
von Loeffelholz C.et al. Betatrophin in NAFLD … Horm Metab Res 2017; 49: 343–349

Endocrine Care

ANGPTL8 (Betatrophin) is Expressed in Visceral Adipose Tissue and 
Relates to Human Hepatic Steatosis in Two Independent Clinical 
Collectives
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Abstr Act

An iopoietin li e protein  AN L betatrophin e pression in vis
eral a ipose tiss e an  asso iations ith ir latin  att  a i  pro le 

have not et been investi ate .
Fort  s b e ts ere in l e  in a ross se tional st  7 in a ietar  

ei ht re tion intervention. Cir latin  An iopoietin li e protein 
betatrophin as meas re  in all s b e ts. Liver an  a ipose tiss e ere 
sample  an  plasma att  a i s an  tiss e An iopoietin li e protein 
betatrophin e pression ere eval ate  in the ross se tional st . n 
the intervention st  oral l ose testin  an  liver ma neti  resonan e 
s annin  at baseline an  a ter  months ere per orme . An iopoie
tin li e protein betatrophin mRNA as in rease  in vis eral ompare  
to s b taneo s a ipose tiss e p  0.001 . Cir latin  AN L beta
trophin orrelate  ith liver steatosis r  0.42  p  0.047  tria l l erols 
r  0.34  p  0.04  sat rate  r  0.43  p  0.022  mono nsat rate  
r  0. 1  p  0.007  an  pol nsat rate  att  a i s r    0. 3  p  0.004 . 
n the intervention st  baseline An iopoietin li e protein betatro

phin orrelate  ith a e r  0.32  p  0.010  an  tria l l erols r  0.30  
p  0.02  an  as in rease  ith hepati  steatosis p  0.033 . ei ht loss 
re e  liver at b  4   an  ir latin  An iopoietin li e protein be
tatrophin b  11  2   17 vs. 2   17 p ml; p  0.01 . An iopoie
tin li e protein betatrophin is relate  to liver steatosis  hile vis eral 
a ipose tiss e represents an a itional site o  e pression in h mans.

   al ontrib tion
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Abbreviations
A C  Area n er the rve
AT  Adipose tissue
BM   Bo  mass in e

L A  nz me lin e  imm nosorbent assa
FA  Fatt  a i s
FAM   Fatt  a i  meth l esters
H MA R  Homeostasis mo el assessment o  ins lin resistan e
mRNA  Messen er ribon lei  a i
NAFLD  Nonal oholi  att  liver isease
SCAT  Subcutaneous adipose tissue

2D  pe 2 iabetes mellit s
A   is eral a ipose tiss e

ntro tion
n a re ent animal st  An iopoietin li e protein  AN L  

also no n as betatrophin  h man C19 RF 0  lipasin  or R FL as 
reporte  to promote pan reati  beta ell mass proli eration in ro

ents hile amelioratin  l ose metabolism 1  2 . Ho ever  this 
n in  o l  not be repro e  b  others 3 . n h mans  most 
4–  b t not all 9  10  lini al st ies in t pe 2 iabetes mellit s 

2D  observe  orrelations o  ir latin  AN L betatrophin 
ith variables o  l ose homeostasis. Moreover  even iabeti  ne

phropath  an  retinopath  have been relate  to a omple  net or  
o  involve  biomar ers in l in  ir latin  AN L betatrophin 
11–13 . ther ise  no relationship o  AN L betatrophin ith 

C pepti e levels o l  be establishe  in iabeti  patients 14  1 . 
he latter is s pporte  b  e perimental ata in i atin  that asso
iations o  AN L betatrophin an  l ose metabolism annot 

lar el  be e plaine  b  enhan e  ins lin se retion 1  17 . here
ore  effe ts on ins lin sensitive tiss es ma  ontrib te to the ob

serve  relationship.
Nonal oholi  att  liver isease NAFLD  pre isposes h mans 

to 2D 1  as NAFLD is losel  relate  to ins lin resistan e  res lt
in  in h perins linemia  h per l emia an  h pertria l l er
olemia 19  20 . he liver as reporte  as a ma or site o  AN L
betatrophin e pression in h mans 21 . Moreover  AN L be
tatrophin is asso iate  ith slipi emia in ro ents an  h mans 
3   9  parti larl  bein  involve  in tria l l erol metabolism 
22 . A or in l  e h pothesize  that liver at an  AN L be

tatrophin pro tion o l  intera t lo all  an  thereb  sho  in
terrelations ith ins lin resistan e an  ir latin  lipi  pro les. 

here ore  in a ross se tional ohort an  an in epen ent inter
vention st  e teste  the h pothesis that hepati  steatosis is 
relate  to AN L betatrophin in h mans  an  that liver at re

tion e to h po alori  ietin  re es ir latin  AN L
betatrophin. e  moreover  eval ate  hether bloo  lipi s an  
main att  a i  FA  spe ies in plasma are asso iate  ith AN L
betatrophin. As a ipose tiss e A  represents an alternative site 
o  AN L betatrophin mRNA e pression 21  e nall  eter
mine  hether in h mans  vis eral a ipose tiss e A  an  s b

taneo s a ipose tiss e CA  sho  omparable e pression lev
els o  AN L betatrophin an  ho  these relate to ir latin  
levels.

b e ts an  Metho s
Study groups and ethics

e investi ate  s b ro ps rom 2 in epen ent st ies. he st  
proto ol as approve  b  the instit tion s h man resear h om
mittee  respe tivel . n orme  onsent as obtaine  rom all pa
tients or bein  in l e  in the st . n orme  onsent as ob
taine  a ter ll e planation o  the p rpose an  nat re o  all pro
e res se . All pro e res ollo e  ere in a or an e ith the 

ethi al stan ar s o  the responsible ommittee on h man e peri
mentation instit tional an  national  an  ith the Helsin i De
laration o  197  as revise  in 200 .

e in l e  s b e ts rom the ross se tional N H  er
man Clini al rials Re ister: DR 0000 4 0  st  23 . his ro p 
omprise  24 parti ipants hara terize  b  the presen e o  histo

lo i all  proven liver steatosis b t absen e o  2D  an  1  s b e ts 
itho t hepati  steatosis  ins lin resistan e or 2D. e rther 

anal ze  7 parti ipants o  the B MAR  Clini al rials. ov en
ti er: NC 009  st . he B MAR  st  as esi ne  as a 
prospe tive  ran omize  trial to ompare ei ht loss an  han es 
o  metaboli  an  ar iovas lar variables ith re e  arboh

rate or re e  at h po alori  iets 24 .

Basic characteristics, clinical chemistry and assays
Me i al histor  an  anthropometr  ere eval ate . ral l ose 
toleran e testin  as per orme  in B MAR  s b e ts 24 . ns lin 
resistan e as estimate  b  the homeostasis mo el assessment 
o  ins lin resistan e H MA R  bloo  l ose  ins lin  lipi s  an  
in ammator  mar ers ere meas re  b  stan ar  metho s in all 
s b e ts in erti e  Clini al Chemistr  Laboratories 23  24 . Cir

latin  AN L betatrophin as anal ze  b  enz me lin e  im
m nosorbent assa  L A; han iaab ien e  han  China; 

11 44h  intra assa  oe ient o  variation   4.   inter assa  o
e ient o  variation   7.2 . Cir latin  a ipone tin AL C  m
m noassa s  alem  NH  A; 47 AD H 01  as meas re  in 
B MAR  parti ipants.

Sampling of tissue specimen
n N H  s b e ts  liver spe imen ere harveste  rom a health  

liver se ment an  histopatholo  as eval ate  a or in  to a ept
e  riteria 23 . Liver s r er  as in i ate  or non mali nant or ma
li nant in i ation. amples o  CA  an  A  ere ta en b  ni e e
tra tion in the same s r i al settin . All samples ere imme iatel  

ash rozen in li i  nitro en an  store  at   0 C ntil anal sis.

Lipid analysis
Lipi s ere e tra te  rom plasma o  N H  s b e ts n  27  an  
anal ze  or FA spe ies 2 . FA on entrations are e presse  as 
the per enta e o  the total area o  all FA pea s   o  total att  a i  
meth l esters  FAM .

Oral glucose tolerance test
A ter an overni ht ast  bloo  samples ere obtaine  in B MAR  
s b e ts at baseline an  a ter oral l ose loa in  7   l
ose 00 ml  at 1  30  4  0  7  90  an  120 min or anal sis o  
l ose an  ins lin 24 .
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Magnetic resonance spectroscopy of the liver
All in l e  B MAR  s b e ts ha  omplete  a ma neti  reso
nan e MR  s an at baseline n  7  an  a ter  months ietar  in
tervention n  2  24 . ntrahepati  lipi  HL  ontent as as
sesse  b  1H MR spe tros op  o  the liver 24 .

Real time PCR
AN L betatrophin messen er mRNA as anal ze  in liver tis
s e  CA  an  A  o  N H  s b e ts b  means o  real time CR 
2 . rimer se en es se  or anal sis ere as ollo s: C

CCC A CACC C 3  an  CA AA C AC A
CA 3  or AN L betatrophin; ACAC CAAAACAA
CA 3  an  CC CACCA CAA C 3  or h po an
thine anine phosphoribos ltrans erase 1 H R 1  hi h as 

se  or normalization.

Statistics
Data ere anal ze  ith BM  22.0 Chi a o  L  A . Data are 

iven as mean  M i  not other ise state . Lo arithmi  trans or
mation o  ata as per orme  i  re ire . Depen in  on ata is
trib tion the ollo in  pro e res ere se : earson s or pear
man s ran  orrelation oe ient  r s al allis test ith Bon er
roni post ho  a stment or m ltiple testin  t ent s t test or 
Mann– hitne  test. i ni an e level as e ne  as 2 si e  
p  0.0 .

Res lts
ANGPTL8/betatrophin mRNA expression in INSIGHT 
subjects

e ete te  AN L betatrophin mRNA in the liver o  97  o  all 
N H  s b e ts  in A  o  92  an  in CA  o  7  . No asso ia

tion o  either CA  r    0.1  p  0.41  A  r    0.27  p  0.13  
or liver r    0.13  p  0.47  AN L betatrophin mRNA ith ir

latin  levels as o n . ther ise  a ter a stment or a e ir
latin  AN L betatrophin orrelate  ith A  mRNA 

r    0.33  p  0.0  an  si ni antl  ith ombine  mRNA levels 
o  liver tiss e  A  an  CA  r    0.3  p  0.029 . Moreover  liver 
mRNA as relate  to ir latin  AN L betatrophin a ter a

stment or H MA R r    0.3  p  0.034 . Remar abl  in A  e 
observe  si ni antl  hi her AN L betatrophin mRNA levels 
in A  as ompare  to CA  p  0.001; Fig. 1  here e pression 
levels ere ne li ible.

Associations of ANGPTL8/betatrophin with NAFLD 
related variables in INSIGHT
Chara teristi s o  the N H  ro p are iven in table 1. Circu
latin  AN L betatrophin as n meri all  in rease  in NAFLD 
vs. non NAFLD s b e ts  b t this i  not rea h statisti al si ni

an e p  0. 0; table 1 . Cir latin  levels ere positivel  orre
late  ith hepati  steatosis r  0.42  p  0.047; Fig. 2  a e 
r  0.44  p  0.00  ser m tria l l erols r  0.34  p  0.04  

plasma sat rate  FA r  0.43  p  0.022; suppl. Fig. 1s  an  plas
ma mono nsat rate  FA r  0. 1  p  0.007; suppl. Fig. 2s . B  
ontrast  a ne ative asso iation o  ir latin  AN L betatro

phin an  plasma pol nsat rate  FA as observe  r    0. 3  
p  0.004; suppl. Fig. 3s . A ter a stment or a e ir latin  
AN L betatrophin as ne ativel  relate  to lo  ensit  lipo
protein LDL  r    0.3  p  0.042  an  hi h ensit  lipoprotein 
HDL  r    0.37  p  0.029 .

Hepati  AN L betatrophin mRNA orrelate  ith the NA  
r  0.3  p  0.023  hepati  steatosis r  0. 2  p  0.009; suppl. 

Fig. 4s  hepato te balloonin  e eneration r  0.4  p  0.003  
an  H MA R r  0.3  p  0.030 . ther ise  no asso iations ere 
o n  re ar in  rther variables o  l ose metabolism.

Modification of ANGPTL8/betatrophin by long term 
dietary intervention in B-SMART subjects
Baseline hara teristi s o  B MAR  parti ipants are iven in 

table 2. Baseline anal sis o  ir latin  AN L betatrophin in 
the B MAR  ohort reveale  a orrelation ith a e r  0.32  
p  0.010  an  ser m tria l l erols r  0.30  p  0.020; suppl. 
Fig. 5s . A lose to si ni ant orrelation as also observe  ith 
area n er the rve A C  ins lin rin  the oral l ose toler
an e test r  0.2  p  0.0 2; suppl. Fig. 6s . ith a stment or 
a e  the orrelation ith ins lin A C be ame si ni ant r  0.33  
p  0.012  hile the orrelation ith ser m tria l l erols re
maine  n han e  r  0.32  p  0.02 . hen strati e  a or in  
to HL ontent  parti ipants ith hepati  steatosis ha  elevate  
AN L betatrophin ompare  to parti ipants ith normal liver 
at ontent p  0.033; Fig. 3 . ith ietin  bo  ei ht e
rease  .9    7.4  to ether ith re tions in HL b  4   an  

plasma AN L betatrophin b  11  2   17 vs. 2   17 p ml; 
p  0.01 ; Fig. 4 . Cir latin  AN L betatrophin re tions 
ten e  to be more prono n e  on the re e  at ompare  ith 
the re e  arboh rate iet   37  17 vs.   20  17 p ml .

Fig. 1 AN L betatrophin mRNA in s b taneo s vs. vis eral 
a ipose tiss e. AN L betatrophin mRNA as ete table in 92  
o  A  samples in N H  st  s b e ts an  7   CA  samples. 
Levels o  AN L betatrophin mRNA ere si ni antl  in rease  in 
h man A  ompare  to CA  p  0.001 . CA : b taneo s 
a ipose tiss e; A : is eral a ipose tiss e. Bo es span rom 2 th–
75th per entile  error bars in i ate 10th and 90th per entile;    
p  0.0 .
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Discussion
r st  in i ates that AN L betatrophin mRNA is e presse  

at hi her levels in h man vis eral ompare  to s b taneo s a i

pose tiss e an  e e pan  previo s n in s b  sho in  orrela
tions o  AN L betatrophin ith main att  a i  spe ies in 
h man plasma. e rther on rm re lation o  AN L beta
trophin b  n tritional interventions  an  asso iations ith liver ste
atosis  a e  parameters o  ins lin resistan e an  lipi  metabolism 
in 2 in epen ent olle tives.

A entral  et not ll  el i ate  aspe t is the tiss e spe i  
ontrib tion to ir latin  AN L betatrophin levels. he mRNA 

e pression o  AN L betatrophin as reporte  to be ver  hi h 
in the liver ompare  to other or ans an  tiss es in h mans  hile 
in mi e A  as i enti e  as an a itional e pression site 1  21 . n 
o r st  hepati  AN L betatrophin mRNA orrelate  ith 

ir latin  levels a ter a stment or H MA R  s pportin  the 
liver as a main ontrib tor. Ho ever  ontrastin  ith earlier n
in s 1  21  AN L betatrophin mRNA as also ab n antl  e
presse  in A  in o r s b e ts. his observation as s pporte  b  
a orrelation o  A  mRNA ith a e a ste  ir latin  AN L
betatrophin. ther ise  h man e pression patterns in at tiss es 

ere previo sl  anal ze  in ommer iall  available DNA arra s 
an  hara teristi s o  the onor pop lation remain there ore n
reporte  21 . r spe imen ere harveste  intraoperativel  n er 
per se  on itions rom hara terize  patients. ariable res lts 
o l  there ore be at least partiall  attrib te  to potential iffer

en es re ar in  the onor ro ps. e moreover observe  
AN L betatrophin mRNA e pression in A  to be hi her om

table 1 Chara teristi s o  N H  parti ipants 23 .

characteristics Non NAFLD NAFLD p-Value

n   male 1  31 24 4 –

A e ears 4  4 0  3 0.24

Bo  mass in e  m 23.   0.9 27.0  1.4 0.075

aist ir m eren e m 7.2  3.7 9 .3  3.0 0.044

NAFLD a tivit  s ore 0– 0.2  0.1 2.2  0.2   0.001

Balloonin  e eneration 0–2 0 0.3  0.1 0.28

Liver in ammation 0–3 0.2  0.1 0.7  0.2 0.075

Fibrosis 0–4 1.1  0.3 1.1  0.3 0.90

Liver steatosis  0.4  0.3 20.   4.0   0.001

Alanine transaminase l 41  1 47  0.16

C rea tive protein m l 1.2  0. 2.3  0. 0.13

ria l l erols mmol l 1.2  0.1 1.3  0.1 0.50

LDL holesterol mmo l 3.3  0.3 3.2  0.2 0.90

HDL holesterol mmol l 1.3  0.1 1.2  0.1 0.77

Bloo  l ose mmol l 4.9  0.2 .2  0.3 0.27

H MA R 1.   0. 2.   0. 0.12

HbA1  mmol mol 3 .2  1.9 3 .4  1.4 0.51

Cir latin  AN L betatrophin p ml 1 01 .   191.1 1 213.9  203. 0.80

Data are iven as means  . . or absol te n mbers  respe tivel

HDL: Hi h ensit  lipoprotein; H MA R: Homeostasis mo el o  ins lin resistan e; LDL: Lo ensit  lipoprotein; NAFLD: Nonal oholi  att  liver 
isease; NA : NAFLD a tivit  s ore

Fig. 2 Asso iation o  ir latin  AN L betatrophin ith 
hepati  steatosis in N H  s b e ts. atter plots ill strate orrela
tion o  ir latin  AN L betatrophin ith lo arithmize  liver 
steatosis r  0.42  p  0.047 . Lines in i ate the 9   on en e 
intervals.
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pare  to CA  hile previo s st ies sho in  lo er AN L be
tatrophin mRNA e pression in A  i  not separatel  o s on A  
an  CA  1  21 . his rther ontrib tes to e plain ontrastin  
res lts. pport or o r n in s omes rom a re ent st  in h
mans  here the a thors also ete te  AN L betatrophin 

mRNA e pression in h man CA  27 . n a or an e ith the lat
ter an  earlier n in s rom others 1  21  27  2  CA  e pression 
in o r st  as relativel  lo . Moreover  h pothesizin  that pre
vio s st ies mainl  investi ate  AN L betatrophin mRNA e
pression in CA  o r ata provi e evi en e or the rst time that 

A  represents another ontrib tor to ir latin  AN L beta
trophin in h mans. a en to ether  the liver an  A  o l  variabl  
onrib te to ir latin  AN L betatrophin in h mans  here

b  a e  n trition an  ins lin levels o l  represent main re latin  
a tors 22  27 .

M ltiple lines o  evi en e lin  AN L betatrophin to lipi  me
tabolism 22 . arti larl  an important role o  AN L betatro
phin in hepati  ver  lo  ensit  lipoproteins LDL  pro tion has 
been propose  21  22 . n these st ies  An ptl betatrophin 

no o t mi e sho e  re e  plasma tria l l erol levels a ter 
re ee in  hi h as e plaine  b  re e  LDL se retion in line 

ith enhan e  lipoprotein lipase a tivit  29 . Conversel  or e  
AN L betatrophin e pression pro e  h pertria l l er
olemia 3 . n s pport o  these e perimental ata e observe  si
ni ant asso iations o  AN L betatrophin ith ir latin  tri
a l l erols in 2 in epen ent h man olle tives. e rther e
pan  previo s n in s b  s estin  a ontrastin  relationship 

ith pol nsat rate  vs. sat rate  an  mono nsat rate  FA in 
plasma. his o l  be o  interest sin e AN L betatrophin is 

no n to be n tritionall  re late  4  21  22  hereb  o r inter
vention s pports the impa t o  ietar  manip lation also in the 
lon  term. hether  ho ever  this effe t is nall  me iate  b  the 
observe  re tion o  liver lipi s  a e rease  inta e in  that is  FA 

ith a onse tivel  mo i e  ir latin  FA pro le  a ombination 
o  these a tors or other et n no n in en es annot be an
s ere  ith o r rrent st  esi n. ther ise  o r ata evolve 
the h pothesis that ifferent FA spe ies o l  have var in  impa t 
on the re lation o  AN L betatrophin. n ee  treatment ith 
pol nsat rate  FA represents an establishe  therape ti  ap
proa h in re in  elevate  plasma tria l l erols 30 . A poten
tial role o  AN L betatrophin in that re ar  remains  ho ever  
to be e ne .

table 2 Baseline hara teristi s o  B MAR  parti ipants 24 .

characteristics Low carb Low fat p-Val-
ue

n   male 27 7 30 20 –

A e ears 44  2 4   2 0.55

Bo  mass in e  m 33.0  1.0 33.1  0.7 0.93

aist ir m eren e m 100  2 102  2 0.47

HL  .   1.4 9.   1.7 0.16

Alanine aminotransami
nase l

21  2 30  4 0.06

C rea tive protein m l 1.2  0.2 1.   0.3 0.32

ria l l erols mmol l 1.2  0.1 1.2  0.1 0.92

LDL holesterol mmol l 2.9  0.1 3.2  0.1 0.14

HDL holesterol mmol l 1.3  0.1 1.3  0.1 0.82

Bloo  l ose mmol l .   0.1 .4  0.1 0.75

H MA R 1.3  0.2 1.   0.2 0.11

Cir latin  AN L
betatrophin p ml

279  23 297  2 0.62

Data are iven as means  . . or absol te n mbers  respe tivel

HDL: Hi h ensit  lipoprotein; H MA R: Homeostasis mo el o  
ins lin resistan e; HL: ntrahepati  lipi s; LDL: Lo ensit  
lipoprotein

Fig. 3 Asso iations o  AN L betatrophin ith hepati  steato
sis in the B MAR  ohort. trati ation a or in  to HL reveale  
that s b e ts ith hepati  steatosis 20.1  2.   HL  n  1  ha  
elevate  AN L betatrophin ompare  to nonsteatoti  
4.0  0.4  HL  n  42  s b e ts p  0.033 . Data are sho n as 

mean  M; HL  intrahepati  lipi s;    p  0.0 .

Fig. 4 Asso iation o  AN L betatrophin ith ei ht loss in 
B MAR . A ter a mean ei ht loss o  .9    7.4  initial bo  

ei ht  e to ietar  intervention a ompanie  b  a 4   HL 
re tion  AN L betatrophin e rease  b  11  p  0.01 . Data 
are sho n as mean  M; HL: ntrahepati  lipi s;    p  0.0 .
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ns lin resistan e is no n to be relate  to NAFLD 31  32 . n o r 
st  ir latin  AN L betatrophin orrelate  ith ins lin A C  
at least a ter a stment or a e. his orrelation isappeare  ol
lo in  4   liver lipi  re tion ith on omitant AN L beta
trophin e rease. F rthermore both  ir latin  an  hepati  
AN L betatrophin orrelate  si ni i antl  ith histolo i al 
proven liver steatosis. Moreover  hepati  mRNA e pression as re
late  to H MA R  hile ir latin  levels orrelate  ith hepati  
mRNA e pression a ter a stment or H MA R. here ore  o r 

n in s s est that hepati  lipi  ontent o l  pla  a role to e
plain the previo sl  observe  asso iation o  AN L betatrophin 

ith variables o  l ose metabolism 4– . n s pport o  the a t 
that liver at is a epte  as the most important pre i tor o  h man 
ins lin resistan e 1  si ni antl  elevate  ir latin  AN L
betatrophin as re entl  reporte  in NAFLD patients  hile the ob
serve  asso iation as abolishe  a ter statisti al a stment or in
s lin resistan e 33 . hereb  it is o  ma or si ni an e that slipi

emia an  parti larl  h pertria l l erolemia are a no le e  
eat res o  hepati  ins lin resistan e 20  31 . here ore  altho h 
e o n  a si ni ant asso iation o  AN L betatrophin ith he

pati  steatosis  e h pothesize that the la  o  ifferen e re ar in  
ir latin  AN L betatrophin in in o r NAFLD vs. non NAFLD 

s b e ts as rather e plaine  b  minor ifferen es bet een ro ps 
in lipi  metabolism than b  liver steatosis per se.

r st  is limite  b  la  o  me hanisti  evi en e an  annot 
prove a salit . Nevertheless  o r st  sho e  a rob st asso ia
tion bet een AN L betatrophin an  hepati  steatosis in 2 in

epen ent ohorts sin  in vivo an  e  vivo ol  stan ar  meth
o s or liver lipi  anti ation. hile e investi ate  a limite  
n mber o  h man s b e ts  asso iations bet een AN L beta
trophin an  NAFLD ere evi ent in both ohorts.

n o r st  ir latin  AN L betatrophin as etermine  
sin  the N termin s re o nizin  L A an  samples in both o  o r 

st ies ere obtaine  an  store  n er omparable stan ar  on
itions. sin  the N termin s re o nizin  L A  Fenzl et al. 10  

vs. H  et al.  observe  abo t 4 ol  hi her AN L betatro
phin levels in health  ontrols ith omparable BM . n o r st  
liver AN L betatrophin mRNA orrelate  ith the L A eter
mine  levels  provi in  evi en e or the vali it  o  the meas re
ments. Ho ever  ir latin  AN L betatrophin levels ere 
abo t 4 ol  hi her in N H  ompare  to B MAR  s b e ts. 

ther ise  the ete te  ifferen es are learl  in line ith previ
o s repor ts sho in  omparable ran es o  var iabi l i t  
4    10  33 . Ho ever  ith o r rrent st  esi n  e annot 

ll  e plain the observe  ifferen es.
r ata s est the liver an  vis eral a ipose tiss e as ontrib

tors to ir latin  AN L betatrophin in h mans. Hepati  lipi  
a m lation as riti al eterminant o  slipi emia an  ins lin 
resistan e is relate  to h man AN L betatrophin. F t re st
ies nee  to a o nt or hepati  lipi  ontent an  ir latin  att  
a i  pro le as variables to variation in AN L betatrophin.

study registration: Clini al rials. ov enti er: NC 009 ; 
erman Clini al rials Re ister: DR 0000 4 0.
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