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Introduction

Adaptation  of  neonatal  function  is  a  complex  process  where
nephrons  are  slowly  recruited  in the  order  of  their  for-
mation,  especially  in the first  few  weeks  after birth,
when  kidney  function  changes  daily.1,2 Whereas  only  3%
of  the  renal  blood  flow  goes  to  the  kidneys  before  birth,
this  increases  slowly  to  25%  at 18---24  months  of age.3,4

In  preterm  neonates,  there  is  added  complexity  because
depending  on  their  gestational  age,  they  may  not  have
completed  nephrogenesis  (usually  by  34---36  weeks).5 It is
believed  that  renal  development  is  interrupted  by  pre-
mature  delivery,  affecting  nephron  endowment.6 However,
some  recent  work  suggests  that  some  altered  nephroge-
nesis  can  take  place  postnatally.7 Nephron  development
is  also  affected  by  hyperglycemia.7 Postnatally,  these
infants  often  experience  additional  stress,  and  neonatal
acute  kidney  injury  (AKI).8 There  are multiple  processes
occurring  in  the  developing  neonatal  kidney  of  a prema-
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turely  born  infant, namely  recruitment  of  more  nephrons,
improved  isosthenuria,  handling  of  sodium,  altered  or
halted  nephrogenesis,  hypoxic-ischemic  processes,  nephro-
toxin  exposures,  and  hemodynamic  changes.  The  process  of
recruiting  nephrons  and  the  aforementioned  processes  are
understudied  in preterm  neonates.  In  this context,  we  are
pleased  to  read  the recent study  by  Correa  et  al.9 examining
urinary  biomarkers  of  kidney  function  and  kidney  injury  in
preterm  neonates,  both  at  72  h  and 3 weeks  of  age.

The study  by Correa et al.

Correa  et  al.9 studied  a wide  array  of  urinary  biomarkers
in  40  preterms  (55%  male)  with  an average  gestational  age
of  30  weeks  and  an  average  birth weight  of  1477  g.  All
deliveries  were  by  Cesarian  section  and preeclampsia  was
the  major  cause  of prematurity  in 80%  of  cases.  The  vast
majority  of  these  neonates  were  exposed  to  antenatal  glu-
cocorticoids,  and  24/40  had  respiratory  distress.  Fourteen
out  of  40  patients  had  low or  extremely  low  birth  weight  for
gestational  age.

The  array of  urinary  biomarkers  included:  Calbindin  ---  a
28  kD  biomarker  found  predominantly  in the distal  tubule
that  is  used for  monitoring  nephrotoxic  chemotherapy:
Osteoprotegerin  (OPN)  ---  produced  by  the  kidneys  and  lym-
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phoid  cells  and  used as  a potential  biomarker  of  lupus
nephritis  disease  activity;  Collagen  IV;  Fatty  Acid  binding
protein  1 (FABP1)  ---  a  biomarker  of  hypoxia  in the prox-
imal  tubule;  Glutathione  Transferase  Alpha  (alpha  GST)  ---
an  early  biomarker  for  renal  dysfunction;  urinary  interferon
gamma  induced  protein  10  (IP-10)  ---  a  chemokine  involved
in the  alloimmune  response  of  an  allograft;  kidney  injury
molecule  1 (KIM-1);  Osteoactivin  ---  an early  marker  that is
upregulated  in acute  kidney  injury;  Renin;  Trefoid  Factor
3  (TFF-3)  ---  a  urinary  biomarker  that  is  markedly  reduced
in  AKI;  TIMP-1  ---  the  inhibitor  of  the matrix  metallopro-
teinase  MMP9,  used for  congenital  hydronephrosis  and  reflux
workup  on an experimental  basis;  alpha-1-Microglobulin  ---
a  low  molecular  weight  protein  associated  with  tubular
injury;  Albumin;  Clusterin  ---  a 75---80 kDa  disulfide-linked
heterodimeric  protein  associated  with  the clearance  of  cel-
lular  debris  and  apoptosis;  Cystatin  C;  epidural  growth
factor  (EGF);  Lipocalin-2;  neutrophil  gelatinase-associated
lipocalin  (NGAL)  and Osteopontin  ---  higher  urinary  osteo-
pontin  specifically  predicts  incident  chronic  kidney  disease.
These  molecule  tests  were  performed  using  panels  1 and  2 of
multiplex  kits of  AKI.  Studies  on  such  a wide  panel  of  urinary
biomarkers  in preterm  neonates  have  been  elusive.

Correa  et  al.9 found significant  increases  of  some  of  the
urinary  biomarkers  in their  preterm  neonates  between  3---21
days,  namely  for  urinary  albumin,  EGF,  microglobulin,  clus-
terin,  OPN,  osteoactivin,  KIM-1,  and  NGAL.

When  interpreting  these  results,  it is  important  to  con-
sider  what  is  actually  being  assessed,  and  which  direction
is  concerning.  For instance,  with  worsening  renal  func-
tion,  urinary  EGF  decreases;  whereas  urinary  cystatin  C
or  KIM-1  increases.  Urinary  albumin,  EGF,  macroglobulin,
clusterin,  OPN,  NGAL,  and  osteoactivin  all  increased  signi-
ficantly  between  3---21 days,  whereas  urinary  KIM-1  barely
reached  statistical  significance.  Urinary  cystatin  C  remained
unchanged.

Urinary  EGF  has  been  used  as  a biomarker  for the pro-
gression  of  Alport  syndrome.10 Unlike  the molecular  weight
proteins  that  increase  with  decreased  tubular  function  (e.g.,
urinary  cystatin  C  or  KIM-1),11 urinary  EGF  is  derived  from
the  kidneys  and  has  been demonstrated  to  be  downregulated
in  human  kidney  diseases.12 An  increase  of urinary  EGF  would
therefore  reflect  better  tubular  function,  potentially  due  to
increased  nephron  recruitment  after  21  days  of  age.

Urinary  28-kD  calbindin  is  a  vitamin  D-dependent
calcium-binding  protein  found  predominantly  in the central
nervous  system  and is  a  marker  of  distal  tubular  func-
tion  in  the kidneys,13 and  like urinary  KIM-1,  its  increased
urinary  concentration  is  a  biomarker  for  tubular  injury.14

Urinary  albumin  and  beta-2  microglobulin  and  in the  case  of
this  study,  alpha-1  microglobulin  (which  is  similar  but  more
stable),15 are  known  to  increase  in the neonatal  period,  with
urinary  beta  2-microglobulin  showing  a  peak  level at 7  days.
In sick  preterm  neonates,  both  markers  were  increased  for
at  least  two  weeks.16 Urinary  NGAL  is  known  to  be  increased
with  lower  birth weight  and  may  serve  as  a marker  of AKI.17

The  authors  also  analyzed  if there  was  a  difference
between  these  markers  for  less  than and  greater  than  31
weeks  of  gestational  age.  Interestingly,  and  in contrast  to
what  was  expected  (namely  that  the  higher  gestational  age
group  would  show  fewer  increases),  there  was  no  difference
between  both  groups.

How to make sense of these observed
increases in several urinary markers  while
urinary cystatin C remains unchanged?

The  first  important  finding  was  that  cystatin  C  did  not
change.  It  is  known  that  serum  cystatin  C  does not  change
much  with  gestational  age  until  the post-conceptual  age
reaches  40  weeks.1 The  amount  of  serum  cystatin  C  is  a
marker  of  glomerular  filtration  rate,  and  it is  freely  filtered
across  the glomerular  filtration  barrier.18 Urinary  cystatin
C  is  reflecting  the  amount  of  cystatin  that  is  not  degraded
by  pinocytosis  in the proximal  tubule.18 As  the recruitment
of  nephrons  after birth  parallels  the tubules  that  are  being
recruited,  maintaining  the  same  urinary  cystatin  C  levels
would  make  sense.

Most  of  the kidney  injury  molecules  studied  increased
in  keeping  with  tubular  damage.  Given  the high  proportion
of  respiratory  distress  in Correa’s  cohort,  tubular  damage
would  be expected.  This  may  explain  the increase  of alpha-
1  microglobulin,  clusterin,  OPN,  osteoactivin,  NGAL,  and the
barely  significant  increase  of  urinary  KIM-1.  The  increase
of  EGF  from  a median  of  1.89---2.97  is  an interesting  find-
ing.  This  increase  would be in keeping  with  the increased
recruitment  of  nephron  endowment.12 Unfortunately,  the
rate  of nephron  recruitment  in prematurity  remains  under-
studied,  however,  pharmacokinetic  studies  of  Vancomycin
would  support  the  findings  that  nephrons  are being  recruited
continuously  after  delivery,  as  indicated  by  increasingly
shorter  dosing  intervals  with  increased  postnatal  age.19

The  need  for  future  research

Correa’s  study  demonstrated  that  the kidneys  of  preterm
neonates  are  subject  to  considerable  stress  as  detected  by
the  urinary  metabolomic  profile,  suggesting  that  there  is
not  only a  creatinine-blind  range  of  AKI, but  possibly  also  a
cystatin  C-blind  range.  Since  prematurity  and  AKI  (with  asso-
ciated  morbidity/mortality  and  length  of  stay)  continue  to
increase,  despite  overall  reduced  pediatric  admissions20,21;
reliable  tools  for  the detection  of AKI  are  required.  The  inci-
dence  of  AKI  in critically  ill preterm  neonates  is  40---70%.22

Current  definitions  for  AKI  in  these  patients  still  have short-
comings.  We  need  reference  intervals  for  urinary  biomarkers
of  AKI  by  post-conceptual  age,  to  identify  injury  and  tar-
get  possible  interventions.  The  study  conducted  by  Correa
et  al.  strongly  suggests  that  most  prematurely  born  neonates
experience  significant  tubular  distress  21  days after  birth
regardless  of the gestational  age,  which  may  contribute  to
the  risk  of  future  chronic  kidney  disease  and hypertension  in
these  patients.  We  encourage  ongoing  research  in  this  field.

Summary

Correa’s  study9 suggests  that the  kidneys  of  pre-term
neonates,  and their  tubules  in particular  (both  proximal  and
distal),  are  subject  to  considerable  stress  as  detected  by  the
urinary  metabolomic  profile,  which  does  not  include  changes
in  urinary  cystatin  C.  This  stress  worsens between  3 and  21
days  of  life  and is  probably  unnoticeable  by  conventional
tests.
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