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ANGPTLS8: Angiopoietin-like protein 8

GDM: Gestational diabetes mellitus

WAT: White adipose tissue

BAT: Brown adipose tissue

OGTT: Oral glucose tolerance test

BMI: Body mass index

LGA: Large for gestational age

AGA: Adequate for gestational age

SGA: Small for gestational age

SSF: Sum of three skinfolds

HOMA-IR: Insulin Resistance Homeostatic Model Assesment
HOMA-B: Beta cell function — Homeostatic Model Assesement
hWA: human white adipocytes

hBA: human brown adipocytes

mMBA: murine brown adipocytes

hASCS: Adipose derived stem cells

UCP1: Uncoupling protein 1



ABSTRACT

Angiopoietin-like protein 8 (ANGPTLS8), a protein piicated in lipid and glucose
homeostasis, is present only in mammals, suggesiatgit is involved in processes
unique to these vertebrates such as pregnancy @médthermy. We explored the
role of ANGPTL8 in maternal-fetal crosstalk and rslationship with newborn
adiposity. In a longitudinal analysis of healthyegmant women, ANGPTLS8 levels
decreased progressively during pregnancy althoegiained higher than levels in the
postpartum period. In a cross-sectional observalistudy of women with or without
gestational diabetes (GDM), and their offspring, @GINTL8 levels were higher in
venous cord blood than in maternal blood, and veggeificantly lower in GDM
patients than in healthy women. Infants small festgtional age and with low fat
mass had the highest ANGPTL8 cord blood levelsdi8tun vitro revealed that
ANGPTL8 was secreted by brown adipocytes and ifgression was increased in
experimental models of white-to-brown fat convemsid\dditionally, ANGPTLS8
induced the expression of markers of brown adipecyThe high levels of ANGPTL8
found in fetal life together with its relationshigth newborn adiposity and brown
adipose tissue point to ANGPTL8 as a potential p&ayer in the modulation of the

thermogenic machinery during the fetal-neonataigitéon.



INTRODUCTION

Angiopoietin-like protein 8 (ANGPTL8) also known as lipasin betatrophin and
RIFL? (refeeding induced in fat and liver), is a novet ltypical member of the
angiopoietin-like protein family that is implicated lipid and glucose homeostasis
via its ability to inhibit lipoprotein lipase activityand to induce pancreatf:cell
proliferation in insulin resistance statel humans, the highest expression levels of
ANGPTL8are found in the livérand this organ seems to be the main source of
circulating ANGPTLS8, although other potential s@schave been propoded
Circulating ANGPTLS8 concentrations are increasedbesity and type 2 diabefed
however this finding is contentiotfs*? Intriguingly, while ANGPTL8expression has
been detected in mammals, neither the transcriptitagolypeptide homologs are
present in other vertebrate species, suggestingAiN&PTL8 may be implicated in
physiologic functions that are unique to mammalshsas homeothermy, pregnancy
and lactatiof?.

Pregnancy is characterized by increased insulimeBen and marked insulin
resistance. This physiologic adaptation facilitadesonstant net flow of glucose (and
other nutrients) to the growing fetus. The morphaal basis for this hyperinsulinism
is pronounced@-cell hypertrophy and hyperplasia, and hyperagtioit individual 3-
cells. In murine models, liverANGPTL8 expression increases as pregnancy
progresses but data on ANGPTLS8 regulation in human pregnaiscygcarce and
inconclusivé®™’". Circulating ANGPTL8 concentrations are reportecbe higher in
gestational diabetes mellitus (GDM) than in normpeggnancy”™’, but there is no
consensus on ANGPTLS8 concentrations between pregnamd postpartuti® and
nothing is known about the evolution of ANGPTL8 centrations during pregnancy.

ANGPTLS is also present in fetal life and higher BRTLS8 levels have been found



in umbilical cord blood than in maternal sefnsuggesting a role in fetal growth and
development. In the fetus, total adipose tissuesnmaseases through late gestation
and comprises a mixture of white and brown adipesyFetal nutrient supply during
late gestation determines white adipose tissue (Wad brown adipose tissue
(BAT) depots. BAT is essential for postnatal adapitato temperature and the onset
of non-shivering thermogenesis after birth andhumans, comparatively greater
amounts of BAT are present in the newborn thantirromammaf¥. ANGPTLS is
expressed in both WAT and BAT depbtsand its regulation depends on nutritional
and environmental factdr§*'® Specifically, ANGPTL8 mRNA is up-regulated
during white and brown adipocyte differentiafipeuppressed by starving and agents
that induce lipolysis? and induced by insuffna cold environmeftand feeding?
Since pregnancy and homeothermy are situations uanitp mammals, we
hypothesized that ANGPTL8 may be involved in mottetus crosstalk, to maintain
metabolic homeostasis during pregnancy, and magnbmductor of adipose tissue
browning. We evaluated ANGPTL8 concentrations dyrimormal pregnancy and
explored the relationship between maternal and btodd ANGPTL8 with newborn
adiposity in normal pregnancy and GDM. We also eatdd circulating levels and
BAT expression of ANGPTL8 during pregnancy in miéenally, we assessed the
ability of ANGPTLS8 to act as an endocrine factocrseted by brown adipocytes,

among others, which might facilitate white-to-brofah conversion.

RESEARCH DESIGN AND METHODS
Study population
The study was undertaken at the Hospital Universita Tarragona Joan XXIII and

was carried out according to the code of ethicshef World Medical Association



(Declaration of Helsinki). Participants were wonweith singleton term births with no
major birth defects, with an accurate gestatiorg@ aonfirmed by an ultrasound
examination before 20 weeks of gestation and aatiestl age at delivery of 37
weeks or more. The study protocol was reviewedagmaoved by the research ethics
board of the center and all participants provideadtten informed consent before
inclusion. To assess the effects of pregnancy oGRINL8 concentrations and its
relationship with insulin secretion, 15 pregnantnveam were enrolled in the first
prenatal visit, before the T2aveek of pregnancy, and followed up until the efid o
pregnancy (cohort 1). A blood sample was colledtedach trimester of pregnancy
and stored at -80° C until analysis. None of thenew included in the longitudinal
study had diabetes or any other chronic disease.

To analyze the relationship of ANGPTLS8 to GDM, whnatit was present in fetal life
and its relationship with fetal development, weluded 46 GDM and 37 control
pregnant women, matched for age and body mass,iedeslled in a prospective pre-
birth cohort, and their children (cohort 2). Thetmgpants were recruited at the time
of the antenatal oral glucose tolerance test (OGET)re the 30 week of pregnancy,
and were monitored from the time of inclusion urdilivery. All participants
underwent a 3 h, 100 g OGTT and those with 2 oremv@aues above the threshold
proposed by thé&ational Diabetes Data Grouprere considered GDM. Those with
values below the threshold were classified as obntdmbilical cord blood was
obtained at the time of delivery and a completehrmmpometric evaluation was
performed in 64 neonates (33 born to control woges 31 born to GDM women).
Fifthteen control and 29 GDM women were re-evaldate2-20 weeks after
pregnancy. The following three exclusion criteriarey applied before 36 weeks of

pregnancy: identified fetal anomalies, inflammatdigeases or preeclampsia.



Clinical and demographic data

Upon inclusion, demographic and historical inforimatof participants was collected
using an interviewer-administered questionnaireused on personal medical and
obstetrical history, and also information regarditige current pregnancy with
particular attention to risk factors for GDM. Matat anthropometry was recorded as
follows: height, pre-pregnancy weight and weighttta@ end of pregnancy in all
pregnancies. In the longitudinal study, weight wk® recorded at each evaluation, in
the first, second and third trimester of pregnamrg-pregnancy BMI was calculated
using the formula: pre-pregnancy weight (kg)/(hei@h))’. The same procedure was
used to calculate BMI in first, second and thiichester and postpartum evaluations.
Increased BMI was calculated by the formula BMIngaifinal BMI — pre-pregnancy
BMI.

Neonatal length and weight were determined in attipipants within 48 hours post-
delivery using a measuring board to the nearest®nd a calibrated scale to the
nearest 10 g. Infant size was defined accordingesiational age and sex population
specific growth charfé as large for gestational age (LGA) if the infantsre >98'
percentile birth weight at each gestational agefdtal sex, and small for gestational
age (SGA) when they were <i@ercentile. Those with birth weight4 0" and<90"
percentiles were considered adequate for gestatiage (AGA). Tricipital,
subscapular and suprailiac skinfold thickness weeasured within the first 48 hours
of life. The sum of the three skinfolds (SSF) waedi as a surrogate marker of
neonatal fat mass SSF showed a normal distribution without sigifit differences
between infants born to GDM and those born to abmtrothers. The cutoff points
used to establish the three subgroups were the@&entile (10.84 mm) and the'75

percentile (12.46 mm). Subgroup 1 included pregmannen and their infants with



SSF below 10.84 mm, subgroup 2 included those 88k between 10.84 and 12.46
mm and subgroup 3 included those with neonatal &®ke 12.46 mm.

Laboratory analysis

Maternal blood samples were obtained after an agietfast and during pregnancy at
the time of OGTT. Cord blood samples were obtaifrech the umbilical vein at
delivery. Serum was immediately separated by degttion and frozen at -80° C
until laboratory determinations. Circulating ANGPRd levels in human samples were
determined using a commercially available ELISA(Kituhan Eiaab Science, Wuhan,
China; catalog No. E11644h), with an intra-assagffament of variation (CV)
<6.5%, inter-assay CV < 9.2% and spike averagevergoof 102%. ELISA
validation was performed by western blotting andoad correlation between both
methods was observed (Supplementary Figure 1). dnss samples, ANGPTLS8
levels were determined using the Mouse ANGPTLS8 RLKSt (Aviscera Bioscience,
Santa Clara, CA.; catalog No. SK00528-16), withrara-CV 4-6% and inter-CV 8-
12%. To avoid the influence of interassay variatidetween maternal and fetal
concentrations, ANGPTLS8 levels in the same mateietal pair were assayed in the
same experiment. Serum fasting glucose, insuliglyterides, total cholesterol and
high-density lipoprotein were determined by staddanzymatic methods. Insulin
resistance an@-cell function were estimated using homeostatic model assessment
(HOMA) IR and HOMAS$ as describetf.

In vitro cell culture

The Simpson-Golabi-Behmel Syndrome (SGBS) preagigocell line, provided by
Dr Wabitsch (University of Ulm, Germany), was usesla cellular model of human
subcutaneous white adipocytes (hWA) and was diftexed as describél PAZ6

cells, kindly provided by Dr. Tarik Issad (Instit@ochin, France), were used as a



cellular model of human brown adipocytes (hBA)An immortalized brown
preadipocyte cell lif@ was used as a cellular model of murine brown aniEs
(mBA). To analyze ANGPTLS8 secretion, cell culturedium was collected from the
last two days of differentiation (between 10-14 gjayMedium was concentrated
using Amicom ultra columns (Millipore, Bilerica, MAprior to western blotting.
Adipose-derived stem cells (hASCs) were isolatemnfrthe subcutaneous adipose
tissue of lean patients and differentiated follogvia published protoc8l During
differentiation, hASCs cells were treated everyoselc day with ANGPTL8 (20
ng/mL; Aviscera Biosciences, Santa Clara, CA) orFEG (100 nM; PeproTech,

Rocky Hill, NJ).

Animal studies

Chronic AMPK activationin vivo was used as an induction model of browfing

Eight-week-old mice were treated with AICAR (0.5 /gigintra-peritoneal) three

times weekly for two weeks. Mice in the control gpareceived an equivalent volume
of vehicle. At the end of the treatment period,na@ads were sacrificed and adipose
tissue was harvested. The study was approved blotiaé ethics committee and all

procedures were performed in accordance with theerfaton of European

Laboratory Animal Science Association.

For studies in pregnant mice and fetuses, C57/@itafe mice were mated overnight
with male mice. The male was removed from the ctmge next morning. When

pregnant, the night after mating was considereddat day 18, pregnant mice and
age-matched non-pregnant female mice (controls;&=abimals per group) were

sacrificed by decapitation and blood was obtair@dplasma preparation. Fetuses
were removed by caesarean section. Interscapuldr fBAn pregnant mice, female

controls and fetuses was dissected and frozernufimegjuent analysis.



Gene expression analysis

Total RNA was extracted from adipose cells using RNeasy Mini Kit (Qiagen,
Hilden, Germany). Two micrograms of RNA was retoscribed with random
primers using the Reverse Transcription System [jagpBiosystems, Foster City,
CA). Quantitative gene expression was analyzedgusia TagMan Gene Expression
Assay (Applied Biosystems) on a 7900HT fast raaktiPCR system. The following
genes were evaluatedADRB3 (Hs 00609046 m1)COX411 (Hs00971639 m1),
COX7A1(Hs03045102_g1)CPT1a(Hs00912671_m1)CTBP1 (Hs00972284 m1),
ELOVL3  (Hs00537016 _m1l), FOXC2 (Hs00270951 sl1), PPARGCI1A
(Hs01016719_m1) PPARGC1B (Hs00991677_m1)PRDM16 (Hs00922674 m1),
ANGPTL8  (Mm01175863_gl), B2M  (MmO00437762_m1), TMEM26
(Hs00415619 m1), TBX1 (Hs00271949 m1), UCP1 (Hs00218820 ml1l and
MmO01244861_m1), anti8S(Hs03928985_g1).

Western blot analysis

Equal amounts of protein were subjected to SDS-PAI&sferred to immobilon
membranes and block€d Immunoreactive bands were visualized using Stige&s
West Femto chemiluminescent substrate (Pierce, fRatkIL) and images were
captured using the VersaDoc Imaging System and fuddne software (Bio-Rad,
Hercules, CA). The following antibodies were usedNGPTL8 (Aviscera
Biosciences, catalog No. SAB3501080), UCP1 (Sama @iotechnology, Santa
Cruz, CA; catalog No. sc-6528) and GAPDH (Sigmarishl St. Louis, MO; catalog
No. GW22763). For all the experiments, antibodyutibins were 1/1000 and

incubation was carried out at 4° C overnight.

Statistical analysis
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Data were analyzed with SPSS software version (iB®Il, Armonk, NY). The 1-
sample Kolmogorov-Smirnov test was performed tofyehe normal distribution of
the gquantitative variables. Normally distributedtadare expressed as meanzSD,
whereas variables with a skewed distribution apresented as the median [Q25-
Q75]. Categorical variables are reported as nur{fcentages) and chi-square test
was used to analyze differences between groupsdeBt's t-test and the paired t-test
were used to compare the mean values of continvatigbles normally distributed
between independent groups. Mann-Whitney-U and &ikon tests were used for
variables with skewed distributions. One-way ANOMW&Yuskal Wallis test and the
repeated measures ANOVA with post-hoc analysis wesed to test differences
between more than two variables as required. TlesBe correlation coefficient was
used to assess univariate relationships. Variahits skewed distribution were log-
transformed before analysis. A two-sidedsalue <0.05 was considered statistically

significant.

RESULTS

Circulating levels of ANGPTLS8 are regulated duringpregnancy

We first measured ANGPTLS levels from the firstthard trimester in a longitudinal
cohort of pregnant women. Table 1 summarizes @lngmd metabolic data of this
group (cohort 1). Serum ANGPTLS levels progressivde#creased across pregnancy
(Figure 1A), while BMI, HOMA-IR index, total chole=rol, triglycerides and insulin
concentrations increased. ANGPTL8 levels in eadmesster were positively
correlated between each other (data not shown), noutother association was

observed.
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We next measured maternal, cord blood and postpa#iNGPTL8 concentrations in
a larger cohort of GDM and control women and tludispring to assess differences
according to the maternal glucose tolerance stadng, to investigate possible
implications for fetal growth (cohort 2). Motherdanhild clinical metabolic data are
presented in Table 2. The HOMA-IR index and triglydes concentrations were
higher in the GDM group than in the control group=0.019 andP=0.006,
respectively). No differences were observed in paggy or postpartum maternal
ANGPTLS levels between both groups, whereas coodIANGPTLS levels were
lower in GDM women than in control womeR=0.033). GDM women gained less
weight at the end of pregnancy, mainly becauseloivar weight increase in the third
trimester.

In the whole group, ANGPTLS8 concentrations werengigantly lower in maternal
serum than in cord blood (2887.47+1195.62 vs. 358328.12 pg/mL;P=0.003)
(Figure 1B); however, this difference disappearéenvthe groups where considered
separately (Figure 1C). ANGPTL8 concentrations wsrgnificantly lower in
postpartum than in pregnancy (2221.98+1143.00 2%.52+175.39 pg/mLP<0.001)
when the whole group was analyzed, and remainetfis@nt when the groups were
considered separately (Figure 1B and 1C, respégtivEhis increase in ANGPTLS8
concentrations associated with pregnancy was disereed in mice (Supplementary
Figure 2). Similar cord blood ANGPTL8 concentrasonere observed according to
offspring sex (3089.57+978.65 in males vs. 30937/83t97 pg/mL in females;
P=NS). Maternal ANGPTL8 and cord blood ANGPTL8 levelere positively
correlated (r=0.426P<0.001) (Figure 1D), but no other significant asatians were

detected between ANGPTLS levels and other matemaéonatal parameters.
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Cord blood ANGPTLS8 and fetal growth

To investigate whether cord blood ANGPTLS levelsoasated with fetal growth, we
compared cord blood concentrations according tth biveight (SGA, AGA and
LGA). ANGPTL8 concentrations were significantly féifent among the three groups
(SGA: 3128+£1074.02, AGA: 2251.80+£1017.64 and LGAOR.35+1240.25 pg/mL,;
P=0.020) (Figure 1E). To assess whether this digiob was related to differences in
the amount of fat mass, we analyzed neonates anga the sum of skinfolds. We
observed a U-shaped curve, with the highest vatludise first and third tertile, and
the lowest in the second tertile. S(1tertile: 3305.03+840.70, "2 tertile:
2670.27+883.55 andBtertile: 3039.76+764.59 pg/mIB=0.047) (Figure 1F). These
differences remained after adjusting for GDM diagjaoNo differences in ANGPTLS8
concentrations were observed according to the ofpleirth (vaginal, scheduled or

unplanned cesarean).

ANGPTLS is secreted by brown adipocytesn vitro and is related to a browning
phenotype in mice and humans

Given the high levels of cord blood ANGPTLS8 andritationship with neonatal fat
mass, we next examined the potential effect of tistein on adipose tissue
metabolism. Furthermore, considering the relevaotAT in fetal life and in
pregnancy together with the high levels of ANGPTdl&erved in both settings, we
also explored whether this protein may be involiedhe regulation of BAT and
browning.

Analysis of several adipocyte cell lines revealed presence of ANGPTLS8 in the
culture medium as determined by western blottingcohcentrated supernatants

(Figure 2A), suggesting a process of secretion. edeer, higher amounts of

13



ANGPTL8 were found in supernatants from human andime brown adipocytes
(hBA and mBA) than in the white adipose cell lineBWA) (Figure 2A). To
investigate the relationship between ANGPTL8 anawming of WAT in vivo, we
used prolonged AICAR-induced AMPK activation asraviming stimulus in mic¥.
Consistent with previous findings observed in gaddf®, an increase in protein
expression of the BAT marker Uncoupling protein UCP1l) was detected in
subcutaneous WAT of mice following pharmacologiaefivation of AMPK (Figure
2B). Notably, this increase in browning correlate@dh a significant increase in
ANGPTL8 protein levels (Figure 2B). Alternative lnoing agents, such as
FGF21%* and irisin®*"* also increased ANGPTLS levels iof vitro differentiated
hASCs (Figure 2C). A unique browning model in adatid is pheochromocytoma, as
this adrenal tumor has an excess of catecholam#ceetson that induces BAT
markers in peritumoral adipose tissue. Remarkallysignificant increase of
ANGPTLS levels in visceral adipose tissue of pheooiocytoma patients was also
found (Figure 2D), confirming that expression of GRTLS8 is particularly high in
inducible beige/brite adipose tisStieFinally, chronic ANGPTL8 exposure during
hASC differentiationin vitro induced a BAT expression profile as illustrated @by
significant increase in the mRNA levels of brownpagyte markers such as UCP1,
TMEM26, TBX1 andp3-AR (Figure 2D). Overall, our results point to AREL8 as

a new factor released by both classic and indu@®B&, with a significant browning

effect on precursor cells derived from human WAT.

DISCUSSION

Pregnancy is associated with changes in materntbokc homeostasis that induce

modifications in the fetal and maternal hormonalieui In the present study, we
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show that serum ANGPTLS levels fluctuate dramalyodiliring this period, with peak
levels found during the first trimester and theteafdecreasing as pregnancy
progresses. Furthermore, we confirm that ANGPTLBresent during fetal life with
high circulating levels in cord blood, and exhibasU-shaped relationship with
neonatal fat mass. Interestingly, we also showtlier first time that ANGPTLS is
secreted by brown adipocytes, suggesting that BAY be an alternative source of

the peptide. Intriguingly, ANGPTLS8 also inducesrawning effect on WAT.

Few studies have explored the regulation of ANGPdu8ng pregnancy and, to the
best of our knowledge, changes in ANGPTL8 concéotra along pregnancy have
not previously been investigated. We found thairdunormal pregnancy, maternal
circulating ANGPTLS8 levels are approximately tetdfbigher than in the non-
pregnant state, and decrease progressively fronfirdteto the third trimester. Our
results are in accord with recent reports from Ebeal™® and Trebotic et di’, who
observed increased ANGPTL8 concentrations in pmegyna Contrastingly,
Wawrusiewicz-Kurylonek et df failed to find differences in ANGPTLS
concentrations during pregnancy, although in thiglys pregnancy blood samples
were obtained at a later timepoint, close to theppeum period. The role of
ANGPTLS in glucose homeostasis, as a promotingofaidr (3-cell proliferation in
insulin resistance stateshas been recently questiofe®. In line with this
controversy and in agreement with other regdtfswe were unable to demonstrate a
relationship between insulin secretion markers ANGGPTL8 concentrations in a
physiological environment of marked insulin resisi& Indeed, we found that as
maternal weight, insulin concentrations and HOMA#Rex increased, ANGPTLS8
concentrations decreased but not in a synchronoasnen because no inverse

relationship was found. Supporting this observatiogimilar ANGPTLS
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concentrations were found in GDM and control wordening pregnancy, unlinking
this protein to glucose metabolism in pregnancyesehdata conflict with previous
reports that describe increased ANGPTLS levels DbMGvomen>*¢ which could be
attributed to differences in the sampling timegmthe ELISA usedf. However, no
clear relationship with insulin sensitivity or insusecretion variables were found in
these studies and only an inverse correlation @Hbeptide was described, both in
normal and in GDM pregnant women. These data resafthe lack of association
between ANGPTL8 and glucose metabolism during pagy. Outwith pregnancy,
data for type 2 diabetes and obesity has also adekhuivocal resufts®***? and
assay-dependent variability because of differencegproteolytic degradation of
ANGPTL8 have been propos&dFull length ANGPTLS is cleaved at a proprotein
convertase consensus site, releasing the N-terrdorakin. The ELISA kit used in
the present study (EIABB) detects the N terminugl aneasures full-length
ANGPTL8 concentrations. By contrast, other assayh sas those from Phoenix
Pharmaceuticals detect an epitope from the C-t@dmdomain, measuring all
ANGPTLS species including full-length and C-termrlifi@gments. In pregnancy, a
recent report showed that ANGPTL8 concentrationasueed by two methods,
despite correlating significantly with one anothgiglded contrasting resulfs
Moreover, given that ANGPTLS8 expression is regulaby cold exposuré fasting
and feeding? and that pregnancy is characterized by changekeirregulation of
postprandrial and postabsortive glucose and lipetalmolism, differences in diet

composition and sampling time might also explagsthdiscrepancies.

We show that ANGPTLS is present during fetal lifedats concentrations are much
higher in umbilical cord blood than in maternalisar Some authors have suggested a

role for ANGPTLS inp-cell proliferation during fetal lif’; however, the lack of a
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relationship of ANGPTL8 with insulin-secretory mark together with the recent
doubts raised concerning its capacity to indfeeell expansiof'® lead us to
propose a potential involvement of ANGPTL8 in fetabwth and development.
ANGPTLSis known to be highly expressed in the IyaVAT and BAT', and to a
lesser extent in placerita ANGPTL8expression is induced by environmental and

§21° and also by stimuli known to induce browrthgndeed, we

nutritional factor
demonstrate for the first time that BAANGPTL8expression in both pregnant mice
and fetuses follows the same patternU&3P1 (Supplementary Figure 3). Thus, a
down-regulation oANGPTLS8is detected in BAT of pregnant mice, in line witte
decrease in the thermogenic activity of BAT duripgegnancy?*°. Conversely,

higher expression levels BNGPTL8were detected in BAT from fetuses at term than

in adult mice.

Until now, no data have been published on BAT asaéiernative source of
ANGPTL8. We show here that murine and human brosipazyte cell lines express
this protein. The protein characteristics of ANGBTuggest that it might function as
a secreted factor since it lacks features indieatiff enzymatic activity®, however,
until now, no study had reported ANGPTL8 expressianadipocyte cultures.
Additionally, we also show that ANGPTL8 has a brawgneffect on WAT and
induces brownish characteristics in differentiatelSCs as demonstrated by an
increase in UCP1 expression. Moreover, and in anerasimilar to that proposed for
irisin®’, we found that FGF21, a well-known brown fat thegenic effector in murine
model$®, induces ANGPTL8 and UCP1 expression in hASCs.le€tvely, our

results imply a possible role for ANGPTLS in redguig browning.
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BAT is visible in fetuses from around mid gestatiorhen fetal adipose tissue first
appears. BAT mass increases through late gestatmma maximun just before birth,
providing the newborn with protection against cekposure. This process requires
the orchestration of several endocrine stimulatacyors which act to maximize both
the amount and the thermogenic potential of UPHowever, UCP1 gene
expression up to term is susceptible to changethén maternal nutritional and
endocrine environment, which can result in eitheirerease in the total amount of
fat and/or a change in UCP1 abundance and ther&é/E It is proposed that
reduced maternal food intake through late gestationnormal pregnancies is
accompanied by a decrease in fetal WAT and normalats of BAT™. On the other
hand, increased maternal nutrient supply to thasfebhduces an increase in the
amount of BAT and WAT adipose tissue depots, alghoohanges due to GDM

remain unknowft,

Interestingly, in our cohort, cord blood ANGPTL8ncentrations were higher in SGA
newborns and also in those with the lowest amot@ifdtomass, and this association
was independent of the maternal glucose toleratatass ANGPTL8 concentrations
were lowest in AGA and in those in the second leedf fat mass. Considering that
BAT can secrete ANGPTLS8, which can then stimulatnming, we are tempted to
speculate that in fetuses with low amounts of fassn and therefore low protective
insulator capacity, the high ANGPTL8 concentratiafserved are a compensatory
mechanism to a condition of low BAT mass. ANGPTIdghcentrations exhibited a
trend to be higher in newborns with the highest amoof fat mass and LGA.
Considering that emerging evidence suggests thatagsociation between birth

weight and metabolic disorders may not be liffeathe U-shaped relationship
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observed in our study with cord blood ANGPTLS8 cartcations point to a potetnial

role for ANGPTLS in the modulation of energy meth&m later in life.

In contrast to a recent reptit we observed lower cord blood ANGPTLS
concentrations in offspring of GDM mothers thanthiwse born to control mothers,
despite the finding that newborns had similar biriights and neonatal adiposity. In
our cohort, BMI gain was lower in GDM than in caitwwomen, resulting from a
reduction in food intake that may be accompaniedabgeduction in the nutrient
supply to the fetus. It is well known that treatB@M is associated with deceleration
of fetal growth velocity and normalization of binteight and fetal adiposity** In

animal models, a reduction in food consumptionhi@ tinal months of gestation is
accompanied by a reduction in WAT rather than iowir adipocyte numb&t

Considering this and the fact that the reduced amofifat present in the newborn
has a greater capacity to retain UCP1, indicativa protective mechanism against

cold exposure after birth, we believe that offsgraf GDM women might have more

efficient BAT and therefore the compensatory insesimn ANGPTLS8 is not needed.

We are aware that this work has some limitatiorfee ©bservational design of the
study does not allow for causal inference betwéenanalyzed variables and so we
cannot establish a direct relationship between ddabd ANGPTL8 and brown

adipose homeostasis in the setting of pregnancyeileless, in support of our
hypothesis two recent reports have proposed thed btood irisin, a myokine

involved in browning, is also a marker of the BA@pat in early life, suggesting that
in low birth weight infants it might be a biomarkar the appearance of insulin

resistance in later lifé*®
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In summary, we show that maternal ANGPTL8 concdiotna are increased in
pregnancy and in fetal life and, in the latter &fton, seem to be regulated by
nutritional factors. We propose that ANGPTL8 mifmction to activate and expand
the thermogenic machinery during the fetal-neon@taisition, thereby providing a

robust defense against hypothermia.
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Table 1.

population studied during pregnancy

ANGPTL8 concentrations, clinical and metabolicrgmaeters of the

1st trimester 2nd trimester 3rd trimester P

Evaluation Evaluation Evaluation value
Gestational 10.09+1.38 25.64+1.63 33.27+1.56 -
week (weeks)
BMI 24.91.00+4.77 26.97+4.46 28.12+4.55 <0.001
(kg/m?)™
Glucose 83.67+5.73 78.07+7.00 81.04+6,78 0.003
(mg/dL)”
Insulin 6.83[4.80-11.37]| 9.34[7.62-10.67] 11.94[7.01-16.09]023
(mcUl/mL)"™
HOMA-IR™ 1.37[1.07-2.25] 1.78[1.42-2.19] 2.56[1.33-3.47] 03B
HOMA-B " 126.00[70.38- | 213.90[152.16- | 244.40[184.35- | 0.002

227.70] 552.15] 297.56]
Total 173.24+27.83 236.98+27.98 264.42+33.05 <0.001
Cholesterol
(mg/dL) ™
HDL 61.28+8.07 70.06+12.27 69.96+13.99 0.014
Cholesterol
(mg/dL)”
Triglycerides 75.27+36.28 161.18+62.16 201.27+74.12 <0.001
(mg/dL)"™
ANGPTLS 3540.15+2782.54 3247.54+2374.89 2191.16+1274.57310.0
(pg/mL)

* P<0.05 between®! trimester and r?trimester;
t.P<0.05 between®i trimester and'$ trimester.
t. P<0.05 between™ trimester and "3 trimester
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Table 2. Clinical and metabolic characteristics of the neothnd infants pairs

Control GDM P
(N=37) (N=46) value
Maternal Characteristics in Pregnancy
Age (years) 31.49+5.44 32.11+4.92 NS
Gestational week (weeks) 27.24+1.30 27.55+1.89 NS
Prepregnancy BMI (kg/f) 24.75+4.14 25.66+4.89 NS
ABMI (kg/m°) 4.80£1.76 3.57+2.08 0.005
ABMI in third trimester 2.13+1.18 0.80+1.12 <0.0011
(kg/n)
Fasting Glucose (mg/dL) 80.30+7.24 85.38+11.03 8.01
Total Cholesterol (mg/dL) 254.64+36.52 254.06+41.63| NS
HDL Cholesterol (mg/dL) 76.19+13.48 71.50+£13.98 NS
Triglycerides (mg/dL) 159.92+39.55 193.06+65.98 08.0
Fasting Insulin (mUI/L) 7.39 (5.46-11.20) 9.86 (6:04.72) 0.033
HOMA-IR 1.48 (1.05-2.24) 2.08 (1.39-3.37) 0.019
HOMA- Pregnancy 184.99 (127.69- 157.15 (128.73- NS
249.75) 279.14)
MANGPTLS8 (pg/mL) 2941.28+1128.46 2667.30+1198.11 NS
Newborn Characteristics®
Gestational week deliver 39.32+1.56 39.09+1.23 NS
(week)
Male sex, n (%) 17 (45.95%) 27 (57.45%) NS
Birth weight (g) 3320.65+530.08 3283.40+434.19 NS
Birth weight Z-Score 0.48+0.92 0.36+0.91 NS
Sum Skinfolds (mm) 12.37+2.67 11.35+1.79 N$
Cord blood Insulin (mUI/L),  4.37 (2.66-8.48) 4.89 (3.17-11.05) NS
Cord blood ANGPTL8 3325.02+617.44 2883.26+1043.79 0.033
(pg/mL)
Pospartum®
Postpartum Evaluatio 5.04+7.54 3.9045.63 NS
(months)
BMI (kg/m°) 25.27+4.94 26.25+5.24 NS
Glucose (mg/dL) 91.927+7.42 91.93+9.40 NS
Insulin (mUI/L) 6.17[5.34-10.48] 5.73[4.98-10.79] N
Total Cholesterol (mg/dL) 204.41+33.35 211.41+31.89| NS
HDL Cholesterol (mg/dL) 69.03+14.20 62.82+15.03 NS
Triglycerides (mg/dL) 76.07+34.04 81.46+34.09 N$
HOMA-IR 1.45 (1.08-2.12) 1.35 (1.06-2.47) NS
HOMA- 87.87 (72.33-138.00 82.92 (167.38-| NS
110.91)
ANGPTLS8 (pg/mL) 394.10+245.97 294.98+129.30 NS

a. Newborn evaluation: 33 born to control womed ah born to GDM women.

b. Postpartum evaluation: 15 control and 29 GDM wom
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FIGURE LEGENDS

Figure 1. ANGPTLS8 concentrations in pregnancy, pdpartum and cord blood.
(A) Maternal serum ANGPTL8 concentrations in each tsit@eof normal pregnancy
were compared with repeated measures ANOVA0(011)(B) Paired t-test between
ANGPTL8 concentrations in gestation and in cordoblobetween ANGPTLS in
gestation and postpartum, and between ANGPTLS8 cdreteons in cord blood and
postpartum in the whole group ari@) in the control and GDM group analyzed
separately(D) The Pearson correlation between maternal (27 wetksegnancy)
and cord blood ANGPTLS8 concentratiofts) Cord blood ANGPTL8 concentrations
in newborns according to birth weight afg to sum of skinfolds tertileanalyzed by
ANOVA (P<0.05 for both). For all graphics, groups with drént letters are

significantly different P<0.05).

Figure 2. ANGPTLS is secreted by brown adipocytesral stimulates browning.
(A) Brown adipocytes secrete ANGPTL@8ells were differentiated as described and
conditioned medium was collected after 12 days dfem@ntiation. Secreted
ANGPTLS8 was analyzed by western blotting of conett medium obtained from
murine and human brown adipocytes (mMBA and hBApeesvely) and human white
adipocytes (hWA). Ponceau S staining was used tidlyvequal loading of proteins
from the conditioned media. A representative expent is shown together with
densitometric analysis (n=3]B) Prolonged AICAR-induced AMPK activatiom
vivo increases ANGPTLS8 protein levels in inguinal adgpdissue. UCP1 expression
was used as a positive control of browning. GAPDébswsed as a loading control.
(C) Browning of hASCs is related to increased ANGPTKk®ression. hASCs were

treated with FGF21 (100 nM) or Irisin (10 nM) evesecond day during
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differentiation and mRNA ANGPTL8 levels were anagz by gPCR. Gene
expression of ribosomal 18s was used for normadzatMeantSEM. *,P<0.05,
Student’s t-test(D) ANGPTL8 is increased in pheocromocytoma-induced adult
human brown adipose tissue. The expressionUafP1 and ANGPTLS8 were
determined by gPCR in visceral AT from healthy goietochromocytoma subjects.
Gene expression oPPIA was used for normalization. Mean+SEM. P<0.05,
Student’s t-test(E) ANGPTL8 inducesUCP1 expression in hASCs. Cells were
treated with ANGPTL8 (20 ng/mL) every second dayimy differentiation and
MRNA levels of several browning markers were stddi&ene expression of

ribosomal 18s was used for normalization. Mean MSE P<0.05. Sudent’s t-test.
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Brief Commentary
Background

ANGPTLS, a protein implicated in lipid and glucose homeostasis, is present only
in mammals, suggesting a role in processes unique to these vertebrates such as
pregnancy and homeothermy.

Translational Significance:

We have studied ANGPTLS levels in both maternal and cord blood during normal
pregnancy and gestational diabetes, and its potential relationship with newborn
adiposity. Additionally we have explored the connection between ANGPTL8 and
brown fat using in vivo and in vitro experimental models of white-to-brown fat
conversion (browning). Our study suggests that ANGPTL8 might be involved in
fetal growth by acting on the thermogenic machinery during the fetal-neonatal
transition.



