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Abbreviations

ANGPTL8: Angiopoietin-like protein 8

SAT: Subcutaneous adipose Tissue

VAT: Visceral adipose Tissue

WAT: White adiposetissue

T2DM: Type 2 diabetes mellitus

ANGPTL 3: Angiopoietin-like protein 3

TG: Triglycerides

HDL: high density lipoprotein

LDL: low density lipoprotein

RYGB: Roux-en-Y gastric bypass surgery

SG: Sleeve gastrectomy

L GCP: Laparoscopic greater curvature plication
BMI: Body Mass Index

HOMA-IR: Insulin Resistance Homeostatic M odel Assessment
EWL: Excessweight loss

WL: Total weight loss

AWL: Alterableweight loss

WHR: Waist-hip ratio



ABSTRACT

This work aimed to explore the link between ANGP &l weight loss after metabolic
surgery. In the cross-sectional study (n=100),utattng ANGPTL8 concentrations
were significantly lower in morbidly obese thani@éan subjects, and strikingly lower in
morbidly obese patients with type 2 diabetes malff2DM). Conversely, ANGPTLS
expression in subcutaneous adipose tissue (SAThigasr in morbidly obese patients,
particularly in those with T2DM, whereas its ex@ies in visceral adipose tissue
(VAT) was unchanged. The main predictors for ciating levels of ANGPTL8 were
BMI and T2DM, whereas ANGPTL8 expression in SAT wdastermined by the
presence of T2DM. The prospective cohort studiderbeand one year after bariatric
surgery in morbidly obese patients with (n=45) anthout (n=30) T2DM, revealed a
significant increase of circulating ANGPTLS8 levalse year after bariatric surgery.
Intriguingly, this increment, which was predictey bbasal ANGPTL8 concentrations,
appeared as a determinant of T2DM remission. Irtlogion, circulating ANGPTLS
levels have an inverse relationship with SAT exgi@s Low basal levels of
ANGPTLS8 rebound after bariatric surgery. The inceamin ANGPTL8 concentrations
at one month of follow-up after weight loss emergeda significant predictor of the

T2DM remission at one year of follow-up.



INTRODUCTION

Angiopoietin-like protein 8 (ANGPTLS; also knowmder a number of different
aliases'™) is a secreted protein initially reported to bghty expressed in liver, but is
also widely distributed in a variety of tissues.eTinding that ANGPTL8 promoteg+
cell proliferation and expansion of tRecell mass suggested that it may be a promising
agent in the treatment of metabolic syndrome ape & diabetes mellitus (T2DM)
however, follow-up studies have questioned its raie p-cell function * © 7
Consequently, its physiological function is uncleard its molecular targets remain
largely unknowr? °. Circulating levels of ANGPTLS is associated wiitltrinsic energy
intake and expenditure, and in addition to its po& importance in glucose
homeostasis, a role in lipid metabolism has beemostrated' > *° The interaction of
ANGPTL8 with angiopoietin-like protein 3 (ANGPTL3promotes inhibition of
lipoprotein lipase activity and ultimately modulateerum levels of triglycerides (TG),

high-density lipoprotein cholesterol (HDL-cholestigr and low-density lipoprotein

cholesterol (LDL-cholesterof) %,

There are conflicting reports regarding the cotregion of circulating
ANGPTLS in obesity or T2DM“**® Moreover, results obtained on the relationship
between ANGPTL8 and lipid profile or insulin sensty are ambiguous and
inconclusive. One animal model study reported AIMGPTL8 does not have a role in
glucose metabolisry although a recently published study points tmtential role for
this protein in the amelioration of insulin resista by increasing the insulin-mediated
phosphorylation of several components of the imssijnaling cascad¥. Differences
in the degree of insulin-resistance as well asesfit methodological approaches used

to detect ANGTPL8® have been claimed as possible explanations fodifteepancies



between previous studies that have measured dirggileoncentrations of ANGTPL8

in patients with obesity or T2DM.

In addition to the liver, white adipose tissue (WAS$ a substantial source of
ANGPTLS. Studies in murine models of obesity suggest ANGPLTS is exclusively
expressed in mature adipocyfesiowever, data on human WAT are scarce. A previous
study suggested thANGPTL8 expression in human adipose tissue (AT) is induned
insulin, but also reported a paradoxical decreasgrculating plasma concentrations of
ANGPTLS during insulin infusion in a euglycemic-teinsulinemic clamp study’.
Few studies have explored the regulation of ANGPThL8he context of metabolic
disease and, to date, ANGPTLS8 expression in AThese or T2D individuals and its

regulation after bariatric surgery in T2D patieisteiot well understood.

In the current study, we compared circulating ANG® levels in lean and
obese patients, with and without T2DM. We also stigated changes in ANGPTLS8
levels in a prospective manner following bariasiargery, the intervention currently
considered as the most effective treatment for rdoobesity and obesity-associated
T2DM ?* 2L We analyzed the impact of surgery on ANGPTL8 em@tions in
patients with morbid obesity, both with and with@&DM at the time of admission. In
addition, we explored WAT expression of ANGPTL8 aitd relationship with

circulating levels in lean and morbidly obese indiials.



MATERIAL AND METHODS
STUDY DESIGN AND PATIENTS

The study comprised three different clinical stldges: 1) a cross-sectional
study with lean and morbidly obese patients, witld avithout T2DM, undergoing
bariatric surgery; 2) a prospective randomized rodled trial of patients with T2DM
undergoing metabolic surgery and 3) a confirmafmgspective study with morbidly
obese patients undergoing bariatric surgery witdi@RM. All studies were conducted
in accordance to The Code of Ethics of the Worldlidal Association (Declaration of

Helsinki).

Cross-sectional study - cohort 1:

Design: Observational single point study.

Participants: One hundred subjects (60 women anuett) were included in the cross-
sectional study (20 lean, 35 morbidly obese patigvithout T2DM and 45 morbidly
obese patients with T2DM). The obese subjects wamiited from patients scheduled
for bariatric surgery for weight loss at the Endloclogy Departments at the University
Hospital Joan XXIII (Tarragona, Spain) and Univirdtlospital Bellvitge (Barcelona,
Spain). Lean subjects were selected from an adipiessae biobank registry at the
University Hospital Joan XXIIl. Subjects with sigakinfection were excluded.
Intervention: All patients had fasted overnight dvef collection of blood and AT
samples. Visceral AT (VAT) and subcutaneous (SA@mpgles from the same
individuals were obtained during the bariatric sca procedure. Control (lean)
samples were obtained from the biobank from patientergoing laparoscopy surgery

for hiatus hernia repair or cholecystectomy. Thelgtwas approved by the respective



local Ethics Committees review boards of the pgraiting Hospitals. All participants
gave their written informed consent to participatéhe study.

Prospective study - cohort 2:

Design: Prospective single center, non-blindeddoamzed controlled trial, including
morbidly obese patients with T2DM (This trial wasegistered at
www.controlledtrials.com as ISRCTN 14104758 (cortgde25/01/2016)).

Participants: Forty-five patients (30 women andnién) were consecutively recruited
among patients undergoing bariatric surgery at Eepartment of Endocrinology,
Bellvitge University Hospital, Spain. The inclusiamiteria were age 18-60 years,
T2DM and BMI 35-42 kg/rh Clinical and anthropometric data and blood samplere
collected before surgery and at one month and @ae gfter bariatric surgery. The
study was approved by the local Ethics CommitteBadlvitge University Hospital. All
subjects gave written informed consent before serdyy (the basal data of this cohort
was used for the analysis of the cross-sectionalysincluded in cohort 1 for T2DM
patients).

Randomization: Patients were randomly assigned1(Ltt undergo either Roux-en-Y

gastric bypass surgery (RYGB), sleeve gastrecto®§)(or laparoscopic greater
curvature plication (LGCP). Allocation of patientwas assigned by simple
randomization using envelopes, with stratificatemtording to baseline levels of HRA
(greater or lower than 7%) to avoid differencesnetabolic control across the groups
during randomization.

Sample size: It was calculated to detect a 20%emdiffce in ANGPTL8 concentration
before and 1 month after surgery, and acceptedear¢r of 0.05, a power of 0.80). We
calculated a minimum of 10 subjects per arm, bkintainto account the possibility of

loss at follow-up, 15 patients were finally assigne



Interventions: From May 2012 to February 2014, g8 were consecutively
randomized to RYGB (n=15), SG (n=15) and LGCP (n=IFhe procedures were
performed by the same surgeon at the same center.

Outcomes: To evaluate the rate of T2DM remissioteraurgery, we used the
American Diabetes Association (ADA) criteria, catesing complete T2DM remission
if HbAlc <5.7% without treatment, partial remissioh HbAlc 5.7-6.5% with
withdrawal of treatment and non-remission if HbA26:5% and/or still under treatment
one year after surgefy.

Prospective study - cohort 3:

Design: Prospective single center study includingrbidly obese patients without
T2DM.

Participants: Thirty subjects (22 women and 8 meith age ranging from 23 to 59
years that met the criteria for surgical treatnarabesity at the time of inclusion (BMI
>40 kg/nf or BMI >35 kg/nf and obesity-related illness) were consecutivetyuiged
among patients undergoing bariatric surgery whendid at the Department of
Surgery, Haugesund Hospital, Norway.

Intervention: Standardized laparoscopic bypassesur(RYGB) was performed on all
of the patients by the same team of surgeons agétaumd Hospital. Anthropometric
measurements and collection of fasting venous b&adples were performed the day
before and one year after bariatric surgery. Thelystvas approved by the Western
Norway Regional Ethics Committee. All subjects gawréten informed consent before

study entry.



STUDY PROCEDURES
Analytical determinations
ANGPTLS8

Circulating plasma levels of ANGPTL8 in cohorts hda2 (Spain) were
measured using a commercially available ELISA Wiupan Eiaab Science, Wuhan,
China; catalog no. E11644h) with an intra-assayfficoent of variation (CV) <6.5%
and an inter-assay (CV) <9.2% (provided by the rfaturer)?*?> ELISA validation
was previously carried out in our laboratory by tg@es blotting and a good correlation
was observed between both meth&t#leasurement of plasma ANGPTLS in cohort 3
(Norway) was performed using the Human ANGPTL8 EA I8t (CSB-EL028107HU;
Cusabio, Wuhan, China) with an intra-assay CV <8% an inter-assay CV <10%
(provided by the manufacturef)
Gene expression analysis

Total RNA was extracted from SAT and VAT using tRéleasy lipid tissue
mini kit (QIAGEN Science). One microgram of RNA wasverse transcribed with
random primers using the reverse transcriptionesystigh capacity cDNA kit (Applied
Biosystems). Quantitative ANGPTL8 (Hs00218820 mfgne expression was
evaluated with Tagman low-density arrays (Appliedsgstems; microfluidic cards) on
a 7900HT fast real-time PCR system. The relativeression of each transcript was
measured using the ¥°' method. Peptidylprolyl isomerase A (PPIA, cycldiphiA,
Hs04194521 s1) was used for normalization of gesqpeession levels and calculation

of dCt value<”.

Statistical analyses



All data were tested for normality (Shapiro-Wilkst). Data are shown as mean
(SD) (normally distributed) and median @55”‘ guartiles) (non-normally distributed).
One-way analysis of variance (ANOVA) was used topare groups in the cross-
sectional study. The least square difference tastwged fopost hoc analyses. Paired t-
test, Wilcoxon signed-rank test or paired-ANOVA wersed for paired analysis in the
two prospective cohorts as appropriate. Pearsomd &pearman’s correlation
coefficients were used to analyze the relationfl@fpveen parameters as described. To
determine which variables were associated withu@atong ANGPTL8 andANGPTLS8
WAT gene expression (cohort 1) and with changesiaulating ANGPTLS8 after
bariatric surgery(prospective studies: cohorts 2 and 3), multipleedin regression
analyses were employed (stepwise backward selegirocedures). All variables
associated in the univariate analysis with ANGPTede included in their respective
models. To determine if ANGPTL8 was associated WRBDM remission after bariatric
surgery (prospective cohort 2pgistic regression analysis was employed (stepwise
backward selection procedures). Two-tailed p-vak@85 were considered statistically
significant. The calculations were made using STALA3.1 for Mac (StataCorp LP,

College Station, TX).
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RESULTS
Circulating levels and WAT expression of ANGPTL 8 are differentially regulated
in obesity: cross-sectional study.

A total of 100 subjects were included in cohortclinfcal characteristics are
shown inTable 1). Circulating levels of ANGPTL8 decreased acrossttiree groups,
with morbidly obese patients with T2DM having tlogvest concentrations (10£83.8
pg/mL), significantly different to lean controls98 7#183.1 pg/mL; p<0.001) and to
morbidly obese patients without T2DM (54883.3 pg/mL; p<0.001). The difference
between lean patients and obese patients witho@MI2lid not reach statistical
significance (p=0.244)Rigure 1A). Univariate analysis is depicted Supplementary

Table 1.

ANGPTL8 gene expression was analysed in SAT and VAT from same
patients. In contrast to our observations for setewels, ANGPTL8 expression was
higher in SAT from morbidly obese patients with T@Dhan in equivalent samples
from morbidly obese patients without T2DM (240047 vs. 0.540.10; p=0.008) and
from lean subjects (2.80.47 vs. 0.0%0.02; p<0.001). Morbidly obese patients without
T2DM also exhibited higheANGPTL8 expression than lean subjects (&840 vs.
0.0#40.02; p<0.001). No differences ANGPTL8 were observed in VAT between the

three groupsKigure 1B).

In univariate analyse#ANGPTL8 expression in SAT was positively associated
with female gender (r=0.406; p<0.001), BMI (r=0.43%<0.001), T2DM (r=0.493;
p<0.001), fasting plasma glucose concentration8.48, p<0.001), insulin (r=0.416,

p<0.001) and HOMA-IR (r=0.539; p<0.001figure 1C). ANGPTL8 expression in

11



SAT was negatively correlated with circulating ANGE concentrations (r=-0.283;
p=0.013)(Figure 1C). ANGPTLS8 expression in VAT was positively associated with

age (r=0.256; p=0.015) and total cholesterol (r69,2=0.013).

To find the best model to predict circulating ches: in ANGPTLS
concentrations, we design a multiple linear regoessnalysis (including all of the
univariate associations described above and adjlistgender, age and the presence of
T2DM). Only BMI (3=-0.262; p=0.006) and the presence of T20i¥-0.64; p<0.001)
appear as significant variables influencing cirtaa levels of ANGPTL8. Moreover,
the model that best predict@dNGPTL8 expression in SAT was the presence of T2DM

(B=0.327; p=0.005).

Circulating ANGPTLS8 increases after bariatric surgery and predicts T2DM
remission.

A total of 45 morbidly obese patients with T2DM neancluded in a one-year
follow-up prospective study (cohort 2). Patientseveandomly assigned to RYGB, SG
or LGCP Gupplementary Figure 1) and their clinical characteristics were evaluaed
baseline and at one month and one year after barsuirgery Table 2. Baseline
characteristics were similar between the three esyrgroups. As expected, weight,
BMI, waist and WHR were all decreased after badasurgery. The BMI related
changes %EWL, %WL and the %AWL at one month and pe& after bariatric
surgery are shown irsupplementary Figure 2. Fasting plasma glucose, insulin

concentrations, HOMA-IR, C-peptide and HbAlc wdsmamproved.
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Circulating concentrations of ANGPTL8 were increésit one month and at one
year after bariatric surgery (10:83.8 pg/mL vs. 177£80.5 pg/mL vs. 160£30.4
pg/mL, respectively;p for trend=0.046) Gupplementary Figure 3). ANGPTLS
concentrations at one year after bariatric surgegye inversely associated with BMI
(r=-0.366; p=0.016). Positive associations with giiloss metrics %EWL (r=0.364;
p=0.017), %WL (r=0.345; p=0.023) and %AWL (r=0.3480.022) were also observed

at one year after bariatric surgery.

To understand how circulating ANGPTL8 concentratiovere regulated after
bariatric surgery, and the potential role of thi#edent types of surgery, we tested by
multiple lineal regression the influence of the rdp@ of different clinical and analytical
parameters evaluated, and found that the %AWL atyear after bariatric surgery was

the main predictor of its increage=€0.467; p=0.012).

Finally, to assess the potential role of circalgtANGPTL8 concentrations for
T2DM remission, multiple ordered logistic regressinodels were performed. The total
remission rate of T2DM at one year after bariastcgery was 42.2%. All the models
were adjusted for the different types of surgery dor those variables that were
previously described to be associated with T2DMissian Supplementary Table 2).
The best models showed that the type of surgeryGB)Y baseline C-peptide, the
T2DM duration and the increment of ANGPTLS8 concatitns one month after surgery

were the main predictors of T2DM remission at oearyof follow-up.

Circulating concentrations of ANGPTL8 are increased after bariatric surgery:

one-year follow-up of morbidly obese patientswithout T2DM.

13



A total of 30 morbidly obese patients without T2DWere included in the
prospective study (cohort 32). Patients were evatlat baseline and at one year after
bariatric surgery (clinical characteristics andoidtory data are shown hable 3). As
expected weight, BMI, fasting plasma glucose, imsabncentrations, HOMA-IR, C-
peptide, HbAlc and lipid concentrations were altrdased after bariatric surgery.
Similar to the patients with T2DM in cohort 2, caitating concentrations of ANGPTLS8

were also increased at one year after bariatrigesyr

The increase of circulating ANGPTL8 concentratioafter one year was
positively associated with %EWL (r=0.422; p=0.02%WL (r=0.369, p=0.045) and
%AWL (r=0.388; p=0.034), and similar to the findimg cohort 2 a multiple linear
regression analysis revealed that higher %AWL, alsd male gender were the main

predictors of its increas&jpplementary Tables 3 and 4).
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DISCUSSION

In this study, we determined the circulating levand WAT expression of
ANGPTLS8 in lean and morbidly obese patients andrérad how massive weight loss
after bariatric surgery might alter its levels. particular, we assessed whether

ANGPTL8 was likely to be relevant for T2DM.

In a cross-sectional analysis, we found that Gtowg ANGPTLS
concentrations were lower in morbidly obese pasiewith T2DM than in obese
counterparts without T2DM and in lean subjects. gkdgly, we found an inverse
relationship between plasma ANGPTLS8 levels and mwarlassociated with impaired
glucose metabolism. Because these findings do nmtige information about the
dynamics of the alterations of ANGPTL8 during theqesses that lead to obesity or
T2DM, we examined the changes in ANGPTLS8 levelsaa patient cohorts of morbid
obesity (with and without T2DM) that underwent ladic surgery. Interestingly,
circulating ANGPTL8 concentrations were signifidgrnibcreased in both cohorts after
a one-year follow-up. These results are in accareavith a previous case-control study
showing that ANGPTLS8 levels are significantly lowarextremely obese patients than
in lean subjects®. Moreover, this study reported a decrease in kit levels of
ANGPTLS8 with increasing BMI, which, in agreementtvour data, was more evident
in subjects with glucose derangement. Our resu#ts it with a very recent report
showing that circulating ANGPTLS levels increasteabariatric surgery®. However,
in our study, we included an additional lean cdngroup, enabling direct comparison
of ANGPTLS levels in the plasma of morbidly obesel é&ean subjects, which was not
possible in the other stud§?. Taken together, the data support that circulating

ANGPTLS8 are high in lean and low in obese patieaspecially in those with T2DM.
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Accordingly, we observed that the lower the basaicentrations of ANGPTL8 the
greater the increase after weight loss at one-fgdlaw-up.

A previous study examined ANGPTL8 in obese subjesith metabolic
syndrome after diet-induced weight loss. In thigheweek diet intervention study,
subjects with lower ANGPTLS8 pre-intervention levélad the greatest reduction in fat
mass after dietary modification despite no diffees in ANGPTL8 levels were
observed after follow up®. In contrast to the findings of our study, basalels of
ANGPTL8 were higher in patients with metabolic ssorde than in lean controls;
however, these patients were not in the range skiva obesity. Nonetheless, Pascual-
Corrales and colleagues only found changes in @ashMGPTLS8 after surgery but not
when weight was lost after hypocaloric ditLikewise, the majority of patients in the
diet-arm of this study were not in the range of shasobesity. Still, the basal levels of
ANGPTL8 were not different to those in the surggrgup, making it difficult to draw
clear conclusions when comparing both groups. Saathors have attributed these
discrepancies in circulating levels of ANGPTL8 hetcontext of T2D and obesity to
differences in the epitopes recognized by commkasisays®. ANGPTL8 undergoes
proteolytic cleavage before secretion, leadingiti@rnt circulating levels of the C- or
the N-terminal end of the protein. We considereg thossibility in our study, but
irrespective of the different detection methodsdusethe studied cohorts, we observed
the same trend and relationship with metabolic rpatars, particularly evident for the
elevated levels of ANGPTLS after bariatric surgériie EIAAB kit applied in cohort 2
is widely used® and the results were validated on a western bful, the Cusabio kit

used in cohort 3 it has been also previously G&ed

16



Gathering the trends observed in these studiegeins plausible that low pre-
intervention ANGPTLS8 levels may be associated veitbetter response in metabolic
profile after weight loss mainly in T2DM patientsia those with metabolic syndrome.
In line with this hypothesis, the increment of alating ANGPTLS, as early as at one
month of follow-up in the cohort 3, appeared as ofidhe main determinants of
diabetes remission (independent of weight lossdssociation with other well-known
predictors, such as the type of bariatric surgémg, prior 3-cell function (higher C-
peptide) and the duration of T2DNBYpplementary Table 2) 3> ¥ This observation
strengthens the potential role of ANGPTLS in thecglse homeostasis. Supporting this
observation, a recent study characterized the milaleanechanisms underlying the
regulation of glucose metabolism by ANGPTLS in arfam hepatic cell liné’. The
authors suggested that differences in circula&vgls observed in clinical studies might
be due to the different capacity of the insulinp@ssive target tissues depending on the
stage of the insulin-resistance process. Accorgjngt early stages the liver might
respond to the increment of insulin flux by inciegsANGPTL8 production, but at
more advanced stages associated with an inadegpeaiefunction the concentration of
ANGPTLS8 progressively decreases. This hypothesiy explain the behaviour of
ANGPTLS8 observed in our T2DM cohort. Thus, the ioy@ment in insulin-resistance
observed after weight loss would facilitate a bretesponse to insulin in the liver,

increasing circulating ANGPTLS8 concentrations eamlyhe first month after surgery.

Regarding the relationship between WAT expressind circulating levels of
ANGPTLS8, we observed a significant inverse assariain SAT. In line with these
observations insulin infusion induces a paradoxresponse in ANGPTLS8 levels in

healthy subjects®. Although the underlying mechanisms for the ineeassociation of

17



circulating levels andANGPTL8 expression remain to be elucidated, these results
suggest a local effect of ANGPTLS8 on AT, indepertd#frobesity. Of note, in contrast
to murine WAT, where ANGPTL8 has been detected usiekly in adipocytes,
ANGPTLS is expressed both in mature adipocytesimaride stroma-vascular fraction in
human WAT Gupplementary Figure 4). Preliminary experiments from our laboratory
indicate that macrophages express and secrete AN&PJointing to a possible
paracrine role for ANGPTLS8 in AT that warrants het investigation. Along these
lines, ANGPTL8 has been recently described as assitresponse protein that
downregulates adipose triglyceride lipase in marianatells*3. This novel role for
ANGPTLS, linking lipid homeostasis and metabolidess, might underscore its
elevated expression in AT from obese and T2DM p#&ieopening a new field of

investigation.

In summary, the present study shows that plasmaRN@ concentrations are
highest in lean subjects and lowest in morbidlysabgatients with T2DMANGPTLS is
expressed in all the components of the WAT ancdexsression correlates negatively
with its circulating levels, and positively with DX as its main determinant factor.
Finally, our results suggest that massive weigiss lbut also metabolic status are
important regulators of ANGPTLS8 levels being theicrement after bariatric surgery

one of the main predictors of T2DM remission indegently of weight loss.
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Figure Legend

Figure 1. Circulating and mRNA ANGPTLS8 levels change with BMI. (A) ANGPTLS8
plasma circulating levels are significantly lower morbidly obese patients (Ob-M) with and
without T2DM than in lean subjectéB) ANGPTL8 expression in subcutaneous (SAT) and
visceral (VAT) adipose tissue exhibits distinctimmfiles. Data are represented as mean+SEM.
*p<0.001 for post hoc test (lean vs. morbid-obesth W2DM). 'p<0.01 for post hoc test
(morbid-obese without T2DM vs. morbid-obese withDW8). ~p<0.001 for post hoc test (lean
vs. morbid-obese without T2DMJC) Associations betweeANGPTL8 SAT expression and

BMI, fasting plasma glucose, insulin, HOMA-IR antN&PTL8 circulating levels.
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Table 1. Clinical and laboratory data for the patientsincluded in the cross-sectional study (cohort

1)
Lean Morbidly obese Morbidly obese p for

without T2DM with T2DM trend
n 20 35 45
Age (yrs) 495 (12.1) 43.1 (9.9) 49.9 (8.0§ 0.008
Sex (M/F) 13/7 12/23 15/30 0.038
BMI (kg/m?) 22.2 (2.5) 41.1 (3.2)* 39.5 (1.9)* <0.001
Glucose (mmol/L) 5.0 (4.2-5.4) 5.0 (4.8-5.4) 8.5 (6.4-11.6)° <0.001
Insulin (mIU/L) 6.1 (3.8-7.7) 14.2 (11.8-19.2)* 16.0 (11.1-19.0)  <0.001
HOMA-IR 1.2 (0.8-1.6) 3.2 (2.5-4.7)* 5.6 (3.6-9.1)" <0.001
HbA1c (%) - - 7.2 (6.3-9.3) -
Total cholesterol 5.0 (4.3-5.2) 3.1 (2.9-3.5)* 4.8 (4.3-5.4) <0.001
(mmol/L)
HDL -cholesterol 1.5 (1.4-1.7) 0.8 (0.6-1.0)* 1.1 (1.0-1.3Y* <0.001
(mmol/L)
L DL-cholesterol 2.9 (2.3-3.2) 2.0 (1.7-2.3)* 2.8 (2.3-3.3) <0.001
(mmol/L)
Triglycerides(mmol/L) 1.1 (0.8-1.2) 0.9 (0.6-1.1) 1.7 (1.2-2.0% <0.001

Data are presented as mean (SD) or median (28thefifartiles as appropriate. T2DM, type 2 diabetes;

BMI, body mass index; HOMA-IR, insulin resistancenteostatic model assessment. *p<0.05 for LSD

post hoc test comparing lean vs. morbidly-obeseéhawit T2DM. 'p<0.05 for LSD post hoc test

comparing lean vs. morbidly-obese with T2Df<0.05 for LSD post hoc test comparing morbidly-

obese without T2DM vs. morbidly-obese with T2DM.
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Table 2. Clinical characteristics of the whole population before, 1 month and 1 year after bariatric

surgery (cohort 2)

Baseline 1 month 1 year p for
trend
n 45 45 44 -
Age (yrs) 49.4 (8.0) - - -
Gender (M/F) 15/30 - - -
Hypertension (n, %) 30 (66.7) 21 (46.7)* 21 (46.7) 0.005
Antihypertensive drugs (n, %) 30 (66.7) 21 (46.7)* 21 (46.7) 0.005
Dyslipidemia (n, %) 33 (73.3) 14 (31.1)* 13 (28.9) <0.001
Lipid lowering drugs (n, %) 32 (71.1) 10 (22.2)* 14 (31.1) <0.001
Type 2 diabetes
T2DM (n, %) 45 (100.0) 30 (66.7)* 15 (3313) <0.001
T2DM treatment (n, %) 45 (100.0) 19 (42.2)* 13 (28.9) <0.001
Insulin (n, %) 17 (37.8) 10 (22.2)* 5(11.5) <0.001
Anthropometric measurements
Weight (kg) 103.6 (11.0) 89.8 (11.3)* 75.1 (13.4)* <0.001
BMI (kg/m?) 39.5(1.9) 34.2 (2.3)* 28.6 (4.1)* <0.001
Waist (cm) 117.9 (7.9) 108.8 (7.6)* 96.0 (9.9y" <0.001
WHR 0.96 (0.91-1.02) 0.96 (0.91-1.0) 0.91 (0.86-  <0.001
0.97)*

Blood pressure
SBP (mmHg) 134.0 (18.5) 128.4 (17.9) 129.0 (19.4) 0.261
DBP (mmHg) 81.1 (14.3) 81.4 (13.4) 77.2 (13.0) 0.216
Lipid profile

Total cholesterol (mmol/L)
HDL-cholesterol (mmol/L)
LDL-cholesterol (mmol/L)
Triglycerides (mmol/L)

4.76 (4.27-5.38)
1.13 (1.01-1.33)
2.75 (2.28-3.32)
1.70 (1.17-1.99)

4.39 (3.66-5.16)
1.02 (0.90-1.15)*
2.72 (1.90-3.38)
1.42 (1.13-1.79)*

4.61(3.95-5.26) 0.032
1.46 (1.23-1'60) <0.001
2.60 (2.05-3.26) 0.230
0.96 (0.73-1'38) <0.001

Data are presented as mean (SD) or median (25theiartiles as appropriate. T2DM, type 2 diabetes;

BMI, body mass index; WHR, waist-to-hip ratio; SB&stolic blood pressure; DBP, diastolic blood

pressure; HOMA-IR, insulin resistance homeostatadeh assessment. *p<0.05 for LSD post hoc test

comparing basal measurements vs. 1 month aftereisurp<0.05 for LSD post hoc test comparing

baseline measurements vs. 1 year after surdpr.05 for LSD post hoc test comparing variables 1

month after surgery vs. 1 year after surgery.
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Table 3. Clinical and laboratory data for morbidly obese patients without T2DM before and 1-
year after bariatric surgery (cohort 3)

Before 1 year p
n 30 30 -
Age (yrs) 41.9 (9.5) - -
Sex (M/F) 8/22 - -
Weight (kg) 117.6 (18.0) 82.1(13.4) <0.001
BMI (kg/m?) 40.1 (4.1) 28.1 (3.8) <0.001
%EWL (%) - 84.3 (66.4-97.9) -
%WL (%) - 31.5 (26.9-33.0) .
%AWL (%) - 46.3 (41.1-50.2) -
Glucose (mmol/L) 5.3 (5.0-5.5) 4.7 (4.6-4.9) <0.001
Insulin (mlU/mL) 13.1 (9.9-18.8) 4.2 (3.1-6.0) <0.001
HOMA-IR 3.0 (2.5-4.1) 0.8 (0.6-1.3) <0.001
C-peptide 1.2 (1.0-1.3) 0.6 (0.5-0.8) <0.001
HbA1c (%) 5.2 (5.1-5.3) 5.1 (5.0-5.3) 0.002
Total cholesterol (mmol/L) 4.74 (0.97) 4.27 (0.82) 0.002
HDL-Cholesterol (mmol/L) 0.89 (0.76-1.01) 1.24 (1.11-1.45) <0.001
LDL-Cholesterol (mmol/L) 3.10 (2.80-3.80) 2.65 (2.09-3.30) <0.001
Triglycerides (mmol/L) 1.40 (1.19-1.66) 0.86 (0.63-1.25) <0.001

Circulating ANGPTL8 (ng/mL) 6.76 (3.83-10.80) 10.55 (7.47-14.38) <0.001

Data are presented as mean (SD) or mediah188) quartiles, as appropriate. BMI, body mass index;
%EWL, percentage excess weight loss; %WL percerttagéweight loss, %AWL percentage alterable

weight loss; HOMA-IR, insulin resistance homeostatiodel assessment.
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Supplementary Figure 1

Assessed for elegibility (n=45)
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Supplementary Figure 1. 1-year follow-up study. The patients were randomly assigned and evaluated at baseline,
1 month and 1 year after bariatric surgery. One SG patient voluntarily withdrew from the study at 11 months.
Follow-up compliance was 97.78% and 44 patients completed the 1-year follow-up.



Supplementary Figure 2
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Supplementary Figure 2. %EWL, the %WL and the %AWL were 34.9 (28.8-37.9)%, 12.3 (10.7-14.3) and 18.5
(16.3-21.3)% at 1 month after bariatric surgery and 73.1 (56.7-97.1)%, 26.6 (22.9-34.1)% and 40.2 (33.7-51.4)% at
1 year after bariatric surgery, respectively. Data are represented as median (25%-75t™ quartiles). *p<0.001 (1 year
vs. 1 month).



Supplementary Figure 3
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Supplementary Figure 3. ANGPTLS8 circulating levels were increased one month after surgery and were maintained
after 1 year follow-up (101.6x18.8 pg/mL vs. 177.0£30.5 pg/mL vs. 160.6+30.4 pg/mL respectively; p for
trend=0.046). Data are represented as mean+SEM.



Supplementary Figure 4
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Supplementary Figure 4. ANGPTL8 protein expression was examined in total white adipose tissue (WAT),
adipocytes (A) and stroma-vascular fractions (SVF) of a total of 8 individuals. A representative western blot is
shown. Fumarylacetonacetase (FAA) was used as a loading control. HepG2, a liver derived cell line, was used as a
positive control. Quantification is shown vs WAT. Data are represented as mean+SEM.



Supplementary Table 1. Univariate analysis between ANGPTLS circulating levels and biochemical
parameters and presence of T2DM in cohort 1.

Circulating ANGPTLS

r p
T2DM -0.724 <0.001
Fasting glucose -0.637 <0.001
HOMA-IR -0.448 <0.001
Total cholesterol -0.427 <0.001
LDL-cholesterol -0.363 0.002
TG -0.297 0.007

Supplementary Table 2. Ordered logistic regression models for T2DM remission prediction
(Prospective study - Cohort 2)

OR (95% CI) p

Model 1: LR x’= 62.38; p<0.001
Type of surgery

Sleeve gastrectomy (vs. gastric by-pass) 0.001 (0.001-0.125) 0.005

Gastric plication (vs. gastric by-pass) 0.001 (0.001-0.029) 0.003
Duration of T2DM 0.966 (0.943-0.990) 0.006
Baseline C-peptide 18.292 (1.947-171.9) 0.011
AANGPTLS at 1 month 1.870 (1.152-2.035) 0.011
Previous insulin treatment 0.017 (0.001-0.436) 0.014

Variables included in the models were: age, sex, type of surgery, %AWL at 1 month, duration of T2DM, previous
insulin treatment and baseline C-peptide.

Supplementary Table 3. Univariate analysis between basal and one year after bariatric surgery
ANGPTLS circulating levels and biochemical parameters in cohort 3.

Basal circulating ANGPTLS

r P
Insulin -0.503 0.005
Fasting glucose -0.516 0.004
HOMA-IR -0.435 0.013

1-year circulating ANGPTLS

r p
BMI -0.356 0.050
Insulin -0.392 0.032




Supplementary Table 4. Clinical and analytical changes after bariatric surgery associated with the
increment of circulating ANGPTLS concentrations (Prospective study - Cohort 3)

AANGPTLS (R’=0.384; p=0.014)

B SE 95% CI Beta p
(unstandardized) (standardized)
%AWL 0.265 0.127  0.005-0.525 0.489 0.046
Gender -5.647 2.103  -9.957--1.338 -0.416 0.012
Constant 5,192 5.741  -6.567-16.951 - 0.373

Variables included in the model: age, gender, % AWL and the differences 1 year-baseline (total cholesterol, HDL-
cholesterol, triglycerides, fasting plasma glucose, HbAlc, C-peptide and HOMA-IR).



Supplementary information

STUDY DESIGN AND PATIENTS

Prospective study - cohort 2:

Participants: Exclusion criteria were as follows: type 1 diabetes mellitus, positive auto antibodies,
secondary T2DM after injury or hormonal diseases (Cushing's syndrome or acromegaly); acute metabolic
complications, ketosis, ketoacidosis or hyperosmolar state over the last six months; serious infection that
could affect blood glucose control during the 4 weeks prior to inclusion; cardiovascular events (episode
of heart failure, angina pectoris, myocardial infarction or stroke) within 6 months prior to the study;
history of liver disease (chronic active hepatitis or cirrhosis) and/or abnormal liver function (ALT and/or
AST 3 times above the upper normal value); altered renal function (creatinine greater than 1.4 mg/dl in
women and 1.5 mg/dl in men); anticoagulant therapy; congenital or acquired abnormalities of the
digestive tract (atresia, stenosis, etc); pregnancy, nursing or desired pregnancy in the 12 months following
the inclusion; recent history of neoplasm (<5 years) except basal cell skin cancer; glucocorticoid use by
oral or intravenous route for more than 14 consecutive days in the last three months; alcoholism, drug

addiction or major psychiatric disorders; refusal to participate in the study.

STUDY PROCEDURES
Anthropometric measurements and weight loss after bariatric surgery
Body weight and height were measured. BMI was calculated with the Quetelet index (weight in
kg/height in meters squared). Body circumference was measured with a non-stretchable band for the
waist midway between the lower rib margin and the iliac crest and, for the hip circumference, over the
greater trochanters and recorded to the nearest 0.5 cm. Blood pressure (the average of two measurements)
was determined by sphygmomanometer aneroid (Omron®) with the patient seated after 5 minutes of rest.
To evaluate weight loss after bariatric surgery in the two prospective cohorts, we used three
different formulas: the percentage excess of weight loss (%EWL= 100* [baseline BMI - final
BMI]/[baseline BMI - 25]), the percentage (total) weight loss (%WL=100* [baseline BMI - final
BMI]/baseline BMI) and the percentage alterable weight loss (% AWL= 100* [Baseline BMI - final

BMI]/ [baseline BMI -13]).

Analytical determinations



Cross-sectional study — cohort 1 (Spain): Fasting plasma glucose, total cholesterol, HDL-cholesterol,

LDL-cholesterol and TG were determined by standard enzymatic methods (ADVIA 2400 Chemistry
autoanalyzer. Siemens Healthcare, Earlangen, Germany). Insulin was determined by immune assay using
an AVDIA Centaur XP autoanalyzer (Siemens Healthcare, Earlangen, Germany).

Prospective study - cohort 2 (Spain): Blood samples were collected after overnight fasting, before

bariatric surgery, 1 month and 1 year later. Fasting plasma glucose, total cholesterol and TG were
determined on a Hitachi 737 autoanalyzer (Boehringer Mannheim, Marburg, Germany) using standard
enzymatic methods. HDL-cholesterol concentrations were determined by the standard enzymatic methods
after precipitation with PEG-6000. Plasma insulin was analyzed by immunoassay (Coat-A-Count Insulin;
Diagnostic Products Corp., Los Angeles, CA).

The homeostatic model assessment (HOMA)-IR index was used to evaluate insulin resistance in
all the sub-studies and was calculated as the product of fasting plasma insulin (mIU/mL) and fasting
plasma glucose (mmol/L) divided by 22.5 .

Prospective study - cohort 3 (Norway): Blood samples were collected after overnight fasting the day

before bariatric surgery, and one year later. Fasting plasma glucose, total cholesterol, HDL-cholesterol,
LDL-cholesterol and TG were analyzed at the Department of Clinical Chemistry, Haukeland University
Hospital, Bergen, Norway. Serum lipid levels and fasting glucose were assayed using an Architect 1600
chemistry analyzer (Abbott, Chicago, IL, USA). HbAlc levels were measured using high-performance
liquid chromatography (HPLC) with a Tosoh G8 HPLC autoanalyzer (Tosoh Bioscience, Tessenderlo,
Belgium). Fasting serum insulin and C-peptide levels were analyzed using a chemiluminescence assay on
the Siemens immulite 2000 Immunoassay system (Siemens AG, Erlangen, Germany) at the Hormone

Laboratory, Haukeland University Hospital, Bergen, Norway.
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