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Annual Report Year #1
September 13, 2011

Program Project Title:

Characterization of the Placental Vascular Tree as a Biomarker of Autism/ASD Risk

Program Project PI: Carolyn M. Salafia MD, MS

INTRODUCTION

The overall aim of this multidisciplinary program project is to determine the correl ation between patterns of
placental branching growth at all levels of the placental vascular tree with diagnosis of autism/ASD as
compared to diagnoses of special education needs (SEN) and “normal” outcomes, and to develop arisk
assessment tool built on measures of placenta shape and structure that can be performed on all infants at birth
to improve identification of children who are at increased risk of autism/ASD for their early screening and
diagnosis.

In this project we will measure the branching of larger blood vessels on the surface of the placenta (2D), the
placental shape (that contains the placental vascular fractal), and the branching structure of the fine vessels of
the thickness of the placenta (3D), and analyze the maternal medical and gestational factors that may have led
to differences observed between the autism/ASD group, a group of children with other special educational
needs and healthy control children.

The placental examination and dissection, and the subprojects will be drawn from a nested case control study
of the placental archive of the Avon Longitudinal Study of Parents and Children (ALSPAC). The proposed
case group included all 56 children in the cohort with archived placentas who have been diagnosed with
autism/ASD. Two control groups of children were avail able from the same cohort, one with special education
needs (SEN) but not adiagnosis of autism/ASD, and one with no diagnoses related to neurodevel opmental
pathology, at a 3:1 ratio to cases.

Our findings thus far include:

1. There was astatistically significant reduction in placental weight (~100 g) for female autism/ASD
cases compared to female normal controls. Thereisalso asignificant difference in beta, a
measure of the integrity of the placental vascular fractal in autism/ASD cases compared to female
normal controls. ). By contrast, 3 did differ by gestational age in boys. Gestational age may act
through changes in beta to influence autism/ASD risk. These observations are independent of any
effect of gestational age.

2. Analyses of the 2D images show that umbilical cord marginality - defined either by the first
Fourier coefficient or more directly as the distance from the cord insertion to the disk edge -
differs significantly between autism/ASD cases and the University of North Carolina Pregnancy,
Infection and Nutrition Study (UNC PIN) birth cohort.

These support our hypothesis that placental growth patterns are atered in autism/ASD and will focus our
analyses next year to determine the optimal measurement tools for autism/ASD risk assessment in the
delivered placenta.



BODY

AutisnVASD reflects a range of disordered and impaired brain development which leads to a lifelong course
of behavioral and cognitive abnormalities. Diagnosis cannot formally be made prior to age two and this point
thereis a lack of behavioral and biologic markers that we can useto predict its onset. Early predictors could
lead to early interventions which might significantly improve the lives of those affected. We intend to use the
fact that the same biochemistry that controls the branching of nerves also controls branching of blood vessels.
Unlike the nerve networks in the living human brain, the branching of the blood vesselsin a child’ s placenta
(that is generally discarded after birth without any examination) can be photographed and dissected. Our
methods have expressly focused on capture of potentially key placental vascular features using equipment and
procedures that could be performed at any hospital delivering a baby in the US. Thus, if successful, our work
could lead to the routine examinations of placentas at birth to provide a noninvasive newborn screening test
to identify children at high risk for developing autisSm/ASD.

In this project we will measure the branching of larger blood vessels on the surface of the placenta (2D), the
placental shape (that contains the placental vascular fractal), and the branching structure of the fine vessels
of the thickness of the placenta (3D), and analyze the maternal medical and gestational factorsthat may have
led to differences observed between the autismVASD group, a group of children with other special educational
needs and healthy control children. We have developed and will apply new tools to analyze digital images of
placental blood vessel branching, and the mathematics required to analyze the complex patterns of this
placental branching architecture. In addition to its use as a biomarker, the application of these techniques has
the potential to both clarify the pathol ogic anatomy of autisnVASD, and to determine when during pregnancy
autism/ASD might have devel oped.

Any model generated in a single population will require validation prior to its general usein public health
screening. Collection of a new cohort, and confirmation of positive results from this study have generated
preliminary data in families with an autistic child (in placentas of subsequently delivered infants who will
begin to be able to be eval uated for autism within the next 6 months. Thus this research isbeing appliedin
current studies of high-autismrisk siblings ( E.A.R.L.1., PI: Craig Newschaffer, PhD) and M.A.RB.L.E.S (PI:
Cheryl Walker, MD) networks, and shows early promise of being able to rapidly contribute to our

under standing of likely pathways of disordered neurodevel opment in this highly heterogeneous spectrum of
autism/ASD.

Task: Placental processing: P.I.: Carolyn M Salafia, MD, NYSInstitute for Basic Researchin
Developmental Disabilities (IBR), 1050 Forest Hill Road, Staten Island, NY, 10314. Co-Investigators. Dr
Craig Charles Platt, Consultant Perinatal Pathologist and Ms Roisin Armstrong University Hospitals
Bristol NHS Foundation Trust and Professor Jean Golding, Sue Ring, PhD, Mr Colin Seer, Ms Amanda
Carmichael, ALSPAC, University of Bristol, Bristol, UK (no animal or human use at any of the above
addresses except for use of archived anonymized placental specimens only at ALSPAC).

The specified placentas will be photographed and grossly processed according to protocols that Dr.
Salafia previously implemented successfully in a birth cohort, and upon which placental protocols for the
U.S National Children’s Study are based. These protocolswill yield chorionic surface photographs that
image the 2-D chorionic surface vascular tree, and serially blocked regions of the placental parenchyma
fromwhich serial sections of histologic dides can be digitized to reconstruct the 3-D (finer) chorionic
vascular branched tree.

Timeline: The 392 placentas will be fully examined, dissected and tissues processed in the first 3 months
of Year 1.

Status: The placental sample size now totals 53 autism/ASD cases, 145 non-ASD/non-SEN controls, and
150 SEN contrals. The reasons for the sample size change from the origina proposal is 3(~5%) of the
mothers with children subsequently diagnosed with autism/ASD had not given consent for the placentas
to be part of subsequent research protocols. A higher percentage of the SEN controls (~ 10%) and
normal (non-ASD/non-SEN) controls (~13%) and had also not provided consent. Thus atotal of 53 cases



plus 18 special education needs controls matched controls and 23 non-ASD/ non-SEN controls were also
not included in the sample of placentas for analysis.

The protocol included obtaining the following to measure placental shape and structure:
1. 3D scans of the whole placenta.
2. 2D photographs of fetal surface and the sliced placental disk.
3. Histology samples of umbilical cord, extraplacental membranes and placental villous
parenchyma.

To date, the placental materialsinclude:
Total # of cases: 371
Total # of cases received 3D scans from: 261 (70%)
Total # of cases received fetal surface photos from: 290 (78%)
Total # of cases received materna surface photos from: 290 (78%)
Total # of cases received dice photos from: 130 (35%)
Total # of cases received deformed due to fixation and storage: 333 (90%)
Total # of cases received that were not deformed due to fixation and storage: 38 (10%)
Total # of cases received without photographs: 16 (4%)
Total # of casesthat arrived aready cut (sliced/in pieces/bisected) and were photographed: 66 (18%)
Total # of cases received blocks from: 361 (97%)
Tota # of blocks: 1,534

Of the total sample, 3D scans of the whole placenta have been obtained on 261 (70%). Of those for which
scans were not obtained the reasons were as follows:

e 66 (60%) placentas previoudly dissected

o 28 (25%) placental deformation precluded scanning

o 16(15%) Other reasons: Cases received without photographs

Of the total sample, 2D digital photographs of the fetal and maternal surface have been obtained on 290
(78%). Of those for which fetal and maternal surface digital photographs were not obtained the reasons
were as follows:

* 66 (81%) placentas previoudly dissected

o 15(19%) Other reasons: Cases received without photographs.

We anticipate the receipt of all study materials by the end of 2011.

Of note, the Pl has also received 82 cases from the autism/ASD family study that is the EARLI network
of Drs. Craig Newschaffer and Cheryl Walker. These cases represent placentas of infants born into
families with an older sibling already diagnosed with autism/ASD. While these infants have of course not
been diagnosed with autism/ASD, they do reflect the placenta arborisation of familiesin which a
tendency to the neuropathology that resultsin a diagnosis of autism/ASD has been made. As the oldest of
these infants was born in late 2009, we anticipate that these children will begin to undergo tests germane
to diagnoses of autism/ASD during the second year of this Innovative Idea Award and thus their

placental samples can inform and extend the analyses of our principal ALSPAC cohort. Furthermore,
these children have undergone extensive devel opmental testing at 6 and 12 months and so continuous
measures of autism characteristics and precursors might also be examined prior to identification of cases.

To date, the placental materials from the autism/ASD family study of EARLI include:
Total # of EARLI cases. 82
Total # of casesreceived 3D scans from: 61 (74%)
Total # of cases received fetal surface photos from: 74 (90%)
Total # of cases received materna surface photos from: 67 (82%)



Total # of cases received slice photos from: 74 (90%)
Total # of cases received blocks from: 66 (80%)
Total # of blocks: 601

Preliminary analyses from both these cohorts are presented below as appropriate.

SUBPROJECT 1: ANALYSISOF 2-D CHORIONIC SURFACE VASCULATURE

P.l.: Carolyn M Salafia, MD, Institute for Basic Research (IBR), 1050 Forest Hill Road, Saten Island,
NY, 10314.

Co-Investigators. Michael Yampolsky, PhD, Department of Mathematics, University of Toronto, 105
George S, Toronto, ON M5A 2N4, Canada; Dawn P. Misra, PhD, Wayne Sate University, 3939 Woodward
Avenue, Detroit, MI, 48201; Richard K. Miller, PhD, Department of Obstetrics and Gynecology,
University of Rochester Medical Center (URMC), 601 Elmwood Avenue, Room 7-7550, Rochester, NY,
14642. (Note that there is use at any of the above addresses; use of archived anonymized digitized files

only).

The chorionic surface vascular tree (laid down early in gestation, consistent with critical exposures
periods for valproate and thalidomide on autisnVASD risk) will be extracted from the digital photographs
of the chorionic surface.

Status: Our original studies of the chorionic vasculature that laid the groundwork for the present proposal
and methods involved the extraction of chorionic plate vasculature from 2D digital photographs of the
fetal surface of the placenta. The chorionic plate digital photographs were obtained by well trained
professionalsin the University of Bristol Department of Pathology. Asthey were received by the Pl, the
chorionic plate digital photographs were screened for their suitability for chorionic plate analysis. Of 290
(78%) of placentas for which fetal chorionic plate photographs were obtained, 252 (87%) were deformed
by fixation to a degree that precluded the extraction of physically meaningful measures of basic placental
gross features such as chorionic plate perimeter, site of cord insertion relative to the chorionic plate edge,
and chorionic plate vasculature. Therefore we have had to focus on extraction of these data from the 3D
scans. After creating a 3D rendition of the placentas (a mesh), extraction of data requires gap filling in the
mesh to create a closed solid from which volume and dice data can be extracted, and chorionic plate surface
vessels are better perceived. We have devel oped improved methods for mesh rendering that have reduced
analysistime and yielded improved reconstructions from which more and more precise shape and vascular
structure data can be extracted.

A smoothed 3D placenta surface

3D Placenta Surface




The thickness of the placenta, computed from the 3D surface. Notice that the thickness varies over space. The
average thickness is 2.46cm and the standard deviation is 1.15¢cm.
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Our protocol planned for the 2-D chorionic surface vascular trees to be transformed in a series of 2-D
coordinates that represent points sampled along arbors (or paths) of chorionic vessels with the branching
information. This skeletonization has already been accomplished, with the processing of those networks
into a series of 2-D coordinates that represent points sampled aong arbors (or paths) of chorionic vessels
with the branching information. . The graph of a placenta's chorionic vasculature is obtained by computer
analysis of an annotated image which determines the graph nodes from the labeled branch points and the
graph edges based from the connecting vessel tracing lines. The result is a graph of the chorionic vasculature
in an amenable format for further analysis, including vascular diameters, mean distances between branches
which reflect cell division rates intervening between genetic triggering of vascular branching, etc. In
addition, this allows more straightforward analysis of aspects of the branched networks of the chorionic
vascular trees such as aspects of graph connectivity. (See Appendix for an example of amanually
extracted vascular tree from a sample ALSPAC digital image of the fetal chorionic disk and for an
example of itsanalysis and the resultant output skeletonization).

The resultant network can be analyzed as a structure the growth of which involved energy and entropy at
specific different points along its evolution. An example of the thermodynamic entropy associated with
different real placental treesis shown in the Appendix, with additional details regarding the physics.



Analysis of placental weight and beta, a measure of placental fractal growth

In alarge population based birth cohort [1], we have previously established that human birth weight does
not scale linearly with the weight of the placenta, but exhibits allometric scaling of % power (afractal
dimension) consistent with \ Kleiber's Law for the basal metabolic rate. Allometric metabolic scaling [2]
was first conjectured in the 1930s and has proved to be remarkably constant for a wide range of
organisms from the smallest microbes (~10" g) to the largest vertebrates and plants (~10°g), [3]
Placental branched growth is essentially fractal [4]. Using the Collaborative Perinatal Project, among
women delivering after 34 weeks but prior to 43 weeks' gestation and with compl ete data for placental
gross proportion measures (24,601 participants), the allometric metabolic equation was solved for § and
B in regression of the dependence of placental weight on birth weight. Mean 3 was 0.78+0.02 (range
0.66, 0.89), consistent with the 0.75 predicted by Kleiber’s Law. In the context of our dynamica model
of placental vascular growth [4], B relates the spatial shape of the placenta with the structure of the
underlying vascular fractal. This dynamical empiric model recapitulates many of the known variant
placental shapes (bilobate, multilobate, irregular or **scalloped’’) by a change of the fractal structure of
the vasculature at a specific time instance. We have subsequently shown that deviations from space-
filling symmetric fractal vascular growth are associated with histologically diagnosed vascular pathology
and reduced placental vascular efficiency, that is, a smaller birth weight than predicted by the allometric
scaling for the given placental weight [5] These findings are consistent with a connection between the
allometric fetoplacental scaling and the fractal structure of the vascular supply system.

We have been able to analyse beta[], in the ALSPAC group. As afirst analysis, placental weight was
compared in autism/ASD cases and controls. We found statistically significant differences overall in
placental weight for cases of autism compared to normal controls only after stratifying on sex.

There was a statistically significant reduction in placental weight (~100 g) for femal e autism cases
compared to female normal controls. Thisistrue for the overall sample of females as well aswhen
restricting the sample to children born at term gestation or adjusting for gestational age. Thiswas not the
result of outliersin either distribution. We did not find similar effectsin males. While males represent
the vast majority of autism cases, it appears that there may be differences within autism by sex.

The influence of gestational age on placental weight also appearsto differ by sex. In multiple linear
regression analyses predicting placental weight by case/control status and gestational age, we also saw
that gestational age had a strong effect on placental weight for males but not for females.

There was no statistically significant differencein the larger placental dimension, smaller placental
dimension, or in placental depth for autism cases compared to normal controls among males or females.
However, the estimated difference among the girls was generally much larger than among the boys when
comparing autism cases to controls. The difference in smaller placental dimension for autistic girls
compared to normal control girls was the closest to being of statistical significance (-1.41 centimeters,
p=0.08).

Based on these placental differences between males and females with diagnoses of autism/ASD, beta

(B), ameasure of placental functional efficiency calculated as log placental weight/log birth weight, was
calculated for the ALSPAC cohort. Beta did not differ between boys with autism/ASD (0.755+0.0239)
and those without such adiagnosis (0.753+0.0202). However, 3 did differ between girlswith
autism/ASD (0.733+0.0354) and those without such a diagnosis (0.760+0.0161, P=0.001). By contrast, 3
did differ by gestational age in boys (point estimate of effect=-0.002, p=0.009). The association of altered
[ in girls with autism/ASD persisted after adjustment for gestational age (point estimate of effect of
autism/ASD “case” status=0.03, p=0.01), and there was no independent effect of gestational age on 3 in
girls (p=0.53).



Mean + sd
Difference
(autismvs. val
Autism cases Normal controls normal) pvalue
Placental weight (g)
Overall 469.22 + 112.42 | 478.09 + 100.39 -8.87 0.59
Males

Unadjusted 480.52 + 103.9 | 475.52 +£101.20 +4.99 0.77

Adjusted for gestational age +3.86 0.81

Term (>37 weeks gestation) +0.92 0.96

Females

Unadjusted* 395.00 + 145.23 | 495.10 £ 95.40 -100.10 0.045

Adjusted for gestational age* -99.62 0.050

Term (>37 weeks gestation)* -100.10 0.045

Larger placental dimension (cm)

Overall 18.20+ 3.19 18.75+ 2.15 -0.55 0.26
Males 18.28 + 3.00 18.80 + 2.26 -0.52 0.29
Females 17.71+ 451 18.45+1.35 -0.74 0.59

Smaller placental dimension (cm)
Overall 16.51+ 2.48 16.85+ 1.93 -0.34 0.32
Males 16.74 + 2.50 16.92 +1.97 -0.18 0.63
Females 15.04 + 1.88 16.45+ 1.70 -1.41 0.08
Placental functional efficiency ()
Overall 0.7516+0.026 0.7539+0.019 -0.0023 0.56
Males
Unadjusted 0.7545+0.024 0.7530+0.023 +0.0016 0.67
Adjusted for gestational age +0.002 0.62
Females
Unadjusted** -0.0270 0.009
Adjusted for gestational age** 0.7333+0.035 0.7604+0.016 -0.0270 0.010

Analysis of placental shape and cord insertion in arelated cohort of familial autism, the EARLI

cohort

We have also been able to utilize the EARLI placental materialsin pilot analysis that will guide our
analysisin the ALSPAC cohort. While some of the EARLI placentas shipped to the Pl have been folded
or become deformed in transport, we have 53 well preserved digital photographs of the fetal surface and
51 digital photographs of the sliced placental disk. These placentas have been processed identically to the
University of North Carolina Pregnancy, Infection and Nutrition Study, extensively analysed by the PI 1,
2, 3,5, 6] and are treated here as the reference group for the EARLI placentas.

In brief, umbilical cord marginality defined either by the first Fourier coefficient or more directly asthe
distance from the cord insertion to the disk edge differs significantly between autism/ASD cases and the
UNC PIN birth cohort. Cord displacement is calculated as the displacement from the center of the area of
the chorionic plate shape [7]; this displacement is greater in autism/ASD cases, meaning that cords are
displaced closer to the placental chorionic disk margin. In addition, the disks of autism/ASD cases are
less round, more irregular in perimeter, with significantly larger values of sigmaand symmetric
difference, measures of placental roundness, in autism/ASD cases (each p<0.0001). Disk thicknessin
autism/ASD was also significantly less (p<0.0001) as was the linear deviation from the average width (a
measure of thickness variability, [2]). This finding was independent on the length of the dlice (diameter
of placental disk).



Mean * sd
Difference o-

UNC EARLI (UNCvs. BARLD) |\ e
Fourier 1 3.231+1.817 4.069+2.345 -.838 .015
Displacement 3.455+1.911 4.228+2.515 -773 .040
Diplacement/Diameter .164+.091 .204+.122 -.040 .029
Sigma 1.106+.492 3.104+1.696 -1.998 .000
Symmetric Difference 138.815+67.609 3519.491+12086.36 -220.676 .000
Average (Avg.) Width 2.076+.382 1.853+.366 .223 .000
Linear Deviation from Avg. .340+.111 .368+.148 -.028 .000
Width
Linear Deviation from Avg. .020+.007 .019+.008 .001 .005
Width Relative/L ength
Average Width/Length .125+.029 .100+.035 .025 110

Timeline: The final ALSPAC 3D scans and 2D digital photographs have been received within the last
week. We will make rapid progress in these analyses since we have streamlined the programming that
will not only increase efficiency but also improve precision.

Accomplishments for this Subproject

1. Analysis of the 2D digital image and 3D scan data, and the cohort medical data provided by ALSPAC has
been implemented in this cohort. |mprovements to image analysis a gorithms have reduced analysis time and
increased extractable data, and the precision of such data..

2. Additional autism/ASD cases from the EARLI project have been incorporated into this project at no
additional cost.

SUBPROJECT 2: 3-D RECONSTRUCTION OF PLACENTAL VOLUME AS A PROXY FOR THE
SHAPE OF THE CHORIONIC VASCULAR TREE

3D reconstructions of placental volume as a proxy for the shape of the chorionic vascular tree
Placental shapes, as captured in surface and slice images in the form of 3-D coordinate data, are created
by rotating and translating the hand-traced 2D contours coordinates. Geometric descriptorswill be
easi|y extracted from the reconstructed shapes, such as surface area, volume, mean curvature, total
curvature, shape moments, deviation from an average-shaped placenta, etc. These values will then be
used in a classification approach, finding signatures for normal or abnormally shaped placentas, and to
link these with our outcomes.

Chang [ 8] showed that 2D shape information of the placenta is meaningful for health prediction: "initial
findings indicate significant relationships between shape of the placental surface and newborn's birth weight
aswell astheir gestational age." Therefore, since 3D shape information is a superset of what is availablein
2D, one would expect that health prediction based on 3D shape information would be even better, and is
certainly merits investigation.

3-D reconstructions of finer placental branching vasculature Sets of blocks obtained from placental
parenchyma centered on a diving chorionic placental vessel will be serially sectioned as follows: Sides
1-3 H&E, 4-5 retained for possible future immmunohistochemistry (IHC) stains, 6-8 stained with H&E,
9-10 retained unstained, etc.

1. Thestained dideswill be digitized and the series registered using standard registration techniques.
Snce villous branching is driven by vascular branching in the fetal systems, we need only to register
the (larger) villus, simplifying the task of registration.



2. Theregistered 3-D structure will be pruned of the terminal villi, development of which is by simple
capillary extension and therefore do not reflect the mechanism of growth we are targeting. This
radically smplifies the fine chorionic vascular tree.

3. These 3-D networks will be transformed and analyzed asin Subproject 1, above.

Status: We have explored many methods for color image segmentation. This problemis difficult for several
reasons.

color variation from uneven staining prevents a simple uniform threshold

aging of stain makes the color different, require adaptive strategy

thin tissue causes nearly transparent color

thick tissue cause dark color and out of focus

The basic principle that we use for segmentation is that the slide background is white. Thus an approach isto
determine for every pixel ascalar quantity describing how white that pixel is, and then comparing this
guantity to athreshold. The details then are in how to compute the scalar quantity and how to set the
threshold. For different applications and purposes, we adapt suitable thresholds and quantity for the specific
characteristics, for example, the non-white staining cells in muscle tissue and Wharton's jelly appear different.

We have considered a number of mathematical methods for tissue/background segmentation:

1. Threshold on statistics of different color channels (RGB to Lab)
To adapt to color variations in stain, we set the threshold in a data-dependent manner. We have investigated
segmentation schemes where the threshold is set according to statistics of the red, green and blue color
channels (aswell as statistics of color components in other color representations, such as hue, saturation, and
value).

2. K-mean clustering of the colors

K-meansis a generic method for clustering. To apply it, we first pick references for the colors that we wish to
distinguish (red tissue, blue nuclei, and white background), then we categorize every pixel in the image into
one color based on the nearest neighbor distance. By iterating the referencesin every loop, we get better
cluster centersfor red, blue and white. Asaresult, comparing all the pixelsto them, we can mark all the
pixelsto the correct color.

3. C-means (fuzzy K-means)

Fuzzy logic is very useful in our applications. Due to the natural overlap in tissue and cell aswell as artifacts
introduced by sampling and digitization, color does not appear clean, especialy at the boundary of cells. To
overcome this problem, we apply the fuzzy logic theory, in which give freedom to ambiguity pixels freedom
to bered or blue or both. Aslong as the mgjority of color segmentation is correct, the application of fuzzy
logic in our method can prevent the few strange pixels from compromising the accuracy of the segmentation.
4. One-dimensional colormap created by neural network optimization

In [9], the authors propose a method to normalize colors by building a color map that is adapted to the image,
akind of neural network called a self- organizing map (SOM). A SOM network is effectively akind of
regression: under a smoothness condition, it finds the best curve that fits the input data. Here, the datais the
set of color pixels of theimage. In our example, a colormap is found using the SOM method. Theimageis
then converted to an indexed image by assigning each pixel the closest color in the SOM colormap. We can
segment the image by simple thresholding applied to the indices. See the Appendix for an example of an
image segmented into nuclel (blue), tissue (red), and gap (white).

5. Looking at morphologica connectivity of segments

For specific cell type detection, first a color-based segmentation strategy can separate blue and red, whichisa
way to separate the cells and background. However, two types of cells may have nuclei that appear blue and
resemblein around shape too. This mean that any local color based method cannot work effectively here to
distinguish them.

However, none of the above methods have demonstrated the ability to retain the “meaning” of the
segmented object as our initial work with Definiens (2008). Thiswork is the basis for our present
approach. Seven “gold standard” hematoxylin and eosin stained samples of placenta villous branching
morphogenesis types provided by Dr. Peter Kaufmann, renowned placental morphologist. 80 variables
were analyzed and reduced to 9 factors using principal components factor analysis (PCA). The 6
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paradigm patterns of abnormal placental villous branching were distinguishable from “term normal” by >
1 factors, suggesting our approach was tenable. Beyond simply segmenting the image, we attempt to
determine the higher-level "meaning” of the segmented objects from its morphological descriptors of the
component shape (e.g., ared) and statistics of the image within the component (e.g., average red intensity).
However, we have not been as successful in this aspect asin our initial work with Definiens.

Raw and segmented images




Table of correlations of factor
scores with birthweight,
gestational age and placental

weight.
Bith | Gestational
weight age
Factor 1 L 013 087
LN YT LS
Factor 2 Rl 217¢ | .148()
P 001 .020
LEactara AR VT, YPPYSE SV L. PP S
Puale | oo 016
Factor 4 Rl .o03 -.007
Pvalue ﬁ ﬁ
Factor § Rl ot -053
Pue | Ng NS
Factor & Rl -o082 -115
Puabe | NS 072
Fasior f| -1es¢) | w082
Fuate ! 009 NS
Factor 8 Bl oae7() | -136()
Pule | opg 033
Factor 9 R 044 008
Palue NS NS
Factor 10 L 028 022
o] NS NS
Factor 11 Rl ges A40()
Pule | Ng .028
Factor 12 Rl .o03 .088 -188(")
Pule | Ng NS 003
Factor 13 Rl .138() 064 .232(*)
Pule | 030 314 000
Factor 14 R 17 040 -124
Puslie | 066 NS 052
Factor 15 Rl o34 -.068 A31()
Pule | Ns NS 040
Factor 16 Rl o9 083 -.052
Py NS NS NS Factor 5: u(+)n
‘* Correlationis significantatthe 0.01 level (2-tailed).

* Correlation is significantatthe 0.05 level (2-tailed).
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Factors are mathematical constructs that are difficult to characterize on inspection of the factor loadings
of the individua histology item measures. Thefirst 5 factors accounted for 67% of the total data
variance. We cal cul ated factors scores for each case, and selected photomicrographs from cases with
extreme low (“negative”) and high (“positive”) factor scores. However, histologically, factors appear to
mark visually distinct patterns of villous sizes, stroma composition, trophoblast features and capillary
architecture.

Component Initial Eigenvalues
Total % of Variance Cumulative %

Factor 1 40.584 36.56 36.56
Factor 2 11.518 10.38 46.94
Factor 3 9.296 8.38 55.31
Factor 4 7.386 6.65 61.97
Factor 5 4,954 4.46 66.43
Factor 6 4.293 3.87 70.30
Factor 7 3.601 324 73.54
Factor 8 3.190 2.87 76.42
Factor 9 2.700 2.43 78.85
Factor 10 1.841 1.66 80.51
Factor 11 1.709 1.54 82.05
Factor 12 1.551 1.40 83.45
Factor 13 1.457 131 84.76
Factor 14 1.251 1.13 85.89
Factor 15 1.172 1.06 86.94
Factor 16 1.114 1.00 87.95
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SUBPROJECT 3: EPIDEMIOLOGY OF GESTATIONAL MODIFIERS OF PLACENTAL
VASCULAR STRUCTURE AND ASD RISK

P.I: W. Ted Brown, MD, PhD, IBR; Co-Investigators: Carolyn M Salafia, MD, IBR; Eric London, MD,
IBR; Dawn P. Misra, PhD, Department of Family Medicine and Public Health Services, Wayne Sate
University School of Medicine, 101 E. Alexandrine, Room#203, Detroit, MI, 48201 (no animal or human
use at any of the above addresses; use of archived anonymized data only).

ThisisaYear 2 operation.
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KEY RESEACH ACCOMPLISHMENTS

This project has been proceeding well. The acquisition of images from placentas preserved in the ALSPAC
archive has been completed. Images and data from the EARLI project have been incorporated into this project
and have informed both the analytical techniques as well as the understanding of the results of this project. We
have been able to utilize the EARLI placental materiasin pilot analysis that will guide our analysisin the
ALSPAC cohort. What we glean from these analyses are also being applied to the National Children's Study
to further improve that study’ s effectiveness, and the power of a predictive tool for autism/ASD risk
assessment from placental measures.

The analyses of 2D and 3D images from this project are in process. We have identified and resolved a
number of issues regarding algorithm programming. |mprovements in the image analysis agorithms are
speeding the image processing rate.

1. The 371 placentas from the ALSPAC archive have been selected, photographed, scanned using the 3D
scanner, and dissected per the project schedule.

2. Analysis of the 2D and 3D digital image data and the cohort data provided by ALSPAC has been
implemented successfully. Improvements to the image analysis a gorithms have reduced analysis time.

3. Additional autism/ASD cases from the EARLI project have been incorporated into this project at no
additional cost.
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REPORTABLE OUTCOMES

An abstract of these resultsis being prepared for presentation at the Society for Gynecological
Investigation (SGI) meeting in March 2012.

1. There was a statistically significant reduction in placental weight (~100 g) for female autism cases
compared to female normal controls. Thisistrue for the overall sample of females as well aswhen
restricting the sample to children born at term gestation or adjusting for gestational age. Thiswas not the
result of outliersin either distribution. We did not find similar effectsin males. While males represent
the vast majority of autism cases, it appears that there may be differences within autism by sex.

2. Theinfluence of gestational age on placental weight also appears to differ by sex. In multiple linear
regression analyses predicting placental weight by case/control status and gestational age, we also saw
that gestational age had a strong effect on placental weight for males but not for females.

3. There was no statistically significant difference in the smaller placental dimension for autism cases
compared to normal controls among males or females However, the estimated difference among the girls
(~0.82 cm) was approximately two times larger than among the boys (~0.43 cm)

4. Based on these placental differences between males and femal es with diagnoses of autism/ASD, 3, a
marker of placental functional efficiency aswell as placental fractal structure, was calculated for the
ALSPAC cohort. Beta did not differ between boys with autism/ASD (0.755+0.0239) and those without
such adiagnosis (0.753+0.0202). However 3 did differ between girls with autism/ASD (0.733+0.0354)
and those without such adiagnosis (0.760+0.0161, P=0.001). By contrast, 3 did differ by gestational age
in boys (point estimate of effect=-0.002, p=0.009). The association of altered {3 in girls with autism/ASD
persisted after adjustment for gestational age (point estimate of effect of autism/ASD “case” status=0.03,
p=0.01), and there was no independent effect of gestational age on 3 in girls (p=0.53).
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CONCLUSIONS

To date, the study is progressing well. We have extracted from a large archive of awell known and
intellectually productive birth cohort a set of specimens that have never before been studied by the
ALSPAC team or any collaborators. This placenta sample represents the largest collection of placentas
from a population cohort in which neurodevel opmental examinations were universally applied and
placentas were archived. Thus we not only have an unbiased placental sample of a population of cases of
autism/ASD, but aso of control children with special education needs and controls with normal
neurodevel opment. In addition, the growing cohort of high-autism-risk families (EARLI), familieswith
an autistic older sibling and a new pregnancy, is providing a second group that can extend, focus and
validate our analyses in the coming year.

Most importantly, our preliminary analyses confirm our hypothesis that placental structure, even as
measured by our relatively crude first year measures, varies between autism/ASD cases, and in families
with an autistic sibling, compared to alarge birth cohort.
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APPENDIX

2D photograph of a placenta
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The measurement of 15.068 cm isthe linear distance between the two pink points; it is the distance we would
get if we only considered the 2D photo. Measurement 1 Value 19.834 is the actual distance (the geodesic
distance) measured on the placenta between the two pink points. This highlights the issue of dealing with 2D
photographs of deformed placentas - we cannot use the 2D photos and expect to get correct data.
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Output:

Coordinates of connectivity points
X Y Input Output Output Output Output Output
Diameter | Diameter | Diameter | Diameter | Diameter | Diameter
0 1017 518 13 9 11 0 0 0
1 1139 578 11 7 9 0 0 0
2 1154 601 9 5 3 0 0 0
3 1023 183 7 3 0 0 0 0
4 1135 246 5 3 0 0 0 0
5 817 286 7 3 0 0 0 0
6 1134 325 11 5 0 0 0 0
7 1141 330 11 5 0 0 0 0
8 1032 334 11 3 0 0 0 0
9 939 338 19 11 0 0 0 0
10 1052 346 11 7 0 0 0 0
11 1251 351 5 3 0 0 0 0
12 1215 369 7 3 0 0 0 0
13 963 409 13 11 0 0 0 0
14 775 450 9 7 0 0 0 0
15 1268 493 7 3 0 0 0 0
16 826 494 13 9 0 0 0 0
17 832 510 9 7 0 0 0 0
18 1159 523 9 7 0 0 0 0
19 973 525 13 11 0 0 0 0
20 965 526 13 9 0 0 0 0
21 791 552 13 9 0 0 0 0
22 853 558 9 5 0 0 0 0
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23 1285 559 7 3 0
24 1158 563 7 3 0
25 646 569 9 3 0
26 975 623 7 3 0
27 900 634 5 3 0
28 927 635 9 3 0
29 991 659 9 3 0
30 1141 666 11 3 0
31 1206 681 5 3 0
32 793 697 13 7 0
33 835 743 7 3 0
34 855 781 7 3 0
35 727 819 9 3 0
36 809 832 13 9 0
37 864 853 7 3 0
38 789 868 9 3 0
39 793 874 9 3 0
40 739 939 9 3 0
41 815 453 21 19 9

Connectivity matrix
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Photographs with and without filter comparison. Frangi vesselness method is applied to two placentaimages.
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The vasculature and its branching points are represented by edges and vertices respectively. An edge connects
anth generation vertex to a (n+ 1)th generation vertex. Two edges are sides of atriangle if its corners are anth
generation vertex and two (n+1)th generation vertices. A function called the entropy (S) isintroduced to
measure the distribution of triangle areas in the tree. A high area distribution relates to a higher symmetry in
the branching structure. By varying the distribution parameter 3, one is able to weight generations of the
network differently.

Panel (a) shows the means of the area distribution functions for 45 placentas divided into sets corresponding
to low, normal and high birth weights of the baby. Panel (c) shows the means of the area distribution functions
for 28 placentas divided into more constrained sets. Panels (b) and (d) show the corresponding distributions of
the birth weightsin the chosen placenta sample. Panels (a) and (c) indicate that the distribution of triangle
areas and hence the branching symmetry in anormal birth weight placentais higher closer to the umbilical
cord insertion point (large 3) than for the abnormal cases. The area distributions of al three types of placenta
converge by moving away from the umbilical cord insertion point (small 3.



Snapsots that capture the dices of a 3D image made with rapidform




TOP: The maternal surface of a placentaformed from 3Dscans with initial methods.

BOTTOM: The maternal surface of the same placenta formed from 3D scans using our current methods of
mesh refining.
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