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Abstract
Background:  It  is  not  quite  well  established  how  immune  responses  differ  in  term  and  preterm
infants beyond  the  first  year  of  life.  This  study  aimed  to  evaluate  aspects  of  the  innate  and
adaptive  immune  responses  in  a  group  of  preterm  infants  in  comparison  with  their  term  peers.
Methods: In  this  cross-sectional  study  peripheral  blood  mononuclear  cells  (PBMC)  were  isolated
from preterm  and  term  children  at  age  three  years.  Innate  immune  response  was  evaluated  by
the analysis  of  TLR  receptors  expression  on  CD11c+HLADRhigh cells  and  inflammatory  cytokine
production  after  PBMC  stimulation  with  Toll  like  receptors  (TLR)  ligands.  Adaptive  immune
response  was  evaluated  by  T  cells’  phenotyping  and  function  after  stimulation  with  polyclonal
conventional  T  cell  stimulus.
Conclusion:  We  have  found  that  the  patterns  of  innate  and  adaptive  immune  responses  at  3
years of  age  were  not  affected  by  the  fact  of  the  children  having  being  born  preterm  or  at

term.
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leven  percent  of  all  infants  are  born  premature  (fewer  than
7  weeks  of  gestation),  and  this  represents  almost  13  million
hildren  each  year  worldwide.1 In  general  terms,  newborn
abies  have  an  increased  susceptibility  to  infections  due  to
he  functional  immaturity  of  their  immune  system.2 Preterm
eonates  present  greater  risk  for  morbidity  and  mortality,
nd  this  is  in  general  associated  with  infection,  since  the
mmune  system  of  preterm  neonates  is  thought  to  be  less
eveloped  at  birth  in  comparison  with  term  babies.3 How-
ver,  this  greater  risk  rapidly  and  significantly  decreases
uring  infancy,4 due  to  the  progressing  maturation  process  of
he  immune  system.  Protection  against  infectious  pathogens
s  achieved  through  the  coordinated  actions  of  innate  and
daptive  immunity.  There  are  few  studies  looking  at  leuko-
ytes  from  preterm  children  and  even  less  data  available
oncerning  the  development  of  innate  and  adaptive  immune
ystems  comparing  term  and  preterm  babies  in  the  first  years
f  life.

Innate  immune  function  is  activated  by  sensors  expressed
y  leukocytes.  The  best  known  innate  sensors  are  pattern-
ecognition  receptors  (PRRs)  of  the  Toll-like  receptors  (TLRs)
amily.  Recent  studies  have  demonstrated  that  the  expres-
ion  of  TLRs  in  mononuclear  cells  of  healthy  infants  over  the
rst  five  years  of  life  appears  to  be  stable  and  to  occur  at
dult-like  levels.5---7 The  cytokines  released  upon  TLR  stim-
lation  have  a  potent  regulatory  effect,  on  both  innate  and
daptive  immune  cells.  Dendritic  cells  (DC)  are  antigen  pre-
enting  cells  (APC),  linking  innate  and  adaptive  immune
esponse,  controlling  T  cells  differentiation.  After  contact
ith  cognate  MHC-peptide  complexes  on  APCs,  naïve  T  cells
ecame  effectors  cells  or  memory  T  cells.  It  was  previ-
usly  demonstrated  that  the  numbers  of  CD4  and  CD8  T
ells  were  lower  in  cord  blood  of  preterm  compared  to  term
nfants.8 Interestingly,  the  proportion  of  memory  T  cells
CD3+CD45RO+)  was  higher  in  peripheral  blood  of  preterms
ompared  to  term  babies  at  birth.9 However,  reports  on  the
evelopment  of  adaptive  immune  response  are  scarce  dur-
ng  this  early  maturation  stage  of  the  first  years  of  life.
he  main  objective  of  this  study  is  to  determine  patterns
f  innate  immune  responses  in  term  and  preterm  infants
t  age  three  years  by  characterising  the  TLR  expression
n  dendritic  cells  and  adaptive  immune  responses  evaluat-
ng  CD4  and  CD8  T  cells  in  peripheral  blood  mononuclear
ells.

aterials and methods

thics  statement

ll  procedures  involving  human  participants  were  in  accor-
ance  with  the  ethical  standards  of  the  institutional  and/or
ational  research  committee  and  with  the  1964  Helsinki  dec-
aration  and  its  later  amendments  or  comparable  ethical
tandards.  Written  informed  consent  was  obtained  from  all

hildren’s  parents  or  guardians.  This  study  was  reviewed  and
pproved  by  Research  Ethics  Committee  of  Pontifícia  Uni-
ersidade  Católica  do  Rio  Grande  do  Sul  (CEP/PUCRS)  under
rotocol  number  CEP10/04999.
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ubjects

his  is  a  cross-sectional  study  with  data  collected  at  a  mean
ge  of  three  years  from  children  born  preterm  (mean  ges-
ational  age  32.18  weeks)  and  full-term  (mean  gestational
ge  >  37  weeks).  Patients  were  enrolled  from  2011  to  2012.
xclusion  criteria  were  viral  respiratory  infection  or  any
ther  infection  in  the  previous  four  weeks,  chronic  diseases
heart  disease,  neurological  diseases,  immunodeficiencies,
llergic  rhinitis  and  asthma)  or  the  use  of  oral  steroids  or
edications  that  could  affect  the  results.  Five  millilitres

f  blood  was  collected  from  healthy  preterm  (n  = 28)  and
erm  children  (n  =  9).  Clinical  data  reported  by  parents  or
uardians  and  physical  examination  were  collected  by  one
f  the  investigators.  Healthy  term  children  were  recruited
mong  those  undergoing  an  elective  surgery,  during  the  pre-
peratory  evaluation.

ononuclear  cell  isolation

eripheral  blood  mononuclear  cells  (PBMCs)  were  puri-
ed  from  5  mL  of  whole  blood  using  a  Histopaque-1077
Sigma---Aldrich,  Saint  Louis,  MO,  USA)  gradient.  Cells  were
rozen  at  −80 ◦C  until  use.  PBMCs  were  seeded  at  2  ×  105

ells/well  in  96  well-culture  plates  with  RPMI  medium  (Cul-
ilab,  Campinas,  SP,  Brazil),  containing  2%  of  foetal  calf
erum  (Cultilab,  Campinas,  SP,  Brazil)  and  were  stimulated
ith  2  �g/mL  of  purified,  no  azide,  low  endotoxin,  anti-
D3  (clone  UCHT1)  and  anti-CD28  (clone  CD28.2)  antibodies
BD  Bioscience,  USA)  or  with  TLR  ligands:  LPS  from  E.  coli
111:B4  (10  �g/mL)  (Sigma---Aldrich,  USA),  PGN  (peptido-
lycan)  from  B.  subtilis  (4  �g/mL)  (Invivogen,  San  Diego,
A,  USA),  Poly  I:C  (Polyinosinic-polycytidylic  acid)  (1  �g/mL)
Invivogen,  San  Diego,  CA,  USA)  or  left  unstimulated  for  24  h.
he  culture  supernatant  was  collected  for  cytokine  analy-
is.

low  cytometry

o  analyse  TLR  expression  and  activation  markers  on  DC,
BMCs  were  stained  with  the  antibodies:  anti-CD11c  PE-Cy7
clone  B-ly6),  anti-HLADR  PE-Cy5  (clone  TU36),  anti-CD86
erCP-Cy5.5  (2331  (FUN-1)),  anti-TLR4  Biotin  (clone  HTA
25)  followed  by  FITC  Streptavidin,  and  anti-CD282  (TLR2)
lexa  Fluor

®
647  (clone  11G7).  To  analyse  memory  T  cells,

BMCs  were  stained  with:  anti-CD3  APC  (clone  UCHT1),
nti-CD4  PECy7  (clone  SK3),  anti-CD8  FITC  (clone  RPA-T8),
nti-CD45RO  PerCP  Cy  5.5  (clone  UCHL1),  and  anti-CD27
PC-H7  (clone  M-T271)  antibodies.  To  evaluate  the  expres-
ion  of  intracellular  TLR  and  granzyme  B,  cells  were
ermeabilised  using  Cytofix/Cytoperm  kit  and  stained  with
nti-TLR9  PE  (clone  eB72  1665)  and  anti-Granzyme  B  Alexa
luor

®
647  (clone  GB11).  All  antibodies  were  from  BD  Bio-

cience  (USA).  Data  were  accessed  by  flow  cytometry  using
ACS  Canto  II  (BD  Bioscience)  and  analysed  using  Flow  Jo

oftware  (Tree  Star).  Cytokine  analysis  from  cell  culture
upernatant  was  performed  using  CBA  (Cytometric  Bead
rray)  Inflammation  kit  (BD  Bioscience,  USA)  followed  by
nalysis  on  FCAPArray  3.0  (Soft  Flow).
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Figure  1  TLR4,  TLR2  and  TLR9  expression  on  peripheral  blood  mononuclear  cells  from  preterm  and  full-term  children  at  three
years of  age.  PBMC  were  isolated  and  stained  with  anti-CD11c,  anti-HLADR,  anti-TLR2,  anti-TLR4  e  anti-TRL9  antibodies.  (A)  Dot
plots showing  the  frequency  of  CD11c+HLADRhigh cells  from  preterm  and  term  children.  (B)  Frequency  of  CD11c+HLADRhigh cells

11c+HLADRhigh cells  (p  =  0.81).  (D)  MFI  of  TLR4  in  CD11c+HLADRhigh

2).  Data  are  expressed  as  median  and  interquartile  range.

Table  1  Characteristics  of  preterm  and  term-born  children
studied.

Preterm  Term
N  =  28  N  =  9

Age  of  examination,  mean  (SD)  3.13  (0.64)  3.60  (0.62)
Gender,  F/M  12/16  1/8
Siblings,  mean  (SD)  1.11  (0.9)  0.8  (0.63)
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(p =  0.72).  (C)  MFI  (Mean  Fluorescence  Intensity)  of  TLR2  in  CD
cells  (p  =  0.92).  (E)  MFI  of  TLR9  in  CD11c+HLADRhigh cells  (p  =  0.6

Statistical  analysis

Data  were  tested  for  normal  distribution  with  the
Kolmogorov---Smirnov  test  using  SPSS  software  17.0  (IBM,
New  York,  USA).  Kruskal---Wallis  test  followed  by  Dunn
post-test  and  Mann---Whitney  U  test  were  applied  to  non-
parametric  data  using  GraphPad  Prism  software  5.0  (San
Diego,  CA,  USA).  Values  demonstrated  in  tables  and  graphs
are  median  and  interquartile  range.  The  level  of  significance
was  set  at  p  <  0.05.

Results

A  total  of  37  subjects  were  enrolled  in  this  study.  Chil-
dren  born  preterm  and  term  had  a  mean  age  of  3.13  and
3.6  years,  respectively.  Demographic  data  are  shown  on
Table  1.  CD11c+HLADRhigh dendritic  cells  (DC)  are  a  het-

erogeneous  population  of  antigen-presenting  cells  that  are
critical  to  prime  T  cells  and  modulate  the  immune  response,
especially  by  the  expression  of  co-stimulatory  molecules,
TLRs  and  cytokine  production.10 In  order  to  evaluate  TLR
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Smokers  at  home  7  6

xpression  on  CD11c+HLADRhigh cells,  PBMCs  were  purified
rom  whole  blood  of  children  born  preterm  or  full-term  aged
hree  years,  stained  with  antibodies  and  analysed  by  flow
ytometry.  Fig.  1A  shows  the  gate  strategy  of  CD11c  and
LADR  positive  cells  analysis.  There  was  no  significant  differ-
nce  (p  =  0.72)  (Fig.  1B)  in  the  frequency  of  CD11c+HLADRhigh

ells  between  children  born  preterm  (median  2.1%)  or  term

median  2.6%).  They  also  presented  a  similar  MFI  (Mean
luorescence  Intensity)  for  TLR2,  TLR4  and  TLR9  receptors
n  CD11c+HLADRhigh cells  (Fig.  1C,  D  and  E).  These  results
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Table  2  Supernatants  cytokine  analysis  of  unstimulated  and  stimulated  peripheral  blood  mononuclear  cells  (PBMC)  from  term
and preterm  children.

Term  Preterm  p  value
Median (int.  range)  Median  (int.  range)

IL-1�  (pg/mL) Unstimulated  17.56  (0.51---162.50)  7.85  (1.89---241.30)  0.63
LPS 66.90  (4.25---233.80)  4.47  (2.28---146.7)  0.27
PGN 18.93  (2.33---318.30)  6.50  (4.02---286.50)  0.91
Poly I:C  62.50  (8.72---303.60)  8.75  (2.45---85.35)  0.67

IL-6 (pg/mL) Unstimulated  14.99  (14.63---98.77)  19.91  (14.72---5513.00)  0.32
LPS 18.63  (14.80---121.60)  15.48  (14.72---511.70)  0.87
PGN 15.50  (14.78---122.70)  15.38  (14.73---1402.00)  0.96
Poly I:C 15.90  (14.68---40.26) 15.20  (14.75---524.90) 0.71

IL-8 (pg/mL) Unstimulated  22.82  (3.74---3033.00)  369.90  (4.65---414,925.00)  0.53
LPS 83.29  (5.83---1417.00)  140.20  (4.88---15,801.00)  0.96
PGN 26.92  (3.31---2952.00)  89.90  (3.75---137,103.00)  0.71
Poly I:C  26.84  (2.60---1164.00)  49.67  (5.10---50,147.00)  0.56

I L-10  (pg/mL) Unstimulated  6.88  (4.59---8.63)  5.64  (5.37---12.47)  0.56
LPS 8.66  (5.48---16.07) 5.55  (5.17---7.89)  0.32
PGN 7.27  (5.35---13.17)  6.16  (5.19---9.78)  0.71
Poly I:C 8.20  (4.33---11.72) 6.17  (5.25---8.72)  0.96

IL-12p70
(pg/mL)

Unstimulated  5.30  (4.70---5.60)  5.02  (4.71---5.28)  0.37
LPS 5.39  (5.20---9.06)  5.21  (4.88---5.67)  0.15
PGN 5.33  (4.92---5.88)  5.15  (4.93---5.67)  0.63
Poly I:C  5.30  (3.75---8.42)  5.29  (4.91---5.76)  0.96

TNF (pg/mL) Unstimulated  18.14  (12.34---24.67)  14.99  (13.93---26.35)  0.79
LPS 19.59  (17.01---35.95)  14.53  (13.44---22.19)  0.13
PGN 17.34  (13.68---23.37)  15.61  (13.72---29.97)  0.96
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Poly I:C  18.96  (12.5

uggest  that  at  three  years  of  age,  CD11c+HLADRhigh DCs  from
reterm  children  express  equivalent  levels  of  TLR  receptors
ompared  to  those  of  term  children.  Cytokine  production
fter  PBMC  stimulation  with  TLR  ligands  (LPS,  PGN  and  Poly
:C)  was  also  evaluated  in  those  groups.  No  significant  differ-
nces  in  IL-1�, IL-6,  IL-8,  IL-10,  IL-12p70  and  TNF  secretion
ere  found  between  the  two  groups  (Table  2).  Those  data

ndicated  that  children  born  either  preterm  or  at  term
resent  a  similar  pattern  of  innate  immune  response  at  age
hree  years.

We  than  asked  whether  the  adaptive  immune  response
etween  these  two  groups  of  children  would  also  be  compa-
able.  To  evaluate  this,  we  analysed  CD4  and  CD8  T  cell
henotypes  by  stimulating  PBMCs  with  a  T  cell  polyclonal
timulus.  Preterms  present  similar  number  of  CD4  T  cells
median  2.1  ×  104 cells/200  �L)  when  compared  to  term
median  1.2  ×  104 cells/200  �L)  (p  =  0.58)  (Fig.  2A).  We  fur-
her  analysed  the  memory  phenotype  of  CD4  T  cells  by
timulating  cells  with  anti-CD3/anti-CD28  antibodies  for
4  h.  Preterm  children  presented  similar  percentages  of
D4+CD27+ and  CD4+CD45RO+ T  cells  in  peripheral  blood
hen  compared  with  term  children.  Furthermore,  anti-
D3/anti-CD28  stimulation  did  not  alter  the  numbers  of

D4+CD27+ and  CD4+CD45RO+ T  cells  in  both  preterm  and
erm  groups  (Fig.  2B  and  C).  These  data  suggested  that
emory  CD4  T  cells  responses  in  preterm  were  preserved

n  preterm  children  and  comparable  to  full-term  ones.

e
b
n
f

.74)  17.14  (13.44---30.58)  0.96

oreover,  the  number  of  CD8  T  cells  was  similar  between
he  two  groups  (Fig.  2  D).  In  addition,  we  have  analysed  the
emory  phenotype  of  CD8  T  cells  and  their  function  through

ranzyme  B  production.  Our  data  showed  a  similar  number
f  CD8+CD27+ and  CD8+CD45RO+ T  cells  among  preterm  and
erm  children.  Again,  anti-CD3/anti-CD28  stimulation  did
ot  change  the  numbers  of  CD8+CD27+ and  CD8+CD45RO+ T
ells  in  both  groups  of  children  (Fig.  2E  and  F).  Analysing  the
umber  of  CD8+ T  cells  producing  granzyme  B,  we  found  that
t  age  three  years,  children  born  either  at  term  or  preterm
ad  a  similar  number  of  these  cells  (Fig.  2G  and  H),  suggest-
ng  that  the  immunological  role  of  these  cells  in  controlling
nfections  is  not  impaired  among  those  born  prematurely.

iscussion

his  study  demonstrates  that  children  born  preterm  and
t  term  present  similar  patterns  of  innate  and  adaptive
mmune  responses  years  after  birth.  The  development  of
he  human  immune  system  begins  early  in  the  foetal  period
nd  it  seems  not  to  be  completely  functional  at  the  time  of
irth.  Post-natal  maturation  proceeds  for  months  to  years,

ven  into  adulthood.  Preterm  infants  present  high  vulnera-
ility  to  infections,11---14 possibly  due  to  differences  in  the
umber  and  function  of  immune  cells.  One  of  these  dif-
erences  in  preterm  neonates  is  associated  with  innate
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Figure  2  T  cell  analysis  of  preterm  and  full-term  children  at  three  years  of  age.  PBMC  were  isolated  and  T  cells  were  stimulated
with anti-CD3  and  anti-CD28  antibodies  for  24  h  and  stained  with  anti-CD3,  anti-CD8,  anti-CD4,  anti-CD27,  anti-CD45RO  and  anti-
granzyme B  antibodies.  (A)  Number  of  CD4+ T  cells  (p  =  0.58).  (B)  Number  of  CD4+CD27+ T  cells  (p  =  0.52).  (C)  Number  of  CD4+CD45RO+

T  cells  (p  =  0.25).  (D)  Number  of  CD8+ T  cells  (p  =  0.95).  (E)  Number  of  CD8+CD27+ T  cells  (p  =  0.91).  (F)  Number  of  CD8+CD45RO+ T
cells (p  =  0.14).  (G)  Dot  plots  of  the  frequency  of  CD8+GZMB+ cells.  (H)  Number  of  CD8+GZMB+ T  cells  (p  =  0.26).  Data  are  expressed
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as median  and  interquartile  range.

immune  functions,  including  the  PRR  function  analysed  in
cord  or  peripheral  blood.2,15,16 CD11c+HLADRhigh DC  are  crit-
ical  to  prime  T  cells  efficiently  and  modulate  the  immune
response,  especially  by  the  expression  of  co-stimulatory
molecules,  TLR  receptors  and  cytokine  production.  We
could  not  find  any  significant  differences  for  the  frequen-
cies  of  CD11c+HLADRhigh DC  between  preterm  and  full-term
children.  A  previous  study  has  shown  that  DC  from  term  chil-
dren  gradually  increase  the  expression  of  HLADR  on  their
surfaces  within  the  first  six  months  of  life,  then  reach-
ing  adult-like  levels.17 In  our  study,  DC  from  preterms
behave  as  DC  from  term  children,  acquiring  the  expres-
sion  of  HLADR  and  maintaining  equivalent  DC  numbers  later
in  life.  These  data  indicate  that  the  development  of  the
immune  system  after  birth  is  different  between  term  and
preterm  but  they  become  indistinguishable  at  age  three
years.

At  age  three,  children  born  at  term  or  preterm  present

similar  expression  of  TLR4,  TLR2  and  TLR9  receptors  on
CD11c+HLADRhigh cells.  A  recent  study  has  shown  similar
expression  of  TLR-2  and  TLR-4  receptors  on  monocytes
among  preterm  and  term  new-borns.2 Another  study  has

c
h
t
a

emonstrated  that  the  monocyte  expression  of  TLR-2  and
LR-4  in  preterm  new-borns  increased  rapidly  within  the
rst  two  weeks  after  birth,  reaching  the  expression  levels
f  term  new-borns.  These  increases  continued  in  the  follow-
ng  4---6  weeks,  when  they  reached  a  plateau.18 Altogether,
hese  data  suggest  that  TLR  expression  on  monocytes  from
re-terms  rapidly  reaches  that  of  those  born  at  term  and
hese  expression  levels  are  maintained  at  least  until  age
hree  years.

Recent  studies  have  shown  that  the  levels  of  IL-6,  IL-8,
L-12  and  TNF  were  lower  in  the  sera  of  preterm  infants
born  between  30---32  weeks  of  gestation)  compared  to
nfants  born  after  36  weeks.13,19 These  authors  assumed
hat  the  lower  levels  of  cytokines  found  in  preterm  infants
re  related  to  a  lower  stimulation  or  activation  of  mono-
ytes  and  dendritic  cells.  We,  however,  found  an  equivalent
evel  of  stimulation  of  PBMCs,  since  there  was  no  difference
n  cytokine  secretion  among  cells  from  preterm  and  term

hildren.  Our  results  suggest  that  children  born  preterm
ave  similar  frequencies  of  DC  and  that  these  cells  are  able
o  respond  to  an  inflammatory  stimulus,  when  called  into
ction.
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CD8  T  cytotoxic  cell  and  CD4  T  helper  cells  are  impor-
ant  to  control  infections  and  memory  T  cells  can  provide
ife-long  protection  against  pathogens.20 Given  that,  we
nalysed  CD4  and  CD8  T  cell  in  peripheral  blood  of  our  study
opulation.  Although  those  born  preterm  had  lower  counts
f  T  helper  cells  than  term  infants  when  tested  7---8  weeks
f  age  comparing  with  term  infants,21 at  age  three  years
hese  differences  were  no  longer  significant.  However,  anal-
sis  of  T  cells  of  very  preterm  children  (<30  weeks)  at  8.8
ears  old,  has  previously  showed  low  CD4/CD8  ratios  due  to
he  low  number  of  CD4  T  cells.21 These  data  are  different
rom  ours  but  the  populations  are  not  comparable  either;
ur  sample  did  not  include  very  preterm  children.  Intrigu-
ngly,  the  CD45RO  memory  marker  on  T  cells  was  higher
n  cord  blood  from  preterm  children  compared  to  term.9

n  contrast,  another  study  was  not  able  to  detect  any  dif-
erence  related  to  naïve  and  memory  T  helper  cells  in  the
ord  blood  of  preterm  children  when  compared  with  term
eonates.2

At  age  three  years,  our  results  are  quite  similar  to
hose  described  above.  We  did  not  find  significant  differ-
nces  between  children  born  either  at  term  or  preterm
n  relation  to  CD4+CD45RO+,  CD4+CD27+,  CD8+CD45RO+ and
D8+CD27+ levels  on  peripheral  blood.  In  addition,  we  have
xtended  our  analysis  in  order  to  evaluate  CD8  T  cells  func-
ion  by  measuring  granzyme  B  production  and  have  not
etected  any  significant  differences  of  CD8  T  cell  produc-
ion  of  granzyme  B,  which  suggests  that  their  function  is  well
reserved.

The  major  limitation  of  our  study  was  the  small  number
f  subjects  included.  This  was  difficult  to  overcome  because
f  the  difficulty  of  recruiting  healthy  preterm  and  term  chil-
ren  at  this  age  in  order  only  to  collect  blood  samples.
owever,  given  that  this  type  of  data  is  scarce  in  the  lit-
rature,  we  believe  that  our  results  are  valuable  and  will
elp  raising  further  questions  on  the  development  of  the
mmune  response  in  preterm-born  children.

In  conclusion,  our  data  show  that  deficiencies  in  the  pat-
erns  of  innate  and  adaptive  immune  responses  at  birth  do
ot  necessarily  mean  that  it  does  not  go  through  an  evolu-
ionary  and  maturational  process  during  the  first  years  after
irth.  We  showed  that  preterm  children  at  three  years  of  age
resent  a  functional  immune  system  to  defend  them  against
nfections,  with  similar  frequency  of  dendritic  and  T  cells,  as
ell  as  similar  expression  of  pattern  recognition  receptors
nd  cytokine  production,  when  compared  to  term  children
t  this  same  age.
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