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Figure S1. Pancreatic islet responses to stimulation, Related to Figure 1

(a) Pancreatic islet RINmSF cells response to FGF stimulation. After overnight serum-deprivation,
cells were exposed for 15 minutes in serum-free media in the presence of heparin without or with the
non-FGFR selective FGF1, the FGFR2-selective FGF7, or the FGFR4-selective FGF19 ligands.



Signaling responses were tracked using the immediate FGFR substrate (pFRS2) and with MAPK
(pErk1/2). (b) RINmSF cells were treated with diazoxide (100 uM) or tolbutamide (100 uM) for 20
min. followed by 30 min. of glucose (20 mM) exposure as indicated. FGFR4-R388 cells show greater
inhibition to diazoxide but similar responses to tolbutamide compared to FGFR4-G388 cells. Values
represent mean+SEM from triplicate treatments in 2 separate experiments.
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Figure S2. Impact of Grb14, STAT3, or STATS on pancreatic islet cells, Related to Figure 3

(a) Native pancreatic islet RIN cells were down-regulated for Grbl4 expression using two
independent siRNA oligonucleotides targeting the adaptor protein. Western blotting demonstrates
effective Grbl4 reduction (siRNA) compared with scrambled control (scramble). FEach lane
represents cells grown without and with glucose respectively. The reduction in Grb14 is associated
with STAT3 up-regulation. (b) Pancreatic islet MING cells were forced to express Grb14, STAT3, or
STATS as indicated for assessment of insulin secretion. Cells were removed from glucose (-) for 3
hours for synchronization followed by another 3 hours of exposure to 25 mM (+) glucose as indicated.
Values represent mean+SEM from 4-6 wells per plasmid performed in 2 separate experiments.
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Figure S3. Primary human and mouse pancreatic islet morphology, Related to Figure 5

(a) Primary human pancreatic islet FGFR4 and Grb14 expression. FGFR4 staining was evident by
immunostaining in human islets independent of codon 388 genotype. FGFR4-WT islets show Grb14
staining mainly in the periphery of the islets. FGFR4-R388"" islets show enhanced Grb14 staining
within the rest of the islets; a feature most evident in FGFR4-R388"/*) islets. (b) Pancreatic islet
morphology in FGFR4 knock-in Mice. Six month old male mice (8-10/genotype) were subjected to
quantitative morphologic assessments. For morphometric measures, total areas of pancreas and total
islet areas on hematoxolyin & eosin stained slides were traced using the Aperio imagescope
morphometry program and the relative amount of the endocrine component was calculated. (c) To
assess cell proliferation animals were maintained on regular diet or (d) high fat (60%) diet for 6 weeks
after which pancreatic tissues were harvested for Ki-67 staining and image analysis quantification.
Values represent the mean+SEM with group comparisons tested by ANOVA.
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Figure S4. FGFR4 knock-in mouse metabolic requirements and response to insulin, Related to
Figure 6

(a) Metabolic requirements of FGFR4 knock-in mice. To measure energy homeostasis, 6 month old
FGFR4 knock-in mice of the indicated genotypes were monitored for multiple parameters of energy
expenditure over a 24 hour period in an indirect calorimeter chamber. Bar graphs represent
mean+SEM of oxygen consumption, CO2 production, respiratory exchange rate (RER), and heat
production, respectively from at least 6 mice per group. Representative tracing measurements from
individual animals are shown immediately to the right. (b) Insulin tolerance testing in FGFR4 knock-
in mice. Insulin was administered at a dose of 0.075 IU/kg intraperitoneally in 6 month old male mice
of the indicated FGFR4 genotypes. At least 6 mice were included in each group. (c) Effect of insulin
administration on IR phosphorylation in liver. FGFR4 knock-in mice as in panel “b” were fasted
overnight, administered insulin 0.075 IU/kg and tissue harvested within 7 minutes. Western blotting
shows similar IR phosphorylation in absence (-) and presence of insulin (+) across FGFR4 genotypes.
Each lane represents an independent mouse. (d) Serum glucagon was obtained from 12 month old

mice following an overnight fast and 30 minutes following glucose tolerance testing. Values represent
the mean+SEM of 5 animals in each genotype.



Table S1. Summary of Microarray Gene Profiling of Pancreatic Islet Cells Expressing FGFR4-
R388 versus FGFR4-G388, Related to Figure 2

FGFR4-R388 vs. FGFR4-

G388 FGFR4-R388 vs. pcDNA3.1 FGFR4-G388 vs. pcDNA3.1
Gene Fold p- Fold P- Fold p-
Method Symbol Change regulation value Change  regulation value Change  regulation value
Grb14 2.863 up 0.0247 4.480 up 0.1085 NA
jé Grbl4 2.633 up 0.0534 4.478 up 0.0937
z 2 FGFRl1op2  2.100 down 0.131
E‘ = FGFRI1 2.908 down 0.0046 2.714 down 0.1240
= FGFR2 5.356 down 0.296 2.501 down 0.5139 2.141 up 0.095
IGF-1R 2.337 up 0.2680 2.024 down 0.248
IGF-1R 2.036 up 0.1011
& Grbl4 2.84 up 0.0220 3.390 up 0.257
- Fnl 2.38 up 0.143 2.170 up 0.18
=
==
= A
s
N Grb14 3.05 Up 0.040 5.180 up NA NA NA NA
S Grb14 2.8 Up 0.050 4.970 up NA NA NA NA
2 FGFR1 2.75 down 0.009 2.380 down 0.028 NA NA NA
a FGFR2 4.96 down 6.400 up 0.0412 7.84 Up NA
23 Up NA
0 Grb14 3.408 up NA 5.736 up NA NA NA
E Grbl4 3.132 up NA 5.506 up NA NA NA
? FGFR1 2.46 down 2.150 down NA NA NA NA
q:,n FGFR2 4.44 down 2.280 up NA

Oligonucleotide microarray analysis. Total RNA from cultured pancreatic islet RIN cells was purified and
hybridized to the Affymetrix rat 230 2.0 Array at The Centre of Applied Genomics Hospital for Sick Children,
Toronto. RNA from 6 clones (two independent FGFR4-R388 pancreatic islet RIN clones and two independent
FGFR4-G388, and two control (pcDNA3.1) clones) were subjected to in vitro transcription, labeling and
hybridization using standard Affymetrix protocols. Hybridized chips scanned on an Affymetrix GeneChip 3000
confocal scanner. Raw microarray data were analyzed using 4 independent alogorithms as indicated. Genes
were considered to be differentially expressed if the signal consistently changed at least 2-fold (or signal log2
ratio 1). The six data sets were analyzed using gene expression and statistical tools in Spotfire’s DecisionSite
software package. Target genes were further restricted upon filtering for a minimum of 2-fold changes in signal
log ratio. Gene targets were then characterized and graphically summarized based on similar expression
profiles using Hierarchal and K-Means Clustering. These clustering algorithms were able to further elucidate
intrinsic grouping of the significant genes based on two different statistical methods (Hierarchal and Exclusive
Clustering).



Table S2. Relationships between the FGFR4 rs351855 single nucleotide polymorphism with
anthropometrics and metabolic traits in 6,915 non-diabetic male subjects in the Finnish
METSIM study, Related to Figure 7

Genotype G388G G388R R388R Additive model Dominant model
N 3176 2998 741 P Pugused p Pugused
Age 57 (51.0,62.0) 56 (51.0,62.0) 57 (51.0,62.0) 0.655 0.869

Body mass index (kg/m?) 263 (243,288) 263 (244,287) 264 (24.5,29.4) 0.178 0.265 0.731 0.731
Waist (cm) 96.5 (90.0,103.5) 96  (90.0,103.0) 96  (90.5,104.0)  0.709 0.92 0.793 0.8
81?5; /lf;‘s““g plasma glucose 57 (54,6.0) 57 (54,6.0) 57 (54,6.0) 0.487 0.209 0.254 0.261
E?HGIS /11)20 min plasma glucose 58 (49,7.0) 58 (4.9,7.0) 58 (4.9,7.0) 0.604 0.55 0876 0743
SSUT/IT) fasting plasma insulin 64  (4.5,10.2) 64  (4.5,10.0) 63 (4.4,10.6) 0.938 0.741 0.731 0.87
?ISUT/IT) 120 min plasma insulin 347 (203, 62.7) 344 (202, 62.6) 343 (21.0, 66.5) 0.905 0.966 0.822 0.975
gfnle/gaSﬁ“g plasma proinsulin 121 (9.5,15.7) 121 (9.6, 15.6) 121 (9.7,16.1) 0.459 0.451 0.886 0.722
8)(;3/1)120 min plasma proinsulin 45 5 3} 3 ¢35 45 (31.4,62.5) 462 (31.1,64.4) 0.792 0.672 0.908 0.75
Insulinogenic index (pmol, mmol) 96 (58.2,156.8) 967 (58.3,159.5) 963 (57.1,158.1) 0918 0.719 0.996 0.917
Matsuda ISI (mg/dl, mU/1) 6.1 (3.9,9.1) 62 (3.9,9.0) 62 (3.7,93) 0.925 0.634 0.693 0.801
HOMA-B 60  (42.7,90.0)  60.8 (42.9,91.0)  61.1 (43.2,91.6) 0.968 0.51 0.953 0.515

Data are presented as median (interquartile range). P-values were calculated using logl0-transformed
variables to correct for their skewed distribution. P-values are unadjusted (ANOVA for additive model,
t-test for dominant model), Pagjustea-values are adjusted using linear regression as follows: BMI and
waist are adjusted for age, glucose levels, insulin levels, proinsulin levels, Matsuda IST and HOMA-IR
are adjusted for age and waist, Insulinogenic index and HOMA-B are adjusted for age, waist, and
insulin sensitivity index (Matsuda ISI).

Table S3. Effect of genotype at FGFR4-R388 on diabetes incidence in the Diabetes Prevention
Program, stratified by sex and treatment arm, Related to Figure 7

Placebo Metformin Lifestyle
HR (95% CI) Pval  HR (95% CI) Pval HR(95%CI) Pval
Men 1.11 (0.79-1.57)  0.546  0.59 (0.39-0.87) 0.008 0'718 g?')%- 0.340
Women 0.84 (0.65-1.10)  0.200 1.00 (0.74-1.34) 0.993 1.02 (0.73- 0.901

1.42)

Cox proportional hazard models testing the effect of genotype at FGFR4-R388 on diabetes incidence
under an additive genetic model adjusted for treatment group, sex, age at randomization and self-
reported ethnicity. There was a significant SNP x treatment interaction (P=0.03) for the placebo vs.
metformin comparison in men only. HR, hazard ratio.




Table S4. Primers used in RT-PCR, Real-time PCR, and siRNA, Related to Figure 3

Product

size

Annealing (base
Target Gene Accession Sequence (5'-3") temp. (°C) pairs)

Abcc8 NM_013039 F: CCTGCAGCCAGACATAGACA 60 154
R: CGAGAAAGGGTCATCCAAAA

Grbl14 NM_031623 F: CTGCTGTTCTCCACTTACATCG 60 203
R: CAAAAAGGGTCCAGCTATTGTC

Grb14, Real-time NM 031623 ABI Tagman Gene Expression Assays
Rn00581165 _ml

Grbl14, siRNA NM 031623 F: GGACAGTGGAGGACCATGATT
R: TCATGGTCCTCCACTGTCCTT

Grb7 NM_053403 F: CTCTAAGGACCCGAGACACCTA 60 293
R: GTGGAGACCCCAAATACGATAA

Grb10 XM 001053718 F: GATGGGACAAGCAAAGTGGT 60 164
R: ACGATCTCATGGTCCTCCAG

HK1 NM_012734 F: CACCGGCAGATTGAGGAAAC 60 101
R: CTCAGCCCCATTTCCATCTCT

HK4 M25807.1 CCGAGTGGCTTACAGTTCTG 60 140
ACCTGAGTGTTGGAGATGATTC

KCNJI11 NM 031358.3 GCCATGCTGTCCCGAAAGGG 60 437
GGCCAGGGGACATTCCTCTGT

KCNJ15 NM 13321 CCGTTCCATCACAGAGGAGT 60 119
GCTTTTTGGGTCTTGCAATC

B-Klotho NM 031180.2  F: ACCTGATCAAGGCACATTCG 60 146
R: CTGGCAGTTGATCACGTCCT

Insulin receptor siRNA NM 017071 TGAGGAATGTGGGGACGTCTT
GACGTCCCCACATTCCTCATT

Insulin NM 0191129 F: GTACCTGGTGTGTGGGGAAC 60 200
R: CCAGTTGGTAGAGGGAGCAG

FGFR1 XM_346491 F: ATCGAGGTGAATGGGAGTAAGA 60 253
R: TTTCCAGGTACAGAGGTGAGGT

FGFR2 735139 F: GGGACGTAGAATTTGTCTGC 58 199
R: TATTCCCCAGCATCCATCTC

FGFR3 NM_053429 F:GAACTCCAACACACCTCTCGTC 59 259
R:CTTGTCAGTCGCATCATCTTTC

FGFR4 NM_001109904  .cCAGGAGACACCAGCCTTCTC 60 473
R:GGACAGCGGAATTTGACAGT

PGK1 BC063161 F: GCTGACAAGTTTGATGAGAAT 57 338

R: AGGACTTTACCTTCCAGGAGC

F, forward primer. R, reverse primer.



Table S5. List of antibodies, Related to Figure 4

Antibody Name Source Host Working Dilution
Actin Sigma Mouse 1:1000
FGFR4 Santa Cruz Biotechnology Rabbit 1:1000
FRS2 R&D systems mouse 1:1000
Grb14 Chemicon Rabbit 1:1000
HK1 ABCAM mouse 1:1000
Insulin Biomeda Rabbit 1:1000
Insulin Receptor o subunit Santa Cruz Biotechnology Rabbit 1:1000
Insulin Receptor B subunit Upstate Rabbit 1:1000
IRS1 Upstate Rabbit 1:1000
IRS2 Upstate Rabbit 1:1000
KCNIJ11 ABCAM Rabbit 1:1000
B-Klotho (KLB) Lifespan Biosciences Rabbit 1:1000
MAPK Sigma Rabbit 1:40000
Phospho-FGFR (Y 653/654) Cell Signaling Technology Rabbit 1:1000
Phospho-FRS2 (Y196) Cell Signaling Technology Rabbit 1:1000
Phospho-IR

(Y1158/1162/1163) Biosource Rabbit 1:1000
Phospho-IR (Y972) Biosource Rabbit 1:1000
Phospho-IRS1(S312) Biosource Rabbit 1:1000
Phospho-IRS1(Y612) Biosource Rabbit 1:1000
Phospho-MAPK Sigma Mouse 1:4000
Phospho-PLCy (Y783) Cell Signaling Technology Rabbit 1:1000
Phospho-STAT3 (Y705) Cell Signaling Technology Rabbit 1:1000
Phospho-STATS (Y694) Cell Signaling Technology Rabbit 1:1000
Phosphotyrosine, 4G10 Upstate Mouse 1:1000
Phosphotyrosine, PY20 Upstate Mouse 1:1000
PLCy Cell Signaling Technology Rabbit 1:1000
STAT3 Cell Signaling Technology Rabbit 1:1000
STATS Cell Signaling Technology Rabbit 1:1000



Supplemental Experimental Procedures

Pharmacologic treatments

FGF stimulation was performed using the non-FGFR isotype selective FGF-1 (Sigma, 10 ng/ml; St.
Louis MO), the FGFR2-selective FGF7 (10 ng/ml, Sigma), or the FGFR4-selective FGF19 (10 ng/ml;
R&D Systems) in serum-free defined media containing 10 U/ml heparin. To probe ATP-sensitive K
channel activity, cells were treated with diazoxide (100 uM) or tolbutamide (100 pM)(Sigma) for 20
min. followed by glucose exposure (20 mM) for 30 min.

Pancreatic islet morphology

Cell pellets and tissue blocks were embedded for routine histology and immunohistochemistry.
Immunoreaction of primary antibodies is listed in Suppl. table S5. Cell proliferation was examined
by Ki-67 and BrdU staining, apoptosis was determined using the terminal deoxyncleotidyl transferase
TDT-mediated deoxyuridine-triphosphate nick-end labeling (TUNEL) technique. For morphometric
studies, total areas of pancreas and total islet areas on hematoxolyin & eosin (H&E) stained slides
were traced using the Aperio imagescope morphometry program and the relative amount of the
endocrine component was calculated.

Glucose tolerance, insulin tolerance, and energy homeostasis testing

Fasting blood glucose from tail veins was measured following an overnight fast using a glucose
meter. For glucose tolerance 20%D-glucose was injected into the peritoneal cavity at a dose of 1.5
g/kg for 2 hour testing. For insulin tolerance testing, insulin (0.5-1 U/kg) was injected into the
peritoneal cavity. For tissue phosphorylation studies, animals were sacrificed within 7 minutes
following insulin administration. To measure energy homeostasis, animals were monitored for
multiple parameters of energy expenditure over a 24 hour period in an indirect calorimeter chamber
(Columbus Instruments, Columbus, OH). At least 6-12 mice were included in each experiment as
indicated.

Human studies

Data from Southern German subjects without diabetes included participants in an ongoing study to
reduce adiposity and prevent type 2 diabetes (Kantartzis et al., 2011). Informed written consent was
obtained from all participants following local Medical Ethics Committees’ approval. Results from
the MAGIC meta-analyses of fasting glycemic traits have been published (Dupuis et al., 2010;
Strawbridge et al., 2011) and are available at www.magicinvestigators.org. The design and results of
the Diabetes Prevention Program (DPP) have also been published)(Knowler et al., 2002). Briefly, this
clinical trial enrolled 3,819 overweight participants with elevated fasting glucose and impaired
glucose tolerance, and randomized them to placebo, an intensive lifestyle modification program,
metformin 850 mg twice daily or troglitazone 400 mg once daily (the troglitazone arm was
discontinued after an average of 10 months follow-up due to hepatotoxicity; troglitazone participants
are only analyzed for baseline characteristics here). The principal endpoint was the development of
diabetes by ADA criteria. At baseline the participants’ mean age was 51 years, mean BMI was 34.0
kg/m?, 68% were women, and 45% belonged to U.S. ethnic minority groups (African American,
Hispanic, Asian and American Indian). After a mean 2.8 years of follow-up, the lifestyle and
metformin interventions reduced the incidence of diabetes by 58% and 31% respectively versus
placebo. For the purposes of this study, 3,543 participants provided DNA and consented to genetic
investigation. All procedures were approved by institutional review boards at the 27 study sites. We
genotyped rs351855 on a Sequenom iPLEX platform as described (Florez et al., 2006); genotyping
success rate was 94%.




Statistical analyses

Data are shown as mean+standard error (SEM) with comparisons using t-tests. Multiple group
comparisons were performed by ANOVA with a statistical threshold of 0.05. For the human studies
statistical comparison of continuous variables was performed using logarithmically transformed data
(for non-normally distributed parameters). Multivariate linear and logistic regression models were
used to determine relationships of the SNP with the parameters of interest. We evaluated the effects
of genotype on diabetes incidence by Cox proportional hazard models under additive genetic coding,
and tested for genotype x treatment interaction. We used general linear models to test log-
transformed quantitative glycemic traits at 1 year.
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