
ResultsResults  

  UCPUCP11  waswas  expressedexpressed  inin  thethe  mitochondriamitochondria  ofof  morphologicallymorphologically  
whitewhite  adipocytesadipocytes  inin  allall  groupsgroups  withoutwithout  typicaltypical  beigebeige  
multilocularmultilocular  lipidlipid  dropletdroplet  morphologymorphology..    (Figure(Figure  33))  

  
  TheThe  leanlean  andand  obeseobese  prepubertalprepubertal  childrenchildren  (A(A  toto  D)D)  expressedexpressed  

UCPUCP11  withwith  aa  higherhigher  distributiondistribution  (>(>5050%%  ofof  tissue)tissue)  comparedcompared  toto  
thethe  leanlean  andand  obeseobese  adolescentsadolescents    (E(E  &&  F)F)  (p=(p=00..0101))..  

  
  UCPUCP11  intensityintensity  waswas  highhigh  inin::    

      (a)(a)  100100%%  ofof  GroupGroup  AA  leanlean    andand    5050%%  ofof  GroupGroup  AA  obese,obese,    
      (b)(b)  100100%%  ofof  GroupGroup  BB  leanlean  andand  obeseobese  andand    
      (c)(c)  6767%%  ofof  leanlean  andand  5454%%  ofof  obeseobese  adolescents,adolescents,  (p=(p=00..022022))..    

  

IntroductionIntroduction  

MorbidMorbid  childhoodchildhood  obesityobesity  predisposespredisposes  toto  
metabolicmetabolic  disordersdisorders  suchsuch  asas  diabetesdiabetes  typetype  22..  

  

  TwoTwo  distinctdistinct  typestypes  ofof  AdiposeAdipose  TissueTissue  areare  
presentpresent  ((FigureFigure  11))  ::  
••WhiteWhite  AdiposeAdipose  TissueTissue  ((WATWAT,,  unilocularunilocular,,  energyenergy  
storagestorage  adipocytesadipocytes))  
••BrownBrown  AdiposeAdipose  TissueTissue  ((BATBAT,,  multilocularmultilocular,,  heatheat  
producing)producing)  identifiedidentified  asas::  
  ClassicClassic  BATBAT  (myf(myf55  progenitors)progenitors)  
  BrownBrown--likelike  multilocularmultilocular  adipocytesadipocytes    
interspersedinterspersed  inin  WATWAT  (“(“BRITEBRITE””  oror  beige)beige)  

  
  
  

  
  
  
  
  
  
Figure 1:Figure 1:  Adipose tissue morphology (A) WAT, (B) BRITE/Beige and (C) BATAdipose tissue morphology (A) WAT, (B) BRITE/Beige and (C) BAT  

  
  
  

UCPUCP11  isis  anan  integralintegral  membranemembrane  proteinprotein  “unique”“unique”  
toto  brownbrown  adipocyteadipocyte  mitochondria,mitochondria,  wherewhere  itit  actsacts  toto  
uncoupleuncouple  oxidativeoxidative  phosphorylationphosphorylation  inin  thethe  innerinner  
mitochondrialmitochondrial  membranemembrane  ..  11  

  

InIn  mice,mice,  anan  increasedincreased  contentcontent  ofof  UCPUCP11  inin  
adiposeadipose  tissuetissue  mitochondriamitochondria  isis  stronglystrongly  linkedlinked  toto  
protectionprotection  againstagainst  dietdiet--inducedinduced  obesityobesity  andand  heatheat--
producingproducing  “BRITE”“BRITE”  adipocytesadipocytes  cancan  suppresssuppress  
weightweight  gaingain  andand  metabolicmetabolic  diseasedisease  throughthrough  thethe  
actionaction  ofof  UCPUCP11..  22  

  

HumanHuman  obesityobesity  isis  alsoalso  associatedassociated  withwith  aa  reducedreduced  
expressionexpression  ofof  UCPUCP11  andand  otherother  thermogenesisthermogenesis  
relatedrelated  genesgenes  inin  WATWAT  depotsdepots  ..  33  

Methods & MaterialsMethods & Materials  

ParaffinParaffin  embeddedembedded  subcutaneoussubcutaneous  abdominalabdominal  
adiposeadipose  tissuetissue  microarraysmicroarrays  werewere  developeddeveloped  fromfrom  
surgicalsurgical  biopsiesbiopsies  ofof  3333  leanlean  ((ΒΜΙΒΜΙ<<8585%%))  &&  2929  
obese(obese(ΒΜΙΒΜΙ≥≥9595%%))  prepre--pubertalpubertal  childrenchildren    andand  
adolescentsadolescents..  
TheThe  childrenchildren  werewere  divideddivided  intointo  threethree  ageage--  
groupsgroups::    
••    GroupGroup  AA::  22  mosmos  --77  yrsyrs    

••    GroupGroup  BB::  88--1212  yrsyrs  

  

••    GroupGroup  CC::  1010--1515  yrsyrs  
  

  StainingStaining  (brown)(brown)  intensityintensity  andand  distributiondistribution  ofof  
UCPUCP11  (εταιρία(εταιρία  αντισώματος)αντισώματος)  werewere  studiedstudied  withwith  
immunohistochemistryimmunohistochemistry..  

  

  meanmean  adipocyteadipocyte  sizesize  andand  totaltotal  numbernumber  werewere  
estimatedestimated  byby  imageimage  analysisanalysis    ((adiposoftadiposoft))..  

ConclusionsConclusions  
1.1. TheThe  expressionexpression  ofof  UCPUCP11  inin  typicaltypical  whitewhite  adipocytesadipocytes  inin  thethe  childrenchildren  andand  adolescentsadolescents  maymay  reflectreflect  aa  transitionaltransitional  stagestage  ofof  

browningbrowning  recentlyrecently  observedobserved  inin  youngyoung  sheepsheep  studiesstudies22..    
  

2.2. UCPUCP11  expressionexpression  duringduring  childhoodchildhood  maymay  contributecontribute  towardstowards  increasedincreased  metabolicmetabolic  raterate  andand  decreaseddecreased  adipocyteadipocyte  sizesize  inin  anan  
attemptattempt  toto  protectprotect  againstagainst  thethe  developmentdevelopment  ofof  metabolicmetabolic  disordersdisorders..  
  

3.3. TheThe  decreaseddecreased  distributiondistribution  ofof  UCPUCP11  positivepositive  adipocytesadipocytes  inin  thethe  adolescentsadolescents  maymay  reflectreflect  thethe  lossloss  ofof  browningbrowning  withwith  ageage  andand  
pubertypuberty  thatthat  maymay  impairimpair  furtherfurther  thethe  metabolismmetabolism  ofof  obeseobese  adolescentsadolescents..    
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DataData  areare  meansmeans  ±±  SDSD  oror  percentagespercentages  unlessunless  otherwiseotherwise  indicatedindicated..      
**  pp  ≤≤00..002002,,  ****p≤p≤00..001001    &&  ##  p=p=00..0404  vsvs  respectiverespective  lean,lean,    
AbbreviationsAbbreviations::  11Female,Female,  22Male,Male,  33SDSD  scoresscores  normalizednormalized  forfor  ageage  andand  gender,gender,    44appropriateappropriate  forfor  gestationalgestational  age,age,  55smallsmall  forfor  
gestationalgestational  age,age,66  largelarge  forfor  gestationalgestational  ageage        

DataData  areare  meansmeans  ±±  SDSD  oror  percentagespercentages  unlessunless  otherwiseotherwise  indicatedindicated..      
p≤p≤00..0404  vsvs  respectiverespective  lean,lean,    
****  p≤p≤00..0202  vsvs  obeseobese  childrenchildren  ofof  groupgroup  A,A,    
##  pp  ≤≤00..0303  vsvs  leanlean  andand  obeseobese  childrenchildren  ofof  groupgroup  AA  
  

  
  AdipocyteAdipocyte  sizesize  andand  numbernumber  diddid  notnot  differdiffer  betweenbetween  thethe  leanlean  andand  

obeseobese  childrenchildren  ofof  eacheach  group,group,  althoughalthough  sizesize  tendedtended  toto  increaseincrease  
withwith  age,age,  butbut  diddid  notnot  exceedexceed  5050μμmm..    

  
TheThe  childrenchildren  withwith  highhigh  UCPUCP11  intensityintensity  though,though,  exhibitedexhibited  aa  higherhigher  adipocyteadipocyte  numbernumber  ((107107..3333  ±±  3535..0202  vsvs  8383..00  

±±  1717..9393,,    p=p=00..011011))..  (Figure(Figure  33))    

  
FigureFigure  33..  UCPUCP11  inin  leanlean  andand  obeseobese  childrenchildren  ofof  GroupGroup  AA  (A(A  &&  B),B),  GroupGroup  BB  (C(C  &&  D)D)  
andand  GroupGroup  CC  (E(E  &&  F)F)..  (UCP(UCP11  positivepositive  stainingstaining  ==  brown)brown)  
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 Table 4   

Group A Group B Group C 

Total 

Lean Obese Lean Obese Lean Obese 

UCP1 
Intensity  

Low (%) 0 50 0 0 33,3 46,2 23,4 

High (%) 100 50 100 100 66,7 53,8 76,6 

Total 100 100 100 100 100 100 100 
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FigureFigure  44..  ChildrenChildren  withwith  highhigh  UCPUCP11  intensityintensity  &&  higherhigher  adipocyteadipocyte  numbernumber  (A(A--C)C)  andand  childrenchildren  withwith  lowlow  UCPUCP11  intensityintensity  &&  lowerlower  adipocyteadipocyte  
numbernumber  (D(D--F)F)..  ((UCPUCP11  positivepositive  stainingstaining  ==  brown)brown)  

Table 1Table 1  
Group AGroup A  Group BGroup B  Group CGroup C  

LeanLean  ObeseObese  LeanLean  ObeseObese  LeanLean  ObeseObese  

NN  88  88  1313  55  1313  1717  

FF11/M/M22  1/71/7  1/71/7  6/76/7  2/32/3  2/112/11  3/143/14  

TannerTanner  II  II  II  II  IIII--IVIV  IIII--IVIV  

Age (yrs)Age (yrs)  2,76 2,76 ±±  1,941,94  2,94 2,94 ±±  1,931,93  9,55 9,55 ±±  2,042,04  10,13 10,13 ±±  1,621,62  12,42 12,42 ±±  0,980,98  11,45 11,45 ±±  1,371,37  

BMI (Kg/mBMI (Kg/m22))  15,99 15,99 ±±  1,581,58  18,95 18,95 ±±  3,713,71  17,5 17,5 ±±  2,342,34  23,38 23,38 ±±  1,291,29  20,30 20,30 ±±  1,901,90  26,73 26,73 ±±  4,574,57  

BMISDSBMISDS33  --1 1 ±±  1,311,31  1,5 1,5 ±±  0,92*0,92*  --0,19 0,19 ±±  0,990,99  1,7 1,7 ±±  0,44*0,44*  0,59 0,59 ±±  0,6 0,6   2,25 2,25 ±±  0,61*0,61*  

BMI%BMI%  26,0 26,0 ±±  31,4531,45  93,5 93,5 ±±  3,74**3,74**  46,46 46,46 ±±  27,8027,80  93,2 93,2 ±±  5,49**5,49**  71,0 71,0 ±±  20,5420,54  95,7 95,7 ±±  4,21**4,21**  

WC (cm)WC (cm)  46,0 46,0 ±±  7,877,87  53, 83 53, 83 ±±  11,0911,09  60,77 60,77 ±±  10,2810,28  68,2 68,2 ±±  13,8913,89  70,46 70,46 ±±  7,97,9  77,93 77,93 ±±  12,8 12,8 ##  

WC%WC%  40,0 40,0 ±±  29,7229,72  90,0 90,0 ±±  7,747,74  68,0 68,0 ±±  36,936,9  69,6 69,6 ±±  40,1940,19  75,77 75,77 ±±  28,4128,41  90,22 90,22 ±±  20,1220,12  

Birth WeightBirth Weight  3,33 3,33 ±±  0,930,93  3,62 3,62 ±±  0,400,40  3,24 3,24 ±±  0,460,46  2,82  2,82  ±±  0,580,58  3,38 3,38 ±±  0,470,47  3,55 3,55 ±±  0,420,42  

Gestational AgeGestational Age  

AGAAGA44  44  66  1212  33  1010  1414  

SGASGA55  22  00  00  22  00  00  

LGALGA66  22  22  11  00  33  33  

Family HistoryFamily History  

Type 2 DiabetesType 2 Diabetes  11  11  44  11  22  66  

ObesityObesity  11  22  44  33  88  77  

TableTable  22  
Group AGroup A  Group BGroup B  Group CGroup C  

LeanLean  ObeseObese  LeanLean  ObeseObese  LeanLean  ObeseObese  

Glucose (mg/dl)Glucose (mg/dl)  88,4 88,4 ±±  5,685,68  90,5 90,5 ±±  9,649,64  96,42 96,42 ±±  15,515,5  95,495,4  ±±  7,27,2  94,194,1  ±±  8,18,1  97,597,5  ±±  13,2013,20  

Total Cholesterol (mg/dl)Total Cholesterol (mg/dl)  155,5 155,5 ±±  20,4120,41  131,57  131,57  ±±  20,7120,71  144,25 144,25 ±±  27,727,7  145,0 145,0 ±±  28,428,4  156,5 156,5 ±±  27,7927,79  140,0 140,0 ±±  27,9727,97  

HDL (mg/dl)HDL (mg/dl)  49,13 49,13 ±±  13,513,5  45,3 45,3 ±±  15,4515,45  55,99 55,99 ±±  22,2522,25  61,6 61,6 ±±  13,5713,57  64,92 64,92 ±±  17,1617,16  53,37 53,37 ±±  16,3216,32  

LDL (mg/dl)LDL (mg/dl)  86,75 86,75 ±±  20,9720,97  74,55 74,55 ±±  14,2914,29  68,51 68,51 ±±  12,7512,75  85,7 85,7 ±±  9,169,16  68,96 68,96 ±±  15,0415,04  67,53 67,53 ±±  14,6614,66  

Triglycerides (mg/dl)Triglycerides (mg/dl)  67,2 67,2 ±±  23,723,7  58,57 58,57 ±±  28,4828,48  67,54 67,54 ±±  23,3123,31  59,6 59,6 ±±  11,511,5  47,6 47,6 ±±  15,8715,87  61,5 61,5 ±±  15,3415,34  

Insulin (Insulin (μμU/ml)U/ml)  2,55 2,55 ±±  0,590,59  0,62 0,62 ±±  0,1*0,1*  11,59 11,59 ±±  6,996,99  17,19 17,19 ±±  4,08**4,08**  10,76 10,76 ±±  10,1310,13  
15,93 15,93 ±±  
12,76**12,76**  

HOMAHOMA--IRIR  0,56 0,56 ±±  0,010,01  0,13 0,13 ±±  0,020,02  2,76 2,76 ±±  0,270,27##  4,37 4,37 ±±  1,36#1,36#  2,83 2,83 ±±  3,003,00  3,11 3,11 ±±  2,03#2,03#  

ΗΜΗΜW W adiponectinadiponectin  ((μμg/ml)g/ml)  8,665 8,665 ±±  3,953,95  2,38 2,38 ±±  0,940,94**  1,38 1,38 ±±  0,77$0,77$  1,82 1,82 ±±  0,820,82  2,21 2,21 ±±  1,17$1,17$  1,51 1,51 ±±  1,381,38  

AdipocyteAdipocyte  Size (Size (μμm)m)  30.31 30.31 ±±3.893.89  32.09 32.09 ±±  5.075.07  34.3634.36±±  9.909.90  36.44  36.44  ±±  8.198.19  39.5939.59±±  7.567.56  39.4639.46±±  0,420,42  

NumberNumber  of of adipocytesadipocytes  
per fieldper field  

131.25 131.25 ±±  34.2334.23  118.57 118.57 ±±  49.1049.10  106.1 106.1 ±±  34.6734.67  96.0  96.0  ±±  42.0142.01  105.12 105.12 ±±  21.2921.29  80.25 80.25 ±±  30.2930.29  


