SLC22A4 was compared to
several polymorphisms in SLC22A1, SLC22A2, SLC22A3, and SLC47A1, none of them,” or only SLC22A1 appeared

able to modulate MET pharmacokinetic.?®
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Melanocortin 4 receptor (MC4R) is mainly expressed in the brain and is involved in appetite regulation. Two intergenic
polymorphisms, rs17066859 and rs9966412, respectively upstream and downstream MC4R resulted associated with less
short-term weight loss in the MET arm of the DPP study.*’

b. Polymorphisms affecting sulfonylureas/meglitinides response

ii. Associations with nominal significance lacking replication (Supplementary Table 2)

The gene CDKAL1 (cyclin dependent kinase (CDK) 5 regulatory subunit associated protein 1 like 1) encodes for a
methylthiotransferase protein that stabilizes the tRNA codon-anticodon interaction for decoding the lysine triplets
“AAA” and “AAG”. Its role in T2DM onset has not been clarified yet, but several evidences have demonstrated the
association of genetic variation at the CDKAL1 locus with insulin secretion and susceptibility to T2DM, % suggesting
that CDKAL1 might be involved with beta-cell function and survival. In support of this theory, the intronic
polymorphisms rs10946398, rs7754840, and rs7756992 have been linked to reduced KATP response to SUF in a
Russian diabetic cohort.* The higher risk CDKAL1 haplogenotypes, comprising any combination between the CCA,
CGG and CCG haplotypes associated with increased risk of T2DM, showed significantly reduced changes in fasting
glucose compared to the carriers of other CDKALL variants after treatment with meglitinides. Addionally, diabetic
subjects carrying the higher risk CDKALL haplogenotypes showed significantly lower changes in insulin levels at the
two-hours mark of the OGTT when treated with SUF as compared to the other genotypes.**
The member 8 of the solute carrier family 30 (SLC30AS8) is a zinc efflux transporter, highly expressed in the pancreas
and involved in the insulin secretory pathway in beta-cells. The coding sequence of SLC30A8 possesses few non-
synonymous common variants. One of these polymorphisms, rs13266634 Arg325Trp, has been reportedly associated to
T2DM onset at a genome wide level in Asian and Caucasian populations.***” Chinese T2DM patients carrying the
rs13266634 T allele exhibited a greater increase in fasting and postprandial serum insulin levels after an eight-week
repaglinide treatment, while patients carrying the rs16889462 GA genotype exhibited enhanced repaglinide efficacy on
fasting and postprandial plasma glucose and HbAlc as compared with carriers of the GG genotype.*® By contrast, no
association between the rs13266634 polymorphism and repaglinide response after 48 weeks of treatment was observed
in a cohort of newly diagnosed T2DM Chinese patients.*
ABCAL belongs to the ABC1 subfamily of the ATP-binding cassette (ABC) transporters; its pharmacogenetics
involvement with SUF has been suggested because a non-synonymous polymorphism, exclusive to the Native
Americans, rs9282541 Arg230Cys, was found impairing the efficacy of glibenclamide (as termed glyburide) in T2DM
patients.*’
As previously discussed in paragraph suppl.3.a.iii, APOE is an apolipoprotein involved in the catabolism of cholesterol

transport lipoproteins. In a large cohort of South Asian T2DM patients the APOE*4 dyplotype, defined by the presence
4
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of Arg112 and Argl58 (rs7412 C, rs429358 C), was associated with reduced 2-h post-load glucose levels during an
OGTT and systolic blood pressure after combined treatment with MET and SUF.°

The insulin-like growth factor (IGF) 2 binding protein 2 (IGF2BP2) gene encodes for an IGF-2 mRNA-binding protein
which stabilizes IGF2 in the nucleus by binding its 3’UTR. The association between IGF2BP2 and T2DM has been

demonstrated in GWAS*® and smaller case-control studies***°

conducted in populations of different ethnicities. In
carriers of the rs1470579 AA genotype of IGF2BP2 the effect of repaglinide on fasting and postprandial plasma glucose
was significantly higher as compared with AC+CC genotype carriers.”®® However, in carriers of the GT+TT
genotypes of rs4402960 the effect of repaglinide treatment on postprandial insulin levels was significantly higher as
compared with individuals with the GG genotype.>**?

The UCP2 gene encodes for the mitochondrial uncoupling protein 2 which works as a metabolic sensor. Many studies
have demonstrated that common polymorphisms in UCP2 gene are involved in the pathogenesis of T2DM and in the
response to pharmacological treatment.”* rs659366 is a common non-coding polymorphism located nearby UCP2
5’UTR (-866G/A) in a region enriched with regulatory elements. The -866G/A polymorphism, has been associated with
higher UCP2 mRNA levels, reduced insulin secretion, increased T2DM risk, and higher incidence of insulin

52025354 |ndeed, carriers of the GG genotype exhibied a greater reduction in fasting glucose and HbAlc in

therapy.
response to repaglinide treatment, as compared with carriers of the A allele.> In addition, Japanese subjects with T2DM
carrying the GG genotype needed insulin therapy significantly later after onset of diabetes than those carrying the A
allele.>

PAX4 encodes for the 4™ member of the paired box family of transcription factors. In mouse models PAX4 expression
regulates the early stages of beta-cell differentiation.® The non-synonymous variant rs114202595 (Arg121Trp), has
been associated with first-phase insulin secretion with homozygous Trp/Trp carriers exhibiting a marked impairment in
the acute insulin secretion in response to glucose.>” In Chinese T2DM patients, carriers of the Trp121 variant exhibited
an attenuated effect of repaglinide on postprandial glucose levels.® The NEUROD1 gene encodes for a basic helix-
loop-helix transcription factor, which is expressed in beta-cells and, similarly to PAX4, plays an important role in the
endocrine pancreas development.® The non-synonymous polymorphism rs1801262 (Ala45Thr), which is located within
the coding region of NEUROD1 has been associated with first-phase insulin secretion with homozygous Thr/Thr
carriers exhibiting an impairment in the acute insulin secretion in response to glucose.® In Chinese T2DM patients,
carriers of the Thr45 variant exhibited an attenuated effect of repaglinide on fasting and postprandial glucose levels.*
As previously reported (paragraph suppl.3.a.iii) calpain 10 is a cysteine protease associated with T2DM onset.*®®

Obese subjects carrying the risk genotype AA at rs3792267 showed a 4-fold increased risk of failure to sulphonylurea

and metformin as compared with subjects carrying the GA genotype (OR=4-69, 95% CI: 1-15-20-59) in a cross-
3)



© o0 ~N oo o B~ O w N

W W N N N DD DD DN DD DD P PR PR, R, R, R R
, O © 00 ~N o o »~ W N P O © 0o N oo 0o w N+ o

sectional study performed in Mexican patients with T2DM.% In vitro experiments on human islet have demonstrated
that the intronic polymorphism rs3792267 enhances glucose-induced insulin secretion, albeit the SNP has no effect on
glibenclamide-stimulated insulin secretion.®®
The peroxisome proliferator-activated receptors (PPARs) have unique functions in the regulation of energy
homeostasis, and PPAR delta (PPARD) regulates fatty acid catabolism. Recently, a role for PPARD in the modulation
of insulin secretion and insulin resistance has been proposed.* In a study performed in Chinese T2DM patients,
heterozygous carriers of the TC genotype of the non-coding polymorphism rs2016520 located in the 5’UTR of PPARD
exhibited a significantly lower increase in postprandial serum insulin levels in response to repaglinide when compared
with the TT wild-type group.®*
The gene NAMPT encodes for the nicotinamide phosphoribosyltransferase, also called visfatin, secreted in the
bloodstream by adipocytes and associated with inflammation and cell survival. Experimental knockout of NAMPT in
animal models®™*®® have demonstrated that reduced NAMPT dosage corresponds to higher levels of plasma glucose,
decreased glucose tolerance and glucose-stimulated insulin secretion. In Chinese T2DM patients, it has been reported
that carriers of the CT genotype of a non-coding SNP located upstream NAMPT, rs11977021 (-3186C/T) exhibited a
lower response to repaglinide effects on postprandial insulin levels, and total cholesterol as compared with patients
carrying the CC and TT genotypes.®’
The cytochrome P450 oxidoreductase (POR), required for the normal function of all the members of the CYP family..
The most common polymorphism in POR is rs1057868 (Ala503Val), defined as POR*28, which influences the electron
binding moiety of POR.%®*% pOR*28 allele was not associated with SUF-induced hypoglycemia, but in presence of
POR*28, T2DM carriers of CYP2C9*2 showed an increased risk of hypoglycemia in response to SUF (OR: 3-218, 95%
Cl 1.116-9-283; P=0-031).%"

c. Polymorphisms affecting thiazolidinediones response

ii. Associations with nominal significance lacking replication (Supplementary Table 3)

Tumor necrosis factor oo (TNFa) is a multifunctional pro-inflammatory cytokine mainly secreted by macrophages. A
study performed on T2DM Chinese patients has reported that the common genetic variant rs1800629 (-308G/A), which
falls in a non-coding region less than 0-5 kb upstream TNFA gene, was associated with greater effect of ROSI in
reducing fasting insulin levels.” In T2DM patients, the same polymorphism was also found to be associated with
decreased TNFA mRNA expression, and reduced alkaline phosphatase activity in response to treatment with P10, which
suggested lower osteoblastic activity.
Leptin is a hormone encoded by LEP gene mainly in the adipose tissue involved in the regulation of body weight.

Genetic variation in the LEP locus has been associated with severe obesity and leptin dysfunction. Evidences obtained
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in Chinese patients with T2DM have demonstrated that the common polymorphism rs7799039 (-2548G/A), located
~2-5 kb upstream LEP, is associated with better response to ROSI therapy.” Indeed, patients with the AA genotype of
leptin -2548G/A exhibited an enhanced effect of ROSI on fasting and postprandial serum insulin as compared with
carriers of the G allele.”

The gene ADORAL encodes for an adenosine receptor that belongs to the G-protein coupled receptor 1 family, highly
expressed in adipose tissue. ADORAL activation leads to the inhibition of lipolysis within the adipocytes.” The intronic
variant rs903361 has been associated with a greater increase in BMI after treatment with P1O or ROSI in a small cohort
of T2DM patients.”

KCNQ1 is the potassium voltage-gated channel subfamily Q member 1, which constitutes the pore-forming a subunit of
the K* channel required for the repolarization phase of the cardiac action potential. Carriers of the KCNQ1 intronic
polymorphism rs2237897 undergoing treatment with ROSI have been reported to exhibit a greater decrease in 2-h post-
load glucose levels during an OGTT."

The product of lipin 1 (LPIN1) gene, has been involved in triglyceride synthesis and plays a pivotal role as a nuclear
transcriptional coactivator in adipocyte differentiation and lipid metabolism. Although LPIN1 polymorphisms were
shown to have no impact on ROSI ability to reduce HbAlc in patients with T2DM,® the intronic variant rs10192566
was found to be significantly associated with enhanced response to ROSI treatment, with carriers of the G allele
showing a decrease in fasting plasma glucose, 2-h postprandial glucose, and HbA1lc.”’

The gene AQP2 is known to encode for the aquaporin 2, a vasopressin-regulated water channel localized in the
collecting tubules of the kidney that contributes to the water homeostasis.”® The AQP2 rs296766 SNP, falling within the
3°UTR, has been reported to modulate AQP2 mRNA stability” and has been associated with incident edema in T2DM
patients under TZDs therapy.”

The retinol binding protein 4 (RBP4) is secreted by the adipose tissue, and augmented circulating levels have been
associated with insulin resistance.?® The pharmacogenetics influence of two non-coding polymorphisms positioned
nearby the 5°UTR of RBP4 has been tested in a small group of T2DM patients undergoing treatment with ROSI.®* The
polymorphism rs3758539 was shown to reduce ROSI efficacy at lowering fasting plasma glucose and insulin levels,
whereas rs10882283 carriers exhibited enhanced ability of ROSI to reduce HbA1lc levels.®

As previously descripted (paragraph suppl.3.b.ii) the protein IGF2BP2 belongs to an mRNA-binding protein family that
modulates IGF2 mRNA localization, stability, and translation.?? Two intronic polymorphisms of IGF2BP2, rs1470579
and rs4402960, have been tested in association with PIO treatment efficacy in T2DM Chinese patients. Subjects
carrying rs1470579 C or rs4402960 T alleles showed reduced PIO lowering effects on 2-h post-load glucose levels

during an OGTT %2
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The enzyme encoded by PTPRD is member delta of the protein tyrosine phosphatase (PTP) family known to regulate a
variety of cellular processes including cell growth, proliferation and survival. Alterations in PTPRD sequence have been
related to impaired neural development, glucose homeostasis and risk of T2DM.**#*% |ndeed pharmacogenetic studies
on T2DM npatients of Chinese ethnicity have demonstrated that the intronic variant rs17584499 is associated with a
smaller post-prandial glycemic reduction in response to P10.%

It has been reported that T2DM patients carrying the GG genotype of the common non-coding polymorphism rs659366,
located in UCP2 (paragraph suppl.3.b.ii) promoter region, exhibited a greater reduction in postprandial serum insulin
and HbA1c as compared with carriers of the A allele after ROSI treatment for 12 weeks.>*

The gene ACE encodes the homonymous angiotensin-converting enzyme, which regulates blood pressure and fluid and
electrolyte balance by the proteolytic activation of angiotensin 1l, a potent vasopressor and aldosterone stimulating
peptide. In literature a large insertion of 288 bp within exon 15 of the gene ACE is designated as allele ACE I (rs4340).
In comparison to the wild-type ACE D, ACE | variant is usually associated with reduced ACE activity, thereby
resulting in lower angiotensin 11 levels.!” In T2DM Japanese patients carrying the ACE D allele, it has been
demonstrated that PIO treatment is associated with an attenuation in carotid intima media thickness (cIMT)
progression.®

NFATC2 gene encodes for the second member of the nuclear factor of activated T cells (NFAT) family. NFATs have
been implicated in the regulation of multiple cytokines expression and other molecules involved in the immune
response. The Diabetes Reduction Assessment with ramipril and rosiglitazone Medication (DREAM) trial, a large study
conducted in European populations designed to assess prospectively whether ROSI can reduce the incidence of diabetes
in individuals with impaired fasting glucose or IGT, has demonstrated the involvement of the intronic SNP rs6123045
in the occurrence of edema as an adverse event of ROSI treatment, although rs6123045 did not associate with T2DM
incidence or increased cardiovascular disease.® In the same study rs6123045 was not significantly associated with
ROSI-induced edema in an independent cohort of Latin American subjects cohort.*

The RETN gene, encodes the hormone resistin, whose levels have been linked to the incidence of metabolic disorders,
such as T2DM. Resistin gene expression is induced during adipocyte differentiation, according to adipose distribution
and gender.”® The genetic variant rs1862513 in the promoter of RETN has been related to increased serum resistin
concentrations and increased susceptibility to T2DM.* On the other hand, homozygous rs1862513 carriers (G/G
genotype) have been reported to exhibit lower fasting plasma glucose, HOMA index of insulin resistance, and HbAlc
levels after treatment with P10.%

MTHFR encodes the methylenetetrahydrofolate reductase, which catalyzes the production of 5,10-

methylenetetrahydrofolate, required to convert homocysteine to methionine. In the plethora of known common MTHFR

8
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variants, the non-synonymous MTHFR rs1801133 (222Val) allele has been associated with reduced MTHFR activity,
increased homocysteine levels and a concomitant progression of cIMT in Japanese patients with T2DM undergoing
treatment with P10.%
The first member of the solute carrier family 12 (SLC12A1) encodes for the Na"/K*/2CI" cotransporter 2 (NKCC2)
which is involved in the mechanisms of urine concentration through the modulation of CL", K" and Na* ion fluxes in the
collector tubes of the kidney.”*® The intronic SNP rs12904216 has been associated with SLC12A1 mRNA expression
and incident peripheral edema induced by treatment with TZDs in T2DM patients.”
Interleukiné (IL-6) is a pyrogenic cytokine primarily produced at sites of acute and chronic inflammation. Carriers of
the C allele of intronic variant rs1800795, which falls in a regulatory element enriched region, exhibited decreased 2-h
post-load glucose levels during an OGTT, but no differences in IL6 MRNA expression in blood leukocytes or bone
markers in T2DM patients undergoing P10 therapy.”
As previously reported (paragraph suppl.3.b.ii), SCL30A8 gene encodes for a zinc efflux transporter involved in the
mechanisms of insulin secretion. Recently it has been reported that the common rs13266634 (Arg325Trp) variant
affects insulin secretion in newly diagnosed T2DM patients treated with ROSI;* differently, treatment with TRO for 1
year did not show any influence from Arg325Trp.**
The beta-3-adrenergic receptor encoded by ADRB3 is involved in the regulation of lipolysis and thermogenesis. ROSI
therapy in carriers of the rs4994 (Trp64Arg) variant resulted in a greater reduction of circulating triglycerides together
with a weaker effect on reducing LDL levels and increasing adiponectin secretion.>
The LPL gene encodes for the lipoprotein lipase enzyme which is responsible for the breakdown of lipoproteins rich in
triglycerides. T2DM carriers of the LPL Ser447Stop (rs328) genotype have been found exhibiting a smaller reduction in
fasting plasma glucose following P10 therapy.*®

d. Polymorphisms affecting dpp-4 inhibitors/glp-1 receptor agonists response

iii. Associations with nominal significance lacking replication (Supplementary Table 4)

The intergenic polymorphism rs7202877 falls almost exactly in between two genes coding for the serine proteases
chymotrypsinogen B1 and B2 (CTRB1 and 2). This locus has been implicated in pancreatic cells metabolism and
survival by GWAs.* ¥ Carriers of the G allele of rs7202877 exhibited a smaller decrease in HbAlc after DPP-4
inhibitor treatment compared with TT carriers.”® By contrast, individuals carrying the G allele treated with a GLP-1R
agonist showed a response comparable to carriers of the TT genotype.”
A recent Japanese pharmacogenetic study has assessed the effects of two intronic variants, rs7754840 and rs7756992 of

CDKAL1 (paragraph suppl.3.b.ii), which had previously been found to be associated with increased T2DM incidence,
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and observed that carriers of at least one risk allele benefitted significantly more of DPP-4 inhibitors treatment
(rs7754840, and rs7756992).%
IL-6 (paragraph suppl.3.c.ii.) has been reported to promote insulin'® and GLP-1 secretion."™ Two non-coding SNPs

which had been previously identified as functional polymorphisms in East Asians,*%®:103

rs1800796 in a regulatory
element enriched region, and rs2097677, ~30 kb upstream IL6, were found to form a dyplotype that interacted with
exercise to modulate DPP-4 inhibitors efficacy in a small cohort of Japanese T2DM patients.’** Specifically, carriers of
rs1800796 G and rs2097677 A had significantly reduced risk of being non-responders to three months of treatment with
DPP-4 inhibitors, but only if they practiced moderate/intense physical activity.'*

The patatin like phospholipase domain containing 3 (PNPLAZ3) is a triacylglycerol lipase that mediates triacylglycerol
hydrolysis in adipocytes. The non-synonymous polymorphism rs738409 (Ile148Met) and several other variants within

1% circulating levels of hepatic enzymes'™® and non-alcoholic fatty liver

this gene have been associated with obesity,
disease (NAFLD)' at a genome-wide level. Recently, the risk allele (148Met) of rs738409 has been shown to
ameliorate the effectiveness of alogliptin in decreasing HbAlc, transaminase, total cholesterol, triglycerides and
hyaluronic acid, in patients with NAFLD and T2DM.*®

The DPP-4, is a membrane glycoprotein and a serine exopeptidase first and main responsible of the degradation of
incretins.’®° In stable human embryonal kidney (HEK293) cell clones expressing the DPP4 common non-
synonymous mutation rs147614497 (Arg623GlIn) it was demonstrated that, though PP-4 expression levels and
enzymatic activity were comparable to the wild-type, cells carrying 623GlIn exhibited a different glycosylation pattern,
and vildagliptin was significantly less effective.**!

The gene Wolfram syndrome 1 (WFS1) encodes the endoplasmic reticulum glycoprotein wolframin. Sequence
alterations in the gene are dramatically associated with Wolfram Syndrome, a genetic neurodegenerative disorder
characterized by juvenile-onset diabetes mellitus, progressive optic atrophy and deafness.**? In a large cohort of non-
diabetic European subjects, the intronic rs10010131 polymorphism was associated with lower insulin secretion during

an OGTT, and when GLP-1 infusion was combined with a hyperglycemic clamp.'?

When the replication of these
results was attempted in an independent study with similar settings, there was no evidence of an effect of rs10010131
on insulin secretion in response to GLP-1 infusion or GLP-1 concentrations in response to the OGTT.**

The synonymous variant rs1049353 (Thr453Thr) of the cannabinoid receptor 1 (CNRL1), previously associated to weight
loss in the literature," exhibited a dual effect in a small group of European obese T2DM patients treated with
liraglutide. The A allele ameliorated liraglutide effects on insulin sensitivity, whereas carriers of the wild-type G allele

showed an improvement in cholesterol levels upon liraglutide treatment. In both instances, anyway, the observed effects

were secondary to weight loss.*®
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Supplementary Table 1. Genetic variants that influence metformin therapy outcomes - Associations with nominal significance lacking replication
'Gene ISNP *Alleles | *Region | *Start Position (bp) Function Associated Traits | Adverse effect | References
intergenic | rs10783050 TIC 1p21.3 96571527 intergenic MET response 15
IL1B rs1143623 G/C 2q14.1 112838252 upstream_gene MET response 15%5
CAPN10 |rs3792269 AIG 2037.3 240592062 synonymous Pro200Pro MET response 9
PPARGC1A |rs2970852 CIT 4p15.2 23819900 intron TG 20
SLC22A4  [rs272893 G/IA 5g31.1 132327369 missense 11e306Thr MET PK 24
DGKB rs2191349 TIG 7p21.2 15024684 intergenic FPI 16
GLIS3 rs7034200 AIC 9p24.2 4289050 intron FPI 16
rs10747673 G/A 53361428 intergenic
rs2683511 Al- 53410696 intron
SP1 rs2694855 CIG 12913.13 53418654 intergenic MET PK 1
rs784892 CIT 53429100 .
rs784888 CIG 53430724 fntron
GTF3A - T/- 13g22.q 74559166 intron insertion/deletion | MET PK, MET PD 1
SRR rs391300 G/A 17p13.3 2312964 intron MET response 12
MC4R rs9966412 c 18¢21.32 00366702 intergenic Weight loss 27
rs17066859 G/A 60384030
rs429358 (*4) TIC 44908684 missense Cys158Arg
APOE 19913.32 - PPG, SBP — 5
rs7412 (*4) CIT 44908822 missense Cys112Arg verificarlo
HNF4A rs73111810 TIC 20913.31 44382249 intron MET PD 1
PPARA rs149711321 TIC 22013.31 46198138 intron MET PD 1

THUGO approved gene symbols

* dbSNP record from build 147/GRCh38/hg38 (where available); http://www.ncbi.nlm.nih.gov/snp/

MET: metformin, PD: pharmacodynamics, PK: pharmacokinetics, PPG: post-prandial or 2-h OGT Tplasma glucose, FPI: fasting plasma insulin, PPI: post-prandial or 2-h OGTT

plasma insulin, SBP: systolic blood pressure, TG: triglycerides.
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Supplementary Table 2. Genetic variants that influence sulfonylureas/meglitinides therapy outcomes - Associations with nominal significance lacking replication

'Gene SNP Alleles | *Region | *Start Position (bp) Function Associated Traits Adverse effect | References
rs10946398 A/C 20660803
. SUF response
CDKAL1 rs7754840 G/C 6p22.3 20661019 intron 34
rs7756992 AIG 20679478 SUF response, FPG
rs13266634 CIT 117172544 missense Arg325Trp FPI, PPI, Repaglinide response
SLC30A8 8024.11 - — 38
rs16889462 G/A 117172545 missense Arg325GIn | FPI, PPI, Repaglinide response, HbAlc
ABCAl rs9282541 CIT 9g31.1 104858554 missense Arg230Cys Glyburide response 40
rs429358 (*4) T/IC 44908684 missense Arg158Cys
APOE 19913.32 - PPG, SBP 5
rs7412 (*4) CIT 44908822 missense Arg112Cys
rs4402960 GIT 185793899 ) PPI, Repaglinide response
IGF2BP2 3027.2 intron — 50
rs1470579 A/C 185811292 FPG, PPG, Repaglinider esponse
UCP2 rs659366 G/IA 11q13.4 73983699 upstream gene Repaglinide response, FPG, HbAlc Secondary failure 54,55
NEUROD1 rs1801262 G/A 2031.3 181678728 missense Thr45Ala FPG, PPG, Repaglinider esponse 58
PAX4 rs114202595 G/A 7932.1 127614533 missense Arg121Trp Repaglinide response, PPG 58
CAPN10 rs3792267 G/IA 2037.3 240591757 intron Secondary failure 62
PPARD rs2016520 AIG 6p21.31 35411001 5'UTR PPI, Repaglinide response 64
POR rs1057868 (*28) CIT 7911.23 75985688 missense Ala503Val Hypoglycemia 69,70
NAMPT rs11977021 CIT 7922.3 106288069 intergenic Repaglinide response, PPG, TC 67

HUGO approved gene symbols

* dbSNP record from build 147/GRCh38/hg38 (where available); http://www.ncbi.nlm.nih.gov/snp/
SUF: sulfonylureas/meglitinides, HbAlc: glycated haemoglobin, FPG: fasting plasma glucose, PPG: post-load or 2-h OGTT plasma glucose, FPI: fasting plasma insulin, PPI:
post-load or 2-h OGTT plasma insulin, SBP: systolic blood pressure, TC: total cholesterol.
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Supplementary Table 3. Genetic variants that influence thiazolidinediones therapy outcomes - Associations with nominal significance lacking replication
'Gene SNP *Alleles | *Region | *Start Position (bp) Function Associated Traits Adverse effect | References
TNFA rs1800629 AIG 6p21.33 31575254 upstream gene ROSI response, FPI, Alkaline Phosphatase 71,72
LEP rs7799039 AIG 7932.1 128238730 upstream gene ROSI response, FPI, PPI 71
ADORAL1 | rs903361 CIT 1g32.1 203122146 intron BMI 74
KCNQ1 rs2237897 CIT 11p15.4 2837316 intron ROSI response, PPG 75
LPIN1 rs10192566 CIG 2p25.1 11750302 intron ROSI response, FPG, PPG, HbAlc 77
AQP2 rs296766 CIT 12913.12 49957170 3'UTR Edema 79
RBP4 rs10882283 AIC 10q23.33 93601207 5 UTR ROSI response, HbAlc 81
rs3758539 AIG 93601831 upstream gene ROSI response, FPG, FPI
IGF2BP2 ro4402960 il 3q27.2 165793899 intron P10 response, PPG 83
rs1470579 AIC 185811292

PTPRD | rs17584499 CIT 9p24.1 8879118 intron PIO response, PPG 86
UCP2 rs659366 CIT 11913.4 73983709 upstream gene ROSI response, PPI, HbAlc 51
ACE I/D rs4340 [288 bp] | 1g23.3 63488531 intron , insertion/deletion P10 response, cIMT 88
NFATC2 | rs6123045 CIT 20913.2 51502303 intron Edema 89
RETN rs1862513 CIG 19p13.2 7668907 upstream gene PIO response, FPG, HOMA-IR, HbAlc 92
MTHFR | rs1801133 CIT 1p36.22 11796321 missense Ala222Val cIMT, Homocysteine 88
SLC12A1 | rs12904216 AIG 15921.1 48231070 upstream gene Edema 79
IL6 rs1800795 G/C 7p15.3 22727026 intron P10 response, PPG 72
SLC30A8 | rs13266634 CIT 8g24.11 117172544 missense Arg325Trp ROSI response, Insulin secretion 39
ADRB3 rs4994 T/IC 8pl11.23 37966280 missence Trp64Arg TG, LDL, Adiponectin 51
LPL rs328 G/C 8p21.3 19962213 stop gained Ser447Stop P10 response, FPG 95

HUGO approved gene symbols
* dbSNP record from build 147/GRCh38/hg38 (where available); http://www.ncbi.nlm.nih.gov/snp/
P10: pioglitazone, ROSI: rosiglitazone, cIMT: carotid intima media thickness; HbAlc: glycated haemoglobin, FPG: fasting plasma glucose, PPG: post-load or 2-h OGTT plasma
glucose, FPI: fasting plasma insulin, PPI: post-load or 2-h OGTT plasma insulin, HOMA-IR: homeostasis model assessment of insulin resistance, LDL: low-density lipoproteins,
TG: triglycerides.
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Supplementary Table 4. Genetic variants that influence DPP-4 inhibitors/GLP1R Agonists therapy outcomes - Associations with nominal significance lacking replication

'Gene ISNP *Alleles | *Region | *Start Position (bp) Function Associated Traits Adverse effect | References
CTRB1/2 | rs7202877 GIT 16¢23.1 75213347 intergenic DPP-4l response, HbAlc 98
DPP-4 rs147614497 CIT 2024.2 162009260 missense Arg623GIn Vildagliptin response 111
WFR1 rs10010131 AIG 4pl6.1 6291188 intron PPI 113
CNR1 rs1049353 AIG 6915 88143916 synonymous Thr453Thr Insulin sensitivity, TC, BMI, Liraglutide response 116
rs2097677 AIG 22693220 intergenic
IL-6 7p15.3 - DPP-41 response 104
rs1800796 CIG 22726627 intron
PNPLA3 rs738409 CIG 22013.31 43928847 missense lle148Met HbALC, TC, TG, Transaminases, Alogliptin response 108
rs7754840 GIC 20661019 . .
CDKAL1 6p22.3 intron DPP-4i response 99
rs7756992 AIG 20679478

"HUGO approved gene symbols
* dbSNP record from build 147/GRCh38/hg38 (where available); http://www.ncbi.nlm.nih.gov/snp/
DPP-41: DPP-4 inhibitors, HbAlc: glycated haemoglobin, PPI: post-load or 2-h OGTT plasma insulin, BMI: body mass index/weight loss, TC: total cholesterol, TG:

triglycerides.
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