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Trophoblast Inclusions Are Significantly Increased in
the Placentas of Children in Families at Risk for
Autism

Cheryl K. Walker, Kaitlin W. Anderson, Kristin M. Milano, Saier Ye, Daniel J. Tancredi,
Isaac N. Pessah, Irva Hertz-Picciotto, and Harvey J. Kliman
Background: Gestation is a critical window for neurodevelopmental vulnerability. This study examined whether the presence of
trophoblast inclusions (TIs) in the placenta could serve as a predictor for children at elevated risk for autism spectrum disorder (ASD).

Methods: Placentas were obtained from 117 births in the MARBLES (Markers of Autism Risk in Babies—Learning Early Signs) cohort of
families who have one or more previous biological children with ASD, placing their newborn at elevated risk for neurodevelopmental
compromise. Control samples were obtained from 100 uncomplicated term pregnancies of multiparous women with one or more
typically developing biological children. Frequency of TIs was compared across the two groups.

Results: Placentas from at-risk pregnancies had an eightfold increased odds of having two or more TIs compared with control samples
(odds ratio: 8.0, 95% confidence interval: 3.6–18.0). The presence of $2 TIs yielded a sensitivity of 41% and a specificity of 92% for
predicting ASD risk status, whereas $4 TIs yielded a sensitivity of 19%, a specificity of 99.9%, and a positive likelihood ratio of 242 and
conservatively predicted an infant with a 74% probability of being at risk for ASD.

Conclusions: Our findings suggest that the placentas from women whose fetuses are at elevated risk for autism are markedly different
from control placentas. These differences are manifested histologically as TIs. Their identification has the possibility of identifying
newborns at risk for ASD who might benefit from targeted early interventions aimed at preventing or ameliorating behavioral
symptoms and optimizing developmental outcomes.
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A
utism spectrum disorders (ASDs) are increasingly common,
with the Centers for Disease Control and Prevention
estimating the prevalence to be approximately 1 in 88

and the diagnosis five times more common among boys (1 in 54)
than among girls (1 in 252) (1). Most scientists consider
gene � environment interaction to play a prominent role in the
etiology of ASDs, with genetic vulnerability (2) setting the stage
for environmental influences (3,4). The recurrence risk of ASDs
among children with an older affected sibling was recently
estimated to be 18.7%, with an almost threefold increased risk
for male subjects and an additional twofold increased risk if there
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was �1 older affected sibling (5). Neurobiological findings
suggest that the pathophysiology of ASD originates during fetal
development (6,7).

The human placenta mediates interactions between mother
and fetus throughout gestation and provides a historical record
of maternal physiologic influences on the fetus (8). Its genetic
composition is fetal, and thus it provides a proxy for evaluation of
morphological patterns in the fetus. Moreover, through its role in
regulating the passage of substances between maternal and fetal
compartments and production of bioactive proteins and small
molecules, the placenta is central to fetal health, survival, and
programming (9).

The serendipitous observation of an increased frequency of
trophoblast inclusions (TIs) in two placenta consult cases by the
corresponding author (H.J.K.), which coincidentally were associated
with children with ASD, led to the hypothesis that TIs might be a
marker of ASD—much as TIs are a marker for a number of other
genetic abnormalities. Trophoblast inclusions are the result of
abnormal infoldings of the trophoblast bilayer, either due to an
increased number of cytotrophoblasts or a decreased fusion rate of
cytotrophoblasts into the overlying syncytial trophoblast layer (10–
12). They were first described as a marker of triploid gestations (13)
but are now recognized to be common in a wide range of
karyotypically abnormal gestations (14) and spontaneous preg-
nancy losses (15–17). They have not been described in common
placental pathologies, including chorioamnionitis, decreased mater-
nal placental perfusion, or chronic villitis. As TIs age, they become
calcified and are referred to as calcified TIs (18). Thus, uncalcified TIs
are by convention simply referred to as TIs. Our initial retrospective
case-control study in 2007 validated the hypothesis and identified a
threefold increase in the rate of TIs among children with ASD in
comparison with children from the general population (18).

The goal of this study was to determine in a blinded case-
control study whether TIs are more common among placentas
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from newborns at elevated risk for developing ASDs in compar-
ison with those from children born from the general population
without a familial predisposition to ASD.
Methods and Materials

Subjects and Study Design
For this analysis, our exposure was defined as presence or

absence of enhanced risk for ASD in the offspring of a multiparous
woman on the basis of the neurodevelopmental status of one or
more previous births. High-risk women were drawn from the
MARBLES (Markers of Autism Risk in Babies – Learning Early Signs)
Study, a prospective cohort that enrolls mothers of children with
ASD in a subsequent pregnancy who are thus at high risk for
delivering a child who develops ASD (http://marbles.ucdavis.edu).
The MARBLES families are recruited from lists of children receiving
services for autism through the California Department of Devel-
opmental Services, from other studies at the Medical Investigations
of Neurodevelopmental Disorders Institute, and by self-referral.
Inclusion criteria for the MARBLES Study included: 1) maternal age
at least 18 years; 2) planning a pregnancy or pregnant; 3) one or
both parents of the current or planned pregnancy being the
biological parent of a child with ASD; and 4) residence within the
specified catchment area in California. All 117 archived MARBLES
placental specimens (39 � 1.5 weeks gestation; range 36 � 1 to
41 � 6 weeks) of 146 births between January 11, 2008 and January
10, 2011 were processed. We did not have placental samples from
29 MARBLES births, because either study staff were not able to
attend the delivery or placentas were retained by the hospital.
Women in the low-risk control group were drawn from a
convenience sample of 100 multiparous women delivering at the
University of California Davis Medical Center between December 6,
2010 and January 29, 2011 with the following inclusion criteria: 1)
at least 18 years of age; 2) a singleton gestation; 3) at term between
39 and 40 6/7 weeks; 4) without medical complications of
pregnancy; and 5) with one or more other biological children
who were developing typically. Due to limitations imposed by the
University of California Davis Medical Center institutional review
board, no additional clinical information was permitted to be
collected from the control group mothers. The institutional review
board of the University of California at Davis and the State of
California Committee for the Protection of Human Subjects
approved the study, and informed consent was obtained at
enrollment.

Placentas were obtained shortly after birth, chilled, and
maintained until processing, with a time interval between birth
and fixation of 1–24 hours. Randomly selected 3 � 3 cm full-
thickness samples were taken, de-identified, and placed in 10%
phosphate-buffered formalin for between a few days to 3 years
before they were batched and sent for histopathologic evalua-
tion at the Yale Reproductive and Placental Research Unit. This
aspect of the study was approved by the Yale University Human
Investigation Committee (HIC protocol #1003006495). The path-
ology team was blinded to risk status. Each placental sample was
cut into five equal slices, four of which were placed into
25 � 30 mm cassettes, processed in the Yale Dermatopathology
Histology laboratory, embedded in paraffin, microtomed at 5 mm,
placed on routine glass slides, and stained with hematoxylin and
eosin. The final observable cross-sectional area averaged
315 � 90 mm2. The 868 resulting slides were randomized
(http://randomizer.org) and read in numeric order by an experi-
enced placental pathologist (H.J.K.).
The outcomes of interest were the frequencies of TIs, calcified
TIs, and total TIs. As described previously (11,12,18,19), TIs were
identified by the presence of central syncytiotrophoblast nuclei
surrounded by one or more cytotrophoblasts, always away from
the villus edge (Figure 1A–D), whereas TIs with a calcified core
were considered calcified TIs (Figure 1E–H). Calcification is a
proxy for TI age, because calcified TIs are likely older than TIs. All
the chorionic villi on each slide were scanned systematically in a
row � row (raster) pattern. The TIs and calcified TIs were counted
in each slide and added together to obtain a total TI count. Poor
fixation was defined both in a binary fashion as zero versus one
or more poorly fixed slides and also as the number of slides (zero
to four) that were poorly fixed.

Statistical Analysis
We examined the frequency of TIs in the MARBLES group

compared with the control group. The TIs were counted and
summed across all four slides and analyzed both as a continuous
variable and a dichotomous one, with zero to one total TIs being
considered a negative placenta and two or more total TIs being
considered a positive placenta. This dichotomous cut-point was
set a priori on the basis of previous research (18).

Proportions of positive placentas in the at-risk versus control
groups were compared with two-tailed Fisher exact probability
test. Additional exploratory analyses examined different TI cut-
offs, the use of TIs only, calcified TIs only, and total TIs—which
were then used to estimate sensitivity and specificity of alter-
native cutoffs for discriminating between MARBLES and control
placentas.

Intra-rater test-retest reliability was established by rereading all
four slides from a 10% random subset of the samples (22 of 217
cases, yielding 88 of the original 868 slides) and analyzing for two
or more TIs only, calcified TIs only, and total TIs/sample as well as
poor fixation between reads. The observed percent agreement
across all slides with two or more total TIs/slide was 95% (84 of 88)
and per sample was 82% (18 of 22), with per slide and per sample k
values of .58 and .54, respectively, indicating good agreement. The
Spearman correlation coefficient for total TI counts between the
two reads in a slide-to-slide comparison was .64, indicating that
they were moderately to strongly correlated. The intra-rater test-
retest reliability for poor fixation was good (k .59).

Poisson distribution data fitting was performed initially with
the population means of TIs in the control and MARBLES groups.
The data were fit to a mixture of two Poisson distributions (20),
to improve fitting for the MARBLES group. Bayes theorem was
then used to update the probability of being in the at-risk
population (21).

Logistic regression was performed to determine the level of
association between autism risk status and total TIs/placenta,
controlling for fixation quality and duration. A mixed-effects
multinomial logistic regression model was used to assess
whether autism risk status was associated with the relative
timing of TI formation, as judged by the presence or absence
of calcification, while adjusting for fixation quality for individual
slides (up to four/placenta). The three-level categorical depend-
ent variable classified the slide as containing inclusions, calcified
inclusions, or no inclusions. Confidence intervals (CIs) for the
mixed-effects model were based on the robust sandwich cova-
riance estimator, with a small sample adjustment to ensure
accurate coverage (22).

Analyses were carried out with SAS (version 9.3; SAS Institute,
Cary, North Carolina) and R software (version 2.14.2; R Foundation
for Statistical Computing, Vienna, Austria).
www.sobp.org/journal
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Figure 1. Trophoblast inclusions (TIs) and calcified TIs (hematoxylin and eosin). Representative progression of TIs and calcified TIs identified in the
chorionic villi examined for this study. (A) Single TI with central syncytial trophoblast nuclei (arrow) and circumferential cytotrophoblast (arrow head).
Villus core (V) and intervillus space (I). (B) Multiple TIs in same field, some with clearly defined syncytiotrophoblast centers (long arrows) and surrounding
cytotrophoblasts (arrow heads) and others with poorly formed centers (short arrows), possibly due to tangential sectioning of the TIs. (C) A TI with dense
syncytial trophoblast core (arrow) surrounded by multiple cytotrophoblasts (arrow heads). (D) Very dense TI (arrow) with only a remnant of
cytotrophoblast (arrow head). This is the step just before a TI becoming calcified. Fetal vessel containing erythrocytes (R). (E) Central syncytiotrophoblast
core has become so dense that only a few nuclear profiles are recognizable (arrow), whereas the surrounding cytotrophoblasts have matured and have
begun to fuse and form another layer of syncytiotrophoblasts (arrow heads). Intervillus space (I). (F) A TI with obvious lines of calcification but a central
core with syncytiotrophoblast nuclei can still be identified (arrow). Cytotrophoblast remnant (arrow head). Fetal vessel containing erythrocytes (R). (G) A
TI with mostly calcified core (arrow), with a few residual syncytiotrophoblast nuclei (arrow head). (H) Almost completely calcified TI with loss of calcified
material likely secondary to histologic sectioning (arrow) but still with a few visible syncytiotrophoblast nuclei (arrow heads). Tangential section through a
more recently formed TI (*).
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Results

At-risk MARBLES placentas had up to 15 total TIs, whereas
control placentas had no more than two TIs, calcified TIs, or total
TIs, with 92% having zero or one total TI, which was considered
negative by our a priori criteria (Figure 2). The proportion of
positive MARBLES cases was significantly higher than that of the
control group (41% vs. 8%, odds ratio [OR]: 8.0, 95% CI: 3.6–18.0).
www.sobp.org/journal
The presence of two or more total TIs had a sensitivity of 41%
and specificity of 92% for identifying the at-risk MARBLES group.
Exploratory analyses were performed with various post hoc
definitions of a positive case (Table 1).

Because obstetrical characteristics differed between cases and
control subjects, we performed additional analyses to determine
the impact of these covariates on the core relationship between
TIs and ASD risk. First, there was no association among cases



Figure 2. Frequencies of total trophoblast inclusions (TIs) (A, C) and TIs (B, D) in the MARBLES (Markers of Autism Risk in Babies-Learning Early Signs)
(A, B) and control (C, D) placentas. There were always more TIs in the MARBLES placentas compared with the control subjects. There were no control
cases with 3 or more TIs, whereas there were 28 cases with three or more total TIs, and 1 case with a total of 15 TIs, from the MARBLES placentas.
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between TI status and pregnancy complications (preeclampsia,
gestational diabetes, or hypertension), either collectively (p ¼ 1.0)
or individually (preeclampsia: p ¼ .3; gestational diabetes: p ¼
.77; hypertension: p ¼ .4). Second, there was no correlation
between TI status among cases that delivered at �39 or $40
weeks (or cases where the gestational age at delivery was not
known) and the absence or presence of two or more total TIs
(p ¼ .83). Finally, when the frequency of two or more total TIs in
the control group was compared with the subset of MARBLES
cases that exactly matched the inclusion and exclusion criteria of
the control group, the association between TIs and ASD risk was
stronger than in the unrestricted analysis (50% vs. 8%; OR: 11.5,
95% CI: 4.0–33.0; p ¼ 4.9 � 10�6; sensitivity of 50% and
specificity of 92%, resulting in a positive likelihood ratio of 6.25,
95% CI: 2.9–13.5).

The rarity of TIs in the control group suggested that these
data might be best fit to a Poisson distribution. The mean
number of total TIs in the control group was calculated to be .4
TIs/case, which generated a Poisson distribution that showed a
very close fit to the control population (Figure 3A). However,
when the mean number of total TIs in the MARBLES population
(2.03 TIs/case) was used to estimate expected frequencies for
each value of TIs on the basis of the assumption of a Poisson
distribution, the fit was poor (Figure 3B), likely reflecting the
heterogeneous nature of the at-risk group. This was validated
when we successfully fit the MARBLES data to a mixture of two
Poisson distributions with distinct means (Figure 3C).

We were able to estimate, with the Poisson distribution for
the control placentas, the expected number of cases with total TI
cutoffs of three and four and compute specificities (Table 2).
These higher cutoffs yielded lower sensitivities to identify the at-
risk population but significantly higher specificities (99% and
99.9%) and positive likelihood ratios (30.2 and 242) for cutoffs of
three and four total TIs, respectively.
www.sobp.org/journal



Table 1. Frequencies and Statistics of TIs, Calcified TIs, and Total TIs in

MARBLES and Control Placentas

MARBLES

(High Risk)

Control

Subjects

M� M� C� C� Sens Spec pa OR

TIs cutoffb

1 or more 52 65 11 89 44 89 4 � 10�8 6.5

2 or more 30 87 2 98 26 98 4 � 10�7 16.9

Calc TIs cutoff

1 or more 55 62 24 76 47 76 .0006 2.8

2 or more 26 91 3 97 22 97 .00003 9.2

Total TIs cutoff

1 or more 77 40 32 68 66 68 8 � 10�7 4.1

2 or morec 48 69 8 92 41 92 2 � 10�8 8

C�, low-risk control subjects that are positive; C�, low-risk control
subjects that are negative; M�, positive MARBLES (Markers of Autism Risk
in Babies—Learning Early Signs) placentas; M�, negative MARBLES
placentas.

ap values calculated with two-tailed Fisher exact probability test.
bVarious cutoffs for trophoblast inclusions alone (TIs), calcified TIs

alone (Calc TIs), and TIs plus calcified TIs (Total TIs) were tested to

generate post hoc sensitivities (Sens), specificities (Spec), p values, and

odds ratios (ORs).
cOur a priori cutoff.
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In a logistic regression analysis controlling for quality and
duration of fixation, placentas from children with an older sibling
with ASD were at much higher risk of having two or more total
TIs compared with control placentas (adjusted odds ratio [aOR]:
10.37, 95% CI: 3.86–27.87). Although there were more poorly
fixed placentas in the control group (43%) compared with the
MARBLES group (2%), the frequency of two or more total
inclusions in the poorly fixed control placentas (4 of 43 ¼ 9%)
was similar to the frequency in the normally fixed control
placentas (4 of 57 ¼ 7%), confirming that inclusions could be
identified equally well in poorly versus normally fixed placentas.
In the multinomial logistic regression analysis assessing the
influence of TI age (adjusted for fixation quality), placentas from
the at-risk births had higher odds than those from the control
births for one or more calcified TIs (aOR: 5.58, 95% CI: 2.30–13.52)
and for one or more TIs (aOR: 3.81, 95% CI: 1.21–11.97).

Discussion

One in 88 children has ASD in the United States (1), under-
scoring the need to understand pathophysiologic mechanisms
and initiate primary and secondary prevention programs for this
growing population. Trophoblast inclusions, which are the result
Figure 3. (A) The frequencies of total trophoblast inclusions (TIs) in the
control placentas was very closely fit by a single Poisson distribution with
the sample mean of .4 TIs/case (w2

¼ .86, p ¼ .65, 2 degrees of freedom
with counts at and above two combined together). (B) The frequencies of
TIs in the MARBLES (Markers of Autism Risk in Babies-Learning Early Signs)
placentas did not fit a single Poisson distribution when using the sample
mean of 2.03 TIs/case (w2

¼ 71.4, p � .001, 5 degrees of freedom with
counts at and above five combined together). (C) When a two-compo-
nent mixture of Poisson distributions was fit (with mixing weights of .82
and .18 and means of .99 and 6.88 TIs/case for the two component
distributions, respectively) a much closer fit was achieved (w2

¼ 4.07,
p ¼ .25, 3 degrees of freedom with counts at and above five combined
together). All estimates were maximum likelihood.

www.sobp.org/journal
of an abnormal balance of placental cytotrophoblast proliferation
and differentiation (11,12), were five times more frequent among
MARBLES placentas than control placentas, suggesting a role for



Table 2. Total TI Frequencies in MARBLES Placentas Compared With Poisson Predicted Frequencies in Control Placentas

Total TIs Cutoff M� M� C� C� Sens Spec LR� LR� OR

1 77 40 32 68 66 68 2.1 .50 4.1

2 48 69 8 92 41 92 5.1 .64 8.0

3 28 89 0 (.8a) 100 (99.2a) 24 99 30.2 .77 39

4 22 95 0 (.08a) 100 (99.9a) 19 99.9 242 .81 290

LR�, the positive likelihood ratio; LR�, the negative likelihood ratio; other abbreviations as in Table 1.
aFrequencies of TIs in parentheses were estimated from the Poisson distribution of the control placentas (Figure 3A).
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increased cellular proliferation during fetal life that could result in
neurodevelopmental changes. Furthermore, the finding of an
increase in both TIs and calcified TIs—which form months before
delivery—suggests that at-risk pregnancies are likely influenced
by factors that foster TI development throughout gestation. It is
important to restate that this study associated TIs with risk for
ASD rather than ASD itself. Furthermore, TI presence was not
found to be better than family history, and our study was
not designed to address families without a prior affected child.
However, our previous retrospective study showed a significantly
greater frequency of TIs in placentas from validated ASD children
compared with control subjects (18). Taken together with our
previous work, our current findings open the door to potential
primary prevention mechanisms perhaps aimed at maternal
metabolic and dietary factors, should such mechanisms be
further elucidated. More importantly, the finding that four or
more total TIs in a four-slide review of placental histology
accurately predicts children at increased risk for ASD with a
specificity of 99.9% provides a simple test available at birth that
could allow for identification of these at-risk children and
implementation of targeted early interventions to maximize
functional outcomes.

Currently, children who develop ASD are not identifiable in
utero or early in infancy but instead manifest a progressive and
changing constellation of signs and symptoms with variable
patterns of onset that by age 3 years meet ASD criteria on the
basis of DSM or ICD codes. Heterogeneity in onset patterns,
behaviors, and cognitive abilities complicates the search for
consistent and reliable prodromal signs (23,24). Presently, the
best early marker of ASD risk is family history, with the recurrence
rate for couples with one or more affected children recently
ascertained prospectively to be 18.7% (5). Higher risk was
established for two subgroups, with male infants having nearly
a threefold increased chance of developing ASD and children
with multiple older affected siblings having an additional two
fold risk amplification. Families with a hereditary predisposition
for ASD can consider various options when completing their
families, including carefully monitoring at-risk subsequent chil-
dren and employing early intervention strategies to maximize
outcomes. Regrettably, couples without known genetic suscept-
ibility must rely on identification of prodromal preclinical signs or
indicators that might not manifest until the second or third year
of life of the child. Practice guidelines from the American
Academy of Pediatrics recommend that all children undergo
screening for autism at 18 months of age (25), by which time a
considerable amount of neurological plasticity and opportunities
for intervention to maximize outcome has been lost.

The primary motivation for identifying enhanced risk and early
signs of ASD emanate from the wish to employ interventions that
might change the course of the emerging developmental abnor-
mality (26,27). Early enthusiasm for behavioral interventions in
children with ASD intensified after a small nonrandomized
treatment trial reported that 47% of those who received rigorous
intervention achieved normal educational and intellectual func-
tioning in comparison with 2% in the control group (28).
Methodological concerns hampered the interpretation of many
subsequent studies of early intensive behavioral intervention
variations, with improvements in cognitive performance, lan-
guage skills, and adaptive behavior skills observed in some young
children with ASD (29,30). Recent evidence from a randomized
controlled trial in the greater Seattle area reported that compre-
hensive early intervention for toddlers with ASD resulted in
substantial gains in cognitive and adaptive behavior and reduced
severity of ASD diagnosis (26).

Our initial 2007 retrospective study demonstrating an associ-
ation of ASD with an increased frequency of placental TIs held out
the potential for an ASD diagnosis at the time of birth (18).
Findings from our current blinded prospective study validate
these earlier results, although the prediction in this case relates to
risk for ASD rather than the actual diagnosis of ASD. Once all the
children in our MARBLES group are given final diagnoses, we will
be able to compare TI frequency with specific neurodevelopmen-
tal outcomes. Nevertheless, our current study did demonstrate
that even with as few as four total TIs a clinically strong positive
likelihood ratio of 242 for ASD risk is calculated (Table 2). If we
conservatively assume, for example, that the pretest probability of
being in the at-risk group equals the ASD prevalence of 1.1% (1 of
88 or odds of 1:87), the posttest probability of being in the ASD
at-risk population is effectively increased to 74% (posttest odds ¼
pretest odds � likelihood ratio [1:87 � 242 ¼ 242:87], which
corresponds to a posttest probability of 242/[242�87] ¼ .74) (21).

The association of increased TIs in the placentas of ASD (18)
and at-risk newborns suggests a possible common abnormality
that is manifested by increased cellular growth and tissue folding
in both the placentas (18) and brains of these children (31,32).
In children with ASD, the finding of early enhanced brain growth
is demonstrated by a steeper than average trajectory in head
circumference enlargement during the first year of life (33,34),
which might reflect augmented generalized growth processes
(35). In addition to increased global growth, there also is clear
evidence for abnormal brain folding in ASD, both at the macro-
scopic (31,36,37) and microscopic levels (32).

Our results suggest that examination of the genes, metabolic,
and developmental pathways that regulate cell proliferation,
tissue folding, and branching morphogenesis might be fruitful
lines to investigate potential etiologic factors for ASD (38–41).
Correlating known causes for tissue dysmorphisms, either secon-
dary to endogenous (genetic) (42) or exogenous (environmental
or maternal pregnancy related) (43,44) developmental regulators,
might be a good starting point for such studies.

For example, abnormal folding in fetal tissues might reflect
alterations in the neurohormone serotonin (5-hydroxytryptamine
[5-HT]), which has been implicated in autism etiology (45) and
targeted in therapeutic strategies (46). Increased circulating 5-HT
www.sobp.org/journal
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levels have been identified in approximately 30% of subjects with
ASD (45,47) and are associated with repetitive behaviors (48).
Linkage studies among individuals with ASD have focused on the
17q11.2 region containing SLC6A4 (49,50) and identified five rare
coding variants that seem to confer increased 5-HT transport in
multiplex families (51,52). The most common of these variants,
Ala56, is associated with both rigid-compulsive behavior and
sensory aversion (50,53). Studies in transgenic mice confirm that
5-HT transport variant Ala56 causes hyperserotonemia as well as
alterations in social function, communication, and repetitive
behavior (54). Coupling these findings back to our study, 5-HT
has been shown to be synthesized in the placenta from a
maternal tryptophan precursor (55) and to exert a potent
mitogenic effect on trophoblasts in the placenta (56). Thus,
because increased cytotrophoblast proliferation is likely the key
etiology for TI formation (11,19), increased exposure to 5-HT
might be involved in cytotrophoblast proliferation in at-risk
placentas. Epidemiologic evidence supports these basic science
findings. For example, increased placental 5-HT production (57)
or exaggeration of placental 5-HT concentrations as the result of
maternal use of selective serotonin reuptake inhibitors (58) can
alter subtle facets of cortical cell proliferation, migration, and
circuit wiring (59). This, together with evidence for a potential
role of the functional monoamine oxidase A promoter alleles in
ASD (60), suggests a direct role for placental metabolic pathways
in modulating fetal brain development and an important func-
tion for maternal-placental-fetal interactions and 5-HT in the fetal
programming of neurodevelopmental disorders.

We have identified a marker of abnormal trophoblast pro-
liferation that results in easily identifiable placental TIs, which
might be useful to identify newborns who are at risk for ASD.
Identification of these children might facilitate very early inter-
ventions and improved developmental outcomes at a time when
the brain is most responsive to modification. Furthermore, once
large cohorts of these infants are identified, improved early
diagnostic tools can be developed and tested to hone our ability
to further identify which of these at-risk children will go on to
develop ASD and/or other developmental abnormalities.
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