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Maternal	  Samples	  

•  Nested	  case/control	  sample	  
•  Eligible	  subjects	  selected	  from	  the	  enFre	  
Ukraine	  cohort	  based	  on	  
– Availability	  of	  two	  maternal	  blood	  samples	  
(enrollment	  at	  3rd	  trimester)	  

– Live	  born	  infant	  with	  study	  related	  physical	  exam	  
and	  neurobehavioral	  tesFng	  completed	  

	  



Maternal	  Samples	  

•  Cases	  and	  controls	  selected	  from	  eligibles;	  consist	  of	  
three	  groups	  defined	  as	  
–  A)	  mother	  exposed	  to	  moderate	  to	  heavy	  amounts	  of	  
alcohol	  in	  pregnancy;	  live	  born	  infant	  has	  facial	  features,	  
growth	  deficiency,	  and	  lower	  scores	  on	  Bayley	  scales	  of	  
infant	  development	  between	  6	  and	  12	  months	  of	  age	  

–  B)	  mother	  exposed	  to	  similar	  amounts	  of	  alcohol	  as	  (A);	  
live	  born	  infant	  has	  no	  facial	  features,	  normal	  growth,	  and	  
scores	  in	  the	  normal	  range	  on	  the	  Bayley	  between	  6	  and	  
12	  months	  of	  age	  

–  C)	  mother	  reported	  no	  or	  low	  alcohol	  exposure	  (controls)	  

	  



Maternal	  Samples	  

•  Sample	  set	  meeFng	  these	  criteria	  previously	  
used	  	  
–  for	  broad-‐based	  methylaFon	  analysis	  	  
–  to	  measure	  epigeneFc	  changes	  in	  PER2	  and	  POMC	  
genes	  for	  Dipak	  Sarkar’s	  developmental	  project	  



Plasma	  miRNA	  project	  

Rajesh	  Miranda	  



Free	  Hemoglobin	  Analysis	  
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Sample ID User name Date and Time 1 (nm) 1 (Abs) 2 (nm) 2 (Abs) 3 (nm) 3 (Abs) 4 (nm) 4 (Abs)
S.Plasma B37 Miranda Lab #2 3/10/2014 4:30:30 PM 414 0.068 500 -0.293 560 -0.347 600 -0.378
RBC W75 Miranda Lab #2 3/10/2014 4:32:55 PM 414 0.085 500 2.055 560 0.635 600 1.508
S.Plasma 7660 Miranda Lab #2 3/10/2014 4:31:55 PM 414 -0.004 500 -0.053 560 -0.062 600 -0.063
RBC 2060 Miranda Lab #2 3/10/2014 4:34:00 PM 414 -0.136 500 1.594 560 0.641 600 1.760
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Sample ID User name Date and Time 1 (nm) 1 (Abs) 2 (nm) 2 (Abs) 3 (nm) 3 (Abs) 4 (nm) 4 (Abs)
TCK 675 Pre GA Miranda Lab #2 3/10/2014 4:38:36 PM 414 0.029 500 -0.066 560 -0.098 600 -0.106
TCK 119 Pre GA Miranda Lab #2 3/10/2014 4:37:38 PM 414 -0.036 500 -0.183 560 -0.237 600 -0.251
TCK 1292 Pre GA Miranda Lab #2 3/10/2014 4:39:24 PM 414 0.100 500 -0.094 560 -0.136 600 -0.149
TCR 3020 Pre GA Miranda Lab #2 3/10/2014 4:40:20 PM 414 -0.059 500 -0.310 560 -0.365 600 -0.392
TCR 3742 Pre GA Miranda Lab #2 3/10/2014 4:41:06 PM 414 -0.034 500 -0.215 560 -0.275 600 -0.293
TCK 287 PRE GB Miranda Lab #2 3/10/2014 4:50:21 PM 414 0.014 500 -0.162 560 -0.228 600 -0.239
TCK 394 PRE GB Miranda Lab #2 3/10/2014 4:51:21 PM 414 -0.062 500 -0.196 560 -0.238 600 -0.248
TCK 684 PRE GB Miranda Lab #2 3/10/2014 4:52:05 PM 414 0.170 500 -0.085 560 -0.111 600 -0.124
TCR 1511 PRE GB Miranda Lab #2 3/10/2014 4:54:10 PM 414 0.029 500 -0.044 560 -0.079 600 -0.083
TCR 1763 PRE GB Miranda Lab #2 3/10/2014 4:55:07 PM 414 0.017 500 -0.108 560 -0.150 600 -0.157
TCK 67 PRE GC Miranda Lab #2 3/10/2014 5:03:07 PM 414 0.121 500 -0.149 560 -0.230 600 -0.248
TCK 582 PRE GC Miranda Lab #2 3/10/2014 5:03:51 PM 414 0.043 500 -0.065 560 -0.096 600 -0.100
TCK 1024 PRE GC Miranda Lab #2 3/10/2014 5:04:44 PM 414 0.070 500 -0.093 560 -0.135 600 -0.145
TCR 1296 PRE GC Miranda Lab #2 3/10/2014 5:05:35 PM 414 0.059 500 -0.037 560 -0.061 600 -0.065
TCR 1537 PRE GC Miranda Lab #2 3/10/2014 5:06:20 PM 414 0.336 500 -0.176 560 -0.212 600 -0.230
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Sample ID User name Date and Time 1 (nm) 1 (Abs) 2 (nm) 2 (Abs) 3 (nm) 3 (Abs) 4 (nm) 4 (Abs)
TCK 119 Post GA Miranda Lab #2 3/10/2014 4:43:22 PM 414 0.011 500 -0.093 560 -0.131 600 -0.142
TCR 3742 Post GA Miranda Lab #2 3/10/2014 4:46:41 PM 414 -0.048 500 -0.321 560 -0.374 600 -0.396
TCK 675 Post GA Miranda Lab #2 3/10/2014 4:44:12 PM 414 -0.072 500 -0.212 560 -0.297 600 -0.318
TCK 1292 Post GA Miranda Lab #2 3/10/2014 4:44:57 PM 414 -0.034 500 -0.156 560 -0.213 600 -0.224
TCR 3958 Post GA Miranda Lab #2 3/10/2014 4:47:28 PM 414 -0.001 500 -0.102 560 -0.149 600 -0.161
TCK 287 POST GB Miranda Lab #2 3/10/2014 4:56:46 PM 414 -0.024 500 -0.100 560 -0.165 600 -0.176
TCK 394 POST GB Miranda Lab #2 3/10/2014 4:57:34 PM 414 0.017 500 -0.122 560 -0.158 600 -0.169
TCK 684 POST GB Miranda Lab #2 3/10/2014 4:58:20 PM 414 -0.130 500 -0.321 560 -0.409 600 -0.435
TCR 1763 POST GB Miranda Lab #2 3/10/2014 4:59:49 PM 414 0.018 500 -0.105 560 -0.146 600 -0.157
TCR 1511 POST GB Miranda Lab #2 3/10/2014 4:59:05 PM 414 -0.021 500 -0.165 560 -0.218 600 -0.232
TCK 67 POST GC Miranda Lab #2 3/10/2014 5:07:58 PM 414 -0.050 500 -0.248 560 -0.365 600 -0.395
TCK 582 POST GC Miranda Lab #2 3/10/2014 5:08:52 PM 414 -0.025 500 -0.120 560 -0.153 600 -0.160
TCR 1296 POST GC Miranda Lab #2 3/10/2014 5:10:24 PM 414 0.044 500 -0.233 560 -0.287 600 -0.307
TCK 1024 POST GC Miranda Lab #2 3/10/2014 5:09:34 PM 414 -0.076 500 -0.178 560 -0.242 600 -0.253
TCR 1691 POST GC Miranda Lab #2 3/10/2014 5:11:49 PM 414 -0.028 500 -0.118 560 -0.155 600 -0.161
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RNA	  Recovery	  





Linear	  ClassificaFon	  model	  
46	  miRNAs	  best	  predict	  class	  membership	  
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Analysis	  of	  Top	  14	  candidate	  miRNA	  predictors	  

KEGG$pathway p+value #genes #miRNAs
Proteoglycans-in-cancer 2.11E309 103 13
TGF3beta-signaling-pathway 7.20E308 49 13
Glioma 1.76E305 37 11
ErbB-signaling-pathway 0.00024632 50 12
Signaling-pathways-regulating-pluripotency-of-stem-cells 0.00031564 70 13
Hippo-signaling-pathway 0.00045902 70 13
Pathways-in-cancer 0.00045902 170 13
Axon-guidance 0.00063219 58 11
FoxO-signaling-pathway 0.0006798 65 11
Thyroid-hormone-signaling-pathway 0.0006798 56 13
Amphetamine-addiction 0.00085416 33 10
Renal-cell-carcinoma 0.00116797 38 11
Focal-adhesion 0.00130633 97 12
ECM3receptor-interaction 0.00204389 39 11
Ubiquitin-mediated-proteolysis 0.00228231 69 11
PI3K3Akt-signaling-pathway 0.00233613 144 12
Transcriptional-misregulation-in-cancer 0.00233613 79 12
cGMP3PKG-signaling-pathway 0.00536169 77 12
mTOR-signaling-pathway 0.00536169 34 12
Adrenergic-signaling-in-cardiomyocytes 0.00595621 65 12
cAMP-signaling-pathway 0.00978237 89 12









Random	  Forests	  ClassificaFon	  Model	  



KEGG$pathway p+value #genes #miRNAs
Fatty%acid%biosynthesis 8.37E415 7 5
Fatty%acid%metabolism 2.06E411 22 11
Signaling%pathways%regulating%pluripotency%of%stem%cells 1.22E406 66 14
Adrenergic%signaling%in%cardiomyocytes 2.84E405 59 14
Proteoglycans%in%cancer 0.00010235 85 14
Hippo%signaling%pathway 0.0005956 63 14
Thyroid%hormone%signaling%pathway 0.0005995 47 12
Wnt%signaling%pathway 0.00073793 58 13
PI3K4Akt%signaling%pathway 0.00078408 127 14
AMPK%signaling%pathway 0.00392369 54 14
mTOR%signaling%pathway 0.00717255 31 13
FoxO%signaling%pathway 0.00742935 56 13
Neurotrophin%signaling%pathway 0.00742935 52 13
Regulation%of%actin%cytoskeleton 0.00874377 79 13
MAPK%signaling%pathway 0.00874377 93 14
Pathways%in%cancer 0.00874377 137 14
Glioma 0.01055503 27 13
Glycosaminoglycan%biosynthesis%4%heparan%sulfate%/%heparin 0.01137512 11 8
Axon%guidance 0.01137512 48 13
TGF4beta%signaling%pathway 0.01307434 30 12
Glutamatergic%synapse 0.01498513 43 12
Endocytosis 0.01518223 77 13

Analysis	  of	  top	  15	  candidate	  miRNA	  predictors	  









WEINBERG	  CIFASD	  DEVELOPMENTAL	  
PROJECT	  

With	  Tina	  Chambers	  and	  CIFASD	  team	  
Co-‐I:	  Dr.	  Charlis	  Raineki	  

PhD	  student:	  Tamara	  Bodnar	  
	  

IdenFfying	  an	  immune	  signature	  
characterisFc	  of	  FASD:	  ImplicaFons	  for	  
possible	  immune-‐	  based	  intervenFon	  

strategies	  
	  



Background	  

•  CIFASD	  Developmental	  Project	  inspired	  by	  
our	  recent	  animal	  work	  on	  neuroimmune	  
funcFon	  
–  Following	  an	  immune/inflammatory	  challenge	  
in	  adulthood,	  PAE	  animals	  exhibit	  a	  more	  
severe	  and	  prolonged	  course	  of	  inflammaFon	  	  

– This	  exacerbated	  response	  may	  have	  its	  basis	  
in	  a	  PAE-‐induced	  pro-‐inflammatory	  bias	  that	  is	  
present	  from	  early	  life	  



CIFASD	  Proposal	  
•  It	  is	  not	  known	  whether	  children	  with	  FASD	  exhibit	  a	  similar	  

pro-‐inflammatory	  profile	  
–  Adverse	  early-‐life	  experiences	  (eg.,	  prenatal	  infecFon,	  childhood	  

trauma)	  are	  associated	  with	  increased	  cytokine	  expression,	  with	  
detrimental	  long-‐term	  consequences	  

–  Altered	  cytokine	  profiles	  in	  children	  with	  ASD	  
–  Aberrant	  inflammatory	  mechanisms	  may	  be	  at	  the	  root	  of	  many	  

physical	  and	  mental	  health	  disorders,	  and	  as	  such,	  may	  benefit	  from	  
immune-‐based	  intervenFons.	  	  

•  Specific	  Aims	  of	  our	  proposal:	  	  
–  Probe	  for	  a	  unique	  immune	  signature	  (early	  pro-‐inflammatory	  bias?)	  in	  

children	  with	  FASD	  that	  may	  be	  linked	  to	  maternal	  immune	  funcFon	  
–  Measure	  endocrine	  (HPA)	  funcFon	  in	  parallel	  –	  index	  of	  endocrine-‐

immune	  interacFon	  
–  Both	  plasma	  and	  salivary	  markers	  –	  are	  there	  alcohol-‐specific	  

alteraFons	  in	  saliva	  that	  parallel	  those	  in	  blood	  
–  InvesFgate	  whether	  nutriFonal	  supplementaFon	  can	  modulate	  the	  

expected	  pro-‐inflammatory/endocrine	  profile	  	  



Methods	  
–  CollaboraFon	  with	  Tina	  Chambers	  to	  analyze	  samples	  
from	  mothers	  and	  children	  in	  CIFASD	  Ukraine	  cohorts	  

–  Plasma	  samples	  from	  mothers	  –	  categorized	  by	  outcomes	  
of	  the	  children:	  

•  A:	  Alcohol-‐consuming	  women	  whose	  children	  were	  affected	  (facial	  
features,	  growth,	  neurobehavioral	  deficits)	  

•  B:	  Alcohol-‐consuming	  women	  whose	  children	  were	  not	  affected	  (no	  
features,	  no	  growth	  or	  neurobehavioral	  deficits)	  

•  C:	  Women	  with	  low-‐no	  alcohol	  consumpFon	  with	  unaffected	  children 	  	  

–  Samples	  taken	  at	  enrollment	  (~second	  trimester)	  and	  32	  
wk	  follow-‐up	  (third	  trimester)	  

–  Samples	  analyzed	  using	  Human	  Biomarker	  40-‐Plex	  Kit	  
from	  MesoScale	  Discovery	  

•  Wide	  dynamic	  range,	  best	  available	  assay	  sensiFvity	  
•  Pro-‐	  and	  anF-‐inflammatory	  cytokine	  and	  chemokine	  panels,	  
angiogenesis	  panel,	  vascular	  injury	  panel	  	  -‐	  40	  analytes	  total	  



Cytokines	  and	  the	  Th1/Th2	  Inflammatory	  Response	  
Cytokines:	  
-‐  Signaling	  molecules	  of	  the	  immune	  system	  (the	  hormones	  of	  the	  immune	  system)	  
-‐  Immunomodula8ng	  agents	  that	  result	  in:	  

-‐  Growth	  and	  differenFaFon	  of	  immune	  cells	  
-‐  AcFvaFon	  of	  immune	  cells	  
-‐  Fever,	  inflammaFon,	  etc.	  

-‐  Produced	  by:	  cells	  of	  the	  immune	  system	  and	  others	  
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(Bodnar)	  



Caveats:	  

•  Data	  PRELIMINARY!	  
–  Data	  from	  only	  6	  of	  8	  plates	  processed	  and	  included	  in	  
slides	  to	  date	  

–  Some	  pamerns	  may	  become	  stronger	  or	  less	  strong	  with	  
complete	  n/group	  

–  Further	  processing	  needed	  using	  PCA,	  network	  analysis,	  
etc	  to	  see	  bigger	  picture	  of	  cytokine	  funcFon	  

–  Need	  to	  relate	  results	  to:	  other	  biological	  measures	  
(Rajesh,	  Dipak,	  etc)	  and	  to	  demographic,	  psychosocial,	  
behavioral,	  etc	  measures	  



Ethanol-‐consuming	  moms,	  regardless	  of	  
whether	  child	  is	  affected	  (A	  and	  B)	  

	  
different	  from	  	  

	  
(C)	  Moms	  with	  low	  to	  no	  ethanol	  

consumpFon	  –	  
	  

Effect	  of	  ethanol	  consumpFon	  per	  se	  



Pro-‐angiogenic	  proteins	  
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GM-‐CSF	  is	  part	  of	  inflammatory	  cascade	  –	  
Role	  in	  implantaFon	  and	  embryo	  development	  
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Pro-‐inflammatory	  cytokine,	  may	  signal	  
onset	  of	  labor	  
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Ethanol-‐consuming	  moms	  with	  affected	  
children	  (A)	  

	  

	  different	  from	  	  
	  

Ethanol-‐consuming	  moms	  whose	  children	  are	  
not	  affected	  (B),	  and	  low-‐no	  ethanol	  

consumpFon	  group	  
	  (C)	  



Pro-‐inflammatory	  cytokines	  
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TENTATIVE	  Comment	  

•  Ideas	  from	  the	  prenatal	  stress	  literature:	  
•  Increased	  pro-‐inflammatory	  Th1	  cytokines	  in	  
the	  mother	  (maternal-‐fetal	  interface)	  are	  
linked	  to	  higher	  risk	  of	  allergy	  and	  other	  
immune	  (parFcularly	  auto-‐immune)	  
disturbances	  in	  the	  fetus	  	  

•  If	  we	  see	  increases	  in	  Th1	  cytokines,	  we	  
could	  link	  this	  to	  possible	  changes	  in	  the	  
child's	  immune	  response	  



AnF-‐inflammatory	  cytokines	  
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Chemokines	  
(chemotaxis,	  movement	  of	  cells)	  

CCL22	  
Involved	  in	  maternal-‐fetal	  immune	  tolerance;	  	  

trafficking	  of	  acFvated	  T	  cells	  to	  inflammatory	  sites	  

0

100

200

300

400

V
E

G
F-

C
 (p

g/
m

L)

VEGF-C

No ethanol
Ethanol - Unaffected

Second
trimester

Third
trimester

Ethanol - Affected

0

200

400

600

800

M
D

C
 (p

g/
m

L)

Monocyte-Derived Chemokine (MDC)
CCL22

Second
trimester

Third
trimester

0

20

40

60

80

M
IP

-1
β 

(p
g/

m
L)

Macrophage Inflammatory 
Protein-1β (MIP-1β)

CCL4

Second
trimester

Third
trimester



Alcohol-‐consuming	  mom	  with	  unaffected	  	  
children	  (B)	  

	  	  
different	  from	  

	  	  
Alcohol-‐consuming	  moms	  with	  affected	  

children	  (A)	  and	  moms	  with	  low-‐no	  ethanol	  	  
consumpFon	  (C)	  



Chemokines	  

AcFvates	  T	  cells	  
to	  sFmulate	  IFN-‐Υ	  
producFon	  

Chemokine	  with	  
inflammatory	  and	  
chemokineFc	  	  
properFes	  

Recruits	  
eosinophils-‐	  
involved	  in	  allergic	  
processes	  

ChemotacFc	  for	  
eosinophils	  and	  
basophils	  
	  

0

100

200

300

400

V
E

G
F-

C
 (p

g/
m

L)

VEGF-C

No ethanol
Ethanol - Unaffected

Second
trimester

Third
trimester

Ethanol - Affected

0

10

20

30

40

50

60

70

80

E
ot

ax
in

 (p
g/

m
L)

Eotaxin
(CCL11)

Second
trimester

Third
trimester

0

5

10

15
E

ot
ax

in
-3

 (p
g/

m
L)

Eotaxin-3
(CCL26)

Second
trimester

Third
trimester

0

5

10

15

20

M
IP

-1
α

 (p
g/

m
L)

Macrophage Inflammatory 
Protein 1α (MIP-1α)

CCL3

Second
trimester

Third
trimester

0.00

0.05

0.10

0.15

IL
-1

2p
70

 (p
g/

m
L)

IL-12p70

Second
trimester

Third
trimester



Of	  relevance	  

Studies	  in	  the	  ASD	  field	  are	  showing	  links	  
between	  early	  life	  cytokine	  profiles	  and	  
the	  development	  and	  severity	  of	  ASD	  
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Abstract

Background: Immune anomalies have been documented in individuals with autism spectrum disorders (ASDs)
and their family members. It is unknown whether the maternal immune profile during pregnancy is associated
with the risk of bearing a child with ASD or other neurodevelopmental disorders.

Methods: Using Luminex technology, levels of 17 cytokines and chemokines were measured in banked serum
collected from women at 15 to 19 weeks of gestation who gave birth to a child ultimately diagnosed with (1) ASD
(n = 84), (2) a developmental delay (DD) but not autism (n = 49) or (3) no known developmental disability (general
population (GP); n = 159). ASD and DD risk associated with maternal cytokine and chemokine levels was estimated
by using multivariable logistic regression analysis.

Results: Elevated concentrations of IFN-g, IL-4 and IL-5 in midgestation maternal serum were significantly
associated with a 50% increased risk of ASD, regardless of ASD onset type and the presence of intellectual
disability. By contrast, elevated concentrations of IL-2, IL-4 and IL-6 were significantly associated with an increased
risk of DD without autism.

Conclusion: The profile of elevated serum IFN-g, IL-4 and IL-5 was more common in women who gave birth to a
child subsequently diagnosed with ASD. An alternative profile of increased IL-2, IL-4 and IL-6 was more common
for women who gave birth to a child subsequently diagnosed with DD without autism. Further investigation is
needed to characterize the relationship between these divergent maternal immunological phenotypes and to
evaluate their effect on neurodevelopment.

Background
Autism spectrum disorders (ASDs) are a heterogeneous
group of neurodevelopmental diseases that manifest in
early childhood. Individuals with ASD demonstrate vary-
ing degrees of social impairments, deficits in language
and communication and stereotypic and repetitive beha-
viors [1]. There are no clear biological markers for ASD,
and current diagnosis relies entirely on behavioral criteria
[2,3]. Little is known about the pathology and etiology of
the disorders, though genetic, neurologic, environmental
and/or immune factors are likely involved [4]. Recent

epidemiologic data suggest that approximately 1 in 100
children is diagnosed with an ASD [5,6], highlighting the
urgent need for better understanding of this complex
disorder.
Evidence has linked various types of maternal immune

activation and dysregulation to behavioral disorders,
including ASD [7,8]. Mothers of children with ASD have
been reported to have a higher incidence of allergic and
autoimmune diseases compared to mothers of typically
developing children [9-11]. Furthermore, some mothers
harbor circulating antibodies that can bind to brain
proteins [12-15]. Prenatal immune challenge, such as a
bacterial or viral infection, has also been related to beha-
vioral disorders in offspring in both epidemiological stu-
dies and animal models [16]. Murine models have shown
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robust maternal cellular immune responses must be
suppressed to avoid rejection of the fetus as a foreign
allograft [25]. Evidence suggests that under normal cir-
cumstances, pregnancy shifts the maternal immune sys-
tem toward a more tolerant, low inflammatory state that
involves decreased production of cytokines such as IL-6
and IFN-g and increased production of the more regula-
tory cytokines, including IL-4, IL-5 and IL-10 [26-29].
Mothers of children with ASD and DD demonstrated
increased levels of the inflammatory cytokines IFN-g
and IL-6, respectively, which may be indicative of an
atypical immune state during gestation.

Proper maternal immune regulation is important for
healthy fetal development
Dramatic changes in maternal immune homeostasis dur-
ing pregnancy (in response to infection, disease or other
environmental influences) are associated with complica-
tions such as miscarriage, preterm delivery and pree-
clampsia [30]. Maternal immune responses can also
affect the development of the fetal nervous system
[31,32]. Epidemiological studies have suggested that pre-
natal infections may be related to neurological disorders
such as schizophrenia and autism [33,34]. Furthermore,
animal models have repeatedly demonstrated that robust
maternal immune responses during pregnancy can alter
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Figure 1 Midgestational serum IFN-g. Scatterplots of natural log-
transformed levels of serum IFN-g in mothers bearing a child with
autism spectrum disorder (AU) or a developmental disability other
than ASD (DD) compared with a general population control (GP).
Each dot represents a single individual. Bars represent the medians
and interquartile ranges.
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Figure 2 Midgestational serum IL-4. Scatterplots of natural log-
transformed levels of serum IL-4 in mothers bearing a child with
autism spectrum disorder (AU) or a developmental disability other
than ASD (DD) compared with a general population control (GP).
Each dot represents a single individual. Bars represent the medians
and interquartile ranges.
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offspring behavior and brain histopathology [17,19,
35-37]. Various cytokines, including IL-6 and IL-2, have
been shown to mediate some of these effects [18,20,21].
We suggest that atypical maternal immune function dur-
ing pregnancy may be related to ASD or DD outcomes
among children.

Mothers bearing a child with ASD had increased levels of
IFN-g, IL-4 and IL-5
In the current study, mothers bearing a child with ASD
had significantly increased levels of serum IFN-g, IL-4
and IL-5. IFN-g, the most dramatically elevated cytokine
in this population, is involved in aspects of defense

against intracellular pathogens, tumor surveillance, auto-
immunity, allergy and pregnancy. Peripheral IFN-g levels
are low in healthy pregnancies, and increased produc-
tion of peripheral IFN-g is often related to complications
such as preeclampsia [38]. IFN-g is produced by a subset
of activated T cells, though its primary source is natural
killer (NK) cells. During pregnancy, a unique population
of IFN-g-producing NK cells accumulates in the uterus,
where they have a vital role in placental development
[39]. The increased levels of serum IFN-g observed in
mothers bearing a child with ASD may be indicative of
imbalanced immune function at the maternal-fetal inter-
face, which could lead to improper placental formation
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Figure 3 Midgestational serum IL-5. Scatterplots of natural log-
transformed levels of serum IL-5 in mothers bearing a child with
autism spectrum disorder (AU) or a developmental disability other
than ASD (DD) compared with a general population control (GP).
Each dot represents a single individual. Bars represent the medians
and interquartile ranges.
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Figure 4 Midgestational serum IL-6. Scatterplots of natural log-
transformed levels of serum IL-6 in mothers bearing a child with
autism spectrum disorder (AU) or a developmental disability other
than ASD (DD) compared with a general population control (GP).
Each dot represents a single individual. Bars represent the medians
and interquartile ranges.
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²  ASD: Autism Spectrum 
Disorder 

²  C: Control, general 
population 

²  DD: Developmental 
Delay 



•  Examined	  blood	  spots	  from:	  214	  children	  with	  ASD,	  62	  typically	  
developing	  controls,	  27	  children	  with	  developmental	  delay.	  

•  Levels	  of	  17	  cytokines	  and	  chemokines	  compared	  across	  groups	  
and	  in	  relaFon	  to	  developmental	  and	  behavioral	  domains	  

•  Peripheral	  cytokine	  profiles	  at	  birth	  associated	  with	  ASD	  later	  in	  
childhood.	  Cytokine	  profiles	  vary	  depending	  on	  ASD	  severity.	  

•  Cytokines	  have	  complex	  roles	  in	  neurodevelopment;	  dysregulated	  
levels	  may	  be	  indicaFve	  of	  geneFc	  differences	  and	  environmental	  
exposures,	  and/or	  their	  interacFons,	  that	  relate	  to	  ASD	  



•  ObjecFve:	  to	  assess	  connecFon	  between	  inflammaFon	  and	  
cytokine	  profiles	  in	  children	  with	  ASD	  

•  Peripheral	  immune	  cells	  from	  children	  with	  ASD	  and	  TD	  controls	  
isolated	  and	  sFmulated	  with	  mitogens	  

•  IL-‐17	  produc8on	  higher	  following	  s8mula8on	  in	  children	  with	  ASD	  
and	  in	  children	  with	  ASD	  plus	  co-‐morbid	  asthma	  compared	  to	  TD	  
controls.	  

•  IL-‐17	  may	  be	  linked	  to	  co-‐morbidity	  (asthma,	  allergies)	  oqen	  
associated	  with	  ASD	  


