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Abstract

Maternal infection during pregnancy increases the risk for neurodevelopmental disorders in
offspring. Rodent models have played a critical role in establishing maternal immune activation
(MIA) as a causal factor for altered brain and behavioral development in offspring. We recently
extended these findings to a species more closely related to humans by demonstrating that rhesus
monkeys (Macaca mulatta) prenatally exposed to MIA also develop abnormal behaviors. Here, for
the first time, we present initial evidence of underlying brain pathology in this novel nonhuman
primate MIA model. Pregnant rhesus monkeys were injected with a modified form of the viral
mimic polyl:C (poly ICLC) or saline at the end of the first trimester. Brain tissue was collected
from the offspring at 3.5 years and blocks of dorsolateral prefrontal cortex (BA46) were used to
analyze neuronal dendritic morphology and spine density using the Golgi-Cox impregnation
method. For each case, 10 layer I11 pyramidal cells were traced in their entirety, including all
apical, oblique and basal dendrites, and their spines. We further analyzed somal size and apical
dendrite trunk morphology in 30 cells per case over a 30um section located 100+10um from the
soma. Compared to controls, apical dendrites of MIA-treated offspring were smaller in diameter
and exhibited a greater number of oblique dendrites. These data provide the first evidence that
prenatal exposure to MIA alters dendritic morphology in a nonhuman primate MIA model, which
may have profound implications for revealing the underlying neuropathology of
neurodevelopmental disorders related to maternal infection.
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Introduction

Exposure to infection during pregnancy increases the risk of offspring developing
neuropsychiatric disorders such as autism spectrum disorder (ASD) and schizophrenia
(Abdallah et al., 2012; Atladéttir et al., 2012, 2010; Brown et al., 2004; Lee et al., 2014;
Mednick et al., 1988; Sgrensen et al., 2009). The diversity of infections associated with
altered neurodevelopment suggests that the mother’s immune response, rather than a specific
pathogen, underlies changes in fetal brain development. In support of this, maternal immune
activation (MIA) in pregnant rodents yields offspring with behavioral abnormalities and
brain pathology that parallel features of human neurodevelopmental disorders (Patterson,
2009). Aberrant development of rodent offspring can be induced by exposing the pregnant
dam to influenza (Fatemi et al., 2008; Shi et al., 2003), the bacterial endotoxin
lipopolysaccharide (LPS) (Baharnoori et al., 2009; Fortier et al., 2007) or the double
stranded RNA viral mimic polyinosinic:polycytidylic acid (polyl:C) (Malkova et al., 2012;
Piontkewitz et al., 2012; Shi et al., 2003; Zuckerman and Weiner, 2005, 2003).

Rhesus monkey (Macaca mulatta) models of human disorders provide an intermediate step
between rodent models and clinical populations given the higher level of homology between
humans and nonhuman primates in behavior, anatomy, and physiology (Watson and Platt,
2012). Previous nonhuman primate models have documented neurobehavioral abnormalities
in macaque offspring following third trimester exposure to influenza or the bacterial
endotoxin lipopolysaccharide (LPS) (Short et al., 2010; Willette et al., 2011). However, the
effects of MIA at earlier gestational time points have not been explored in the nonhuman
primate. We developed a novel, rhesus monkey MIA model using a modified form of poly
I:C (poly ICLC), a double-stranded RNA that induces a transient innate inflammatory
response in the primate immune system (Caskey et al., 2011; Levy et al., 1975). An initial
cohort of animals was produced to establish dosing protocols, followed by a larger cohort
that underwent comprehensive behavioral phenotyping from birth to four years of age. The
MIA-treated offspring in the larger cohort demonstrated abnormal repetitive behaviors,
altered vocal communication and atypical social interactions (Bauman et al., 2014). Non-
invasive eye-tracking studies later revealed that the MIA-treated juvenile offspring fail to
attend to salient social cues (Machado et al., 2014). The behavioral pathology in the monkey
poly ICLC model extends the findings from rodent MIA models to more human-like
behaviors resembling those in both ASD and SZ.

An essential next step is to determine if MIA-exposed macaque offspring also demonstrate
brain neuropathology that parallels these human disorders. While behavioral studies were
being carried out on the larger cohort, we initiated the neuropathological examination of
brain tissue from the initial polylCLC dosing cohort. Offspring from this initial cohort were
born to dams injected with polylCLC at six time points at the end of the first trimester to
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evaluate the maternal immune response (N=4) or born to saline injected controls (N=4).
Brain tissue was collected at 3.5 years of age and stained with a modified Golgi-Cox
technique (Glaser and Van der Loos, 1981). We have focused our initial studies of neuronal
morphology on the dorsolateral prefrontal cortex (DLPC; Brodmann Area 46), an area
known to show changes in layer 111 pyramidal neuron morphology in post-mortem
populations of SZ patients (Glantz and Lewis, 2000; Glausier and Lewis, 2013; Kolluri et
al., 2005; Pierri et al., 2001). The DLPFC is well-developed in primates and is a good
candidate area to identify potential aberrant neuronal dendritic morphology in MIA-exposed
offspring in a brain region implicated in human neuropsychiatric disease.

Materials and Methods

Subjects

All experimental procedures were developed in collaboration with the veterinary, animal
husbandry, and environmental enrichment staff at the California National Primate Research
Center (CNPRC) and approved by the University of California, Davis Institutional Animal
Care and Use Committee. All attempts were made (in terms of social housing, enriched diet,
use of positive reinforcement strategies, and minimizing the duration of daily training/testing
sessions) to promote the psychological well-being of the animals that participated in this
research.

Eight pregnant rhesus monkeys were selected from the timed-mating program at the
California National Primate Research Centre and randomly assigned to receive saline
control injections (n=4) or a modified form of the viral mimic polyl:C
(polyinosinic:cytidylic acid, stabilized with poly-L-lysine (polylCLC)) (Oncovir Inc.,
Washington D.C.) (n=4). PolylCLC is resistant to endogenous RNase activity present in
primate blood that breaks down polyIC (de Clercq, 1979; Nordlund et al., 1970). Pregnancy
was confirmed at approximately 20 days of gestation via ultrasound. Willingness to present
an arm for intravenous injection while being temporarily restrained (less than 1min) was
assessed at gestational day 30. To minimize stress, only animals that readily complied were
included in the study.

Maternal PolylCLC administration

Pregnant dams received six intravenous injections of polylCLC or saline on gestational days
43, 44, 46, 47, 49 and 50 of pregnancy (at the end of the first trimester). The dose of polylC
utilized in rodent MIA models generally ranges from 4-20mg/kg (Boksa, 2010). Lower
doses were initially evaluated in the nonhuman primate model to establish parameters for
stimulating a maternal immune response while minimizing spontaneous abortion. Three low
doses were evaluated in this study: 0.25, 0.5 and 1 mg/kg (n=1,2,1 respectively). The control
group received saline injections to account for any differences that may arise from stress of
receiving injections in pregnancy. Pregnancies of both MIA and control animals were
monitored via ultrasound 24-48 hours following the final polylCLC or saline injection, and
again at approximately GD 100 and 150. Note that for the larger cohort of MIA-treated
offspring utilized in the behavioral studies (Bauman et al., 2014; Machado et al., 2014) the
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lowest dose of polylCLC was used (0.25mg/kg) and the number of polylCLC injections was
reduced from six to three.

Interleukin-6 analysis

Blood was drawn 24-48 hours prior to the initial polylCLC injection for baseline analysis,
and then again three hours after the first and last injections were administered (GD 43 and
50). A final sample was collected approximately 5-days after polylCLC injections as a
second baseline measure (Table 1). Blood was separated and serum was diluted with PBS/
0.2%BSA to fall into the linear range of a primate specific IL-6 ELISA assay (Cell Sciences,
Canton, MA).

Offspring and behavioral scoring

The offspring (6males, 2 females) were raised with their mothers and provided access to
peers to facilitate species typical social development. While comprehensive behavioral
phenotyping was not carried out on the initial dosing cohort, general health and development
were monitored and the offspring were periodically screened for maladaptive behaviors,
such as repetitive behaviors. Quantitative behavioral data were collected when the offspring
were weaned from their mothers at six months of age. Trained observers, who were blind to
the assigned experimental conditions, conducted 18 home cage observations (9 morning and
9 afternoon sessions) in a pre-determined pseudo-random order for six ten-second periods.
At the onset of each observation, the observer approached to one meter in front of the home
cage and recorded behaviors using a one-zero sampling method. Any behavior occurring
within the ten-second observation received a score of “1” (even if the behavior was
repeated), whereas behaviors that were not observed during the trial received a score of “0”.
Behaviors included a subset of the standard rhesus monkey developmental ethogram
(Bauman et al., 2014), focusing specifically on maladaptive motor stereotypies and self-
directed behaviors.

Histological evaluation of tissue

Animals were perfused at 3.5 years of age and the brains placed in 10% formalin prior to
processing less than a week later. The left hemisphere was retained for the current study,
while the right hemisphere was frozen and retained for future studies. Left hemisphere
frontal lobe blocks were wrapped in gauze and placed in Golgi-Cox solution (working
concentrations: 1% potassium dichromate, 1% mercuric chloride and 0.83% potassium
chromate) for 12 weeks (Das et al., 2013; Rosoklija et al., 2003). Tissue blocks were then
dehydrated in alcohols, embedded in parlodion, and cut on a sliding microtome in to 150pum
thick sections (Microm HM440E). Sections were developed in ammonium hydroxide for 10
minutes followed by 5 minutes in Kodak film fixer. Sections were then washed in water and
dehydrated in graded concentration of ethanol (50%, 70%, 95%, 100%) followed by xylene,
mounted in DPX solution and coverslipped.

Analysis of neuron morphology

Neurons in the dorsolateral prefrontal cortex (DLPFC, BA 46) were identified along the
dorsal limb of the principal sulcus (Figure 1). Layer 11l pyramidal neurons were selected for
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tracing and reconstruction based on the following criteria (Jacobs et al., 2001, 1997): 1) the
neuron was relatively complete within a single section 2) neurons possessed well
impregnated, unobscured processes with no breaks 3) somata were centrally located within
the section, and 4) apical dendrites were perpendicular to the pial surface. An average of 2
neurons were traced from 5 consecutive sections (10 neurons total per case) using a
computer-based neuron tracing system (Neurolucida, MicroBrightField, Williston, VT). A
Zeiss microscope (Zeiss Imager Vario Z2) together with a motor stage equipped with
transducers on the XYZ-axes was used to trace each neuron. Neurons were identified at low
magnification (x5 objective lens), and then confirmed that they met criteria at x20
magnification before being traced at high magnification (x100 oil immersion objective lens).
Apical and basal dendritic arbors were traced in their entirety. In addition to recording the
depth of the soma from the pial surface, a number of morphological measures were taken
including cell body size (cross section area pm?), total length of dendrites (basal and apical,
um), number of dendritic segments (defined as a section of dendrite between branching
nodes or between a branch point and the end of the dendrite (an indication of branching
frequency), and spine density (number of spines per um).

Apical dendrite trunk morphology measurements were taken from a 30um section of
primary apical dendrite located 100 + 10 um from the apex of the soma. 30 neurons per case
(240 neurons total) were analyzed. Criteria neurons within the chosen section were: 1) clear
primary apical dendrite trunk (neurons with early bifurcation of the apical dendrite were not
included) 2) no bends or kinks in the apical trunk and 3) the segment contained no oblique
dendrites branch points. Measurements taken for each neuron included depth of soma from
the surface, soma size (cross section area um?), diameter of the apical dendrite as it emerged
from the soma, and the number of spines along the 30um section. Finally, it should be noted
that all data were collected with the rater blind to the treatment conditions.

Photomicrograph processing

Two-dimensional composite photomicrographs of dendritic arbors were constructed from a
stacked series of images (separated by 5um) using Adobe Photoshop CS5.1 (Adobe
Systems, San Jose, CA). The image in which the soma was in sharpest focus was used as a
base. In-focus sections from each serial image were excised and aligned onto the base image
resulting in a flattened 2-D representation of the full dendritic arbor (Figure 2A). Three-
dimensional reconstructions were exported from Neurolucida and aligned in Adobe
Photoshop in an overlay (Figure 2B).

Statistical analysis

All statistical analyses were performed using SPSS (version 21, IBM). ‘N’ was 4 per group
for all analyses. Behavioral data were analyzed using the non-parametric Mann-Whitney
test. Group differences in the mean for total dendritic length, segment count and spine
density measured on the initial 10 cells were analyzed using a Mann-Whitney test due to
non-parametric distribution. Similarly, for the apical dendrite study mean values from the 30
neurons per case were calculated followed by group mean analysis using the same statistical
test. Statistical significance was set at P<0.05 for all analyses.
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Effect of polylCLC dosing on maternal IL-6 concentration

PolylCLC injections yielded a large increase in circulating levels of interleukin-6 three
hours after the injection while saline injections induced no such effect (Table 1). The 2"d
polyICLC injection was associated with a more pronounced IL-6 response compared to the
6t (and final) polylCLC injection. We detected a similar trend in our larger study (see
Bauman et al., 2014, Table S7) where the IL-6 response six hours after the second injection
was more pronounced than the I1L-6 response six hours after the third (and final) injection.
However, temperature data remained consistent following multiple injections of polylCLC
(see Bauman et al., 2014, Table S5) and studies in other species have not reported attenuated
fever or cytokine responses following repeated polyIC injections (Soszynski et al., 1991). It
is interesting to note that one of the dams that received saline injections had a low level of
circulating IL-6 at the onset of the injections. We do not know if this was a low level
infection or the end of a more extensive immune response. However, the neuronal
morphology of the offspring from this mother was comparable to that of the other control
animals.

Offspring development

There were no consistent differences across offspring in physical growth, motor or reflex
development or interactions with mothers and social rearing partners. However, quantitative
observations of the offspring in their home cages at approximately 6 months of age revealed
that MIA-treated offspring exhibited more whole body stereotypies (i.e., pacing) compared
to controls (Z=2.31, P=0.029) (Figure 3). These behaviors persisted over time (M.D.
Bauman, unpublished observations) and are consistent with the emergence of repetitive
behaviors described in the larger cohort of MIA-treated offspring (Bauman et al., 2014).

Analysis of neuron morphology

The effect of maternal immune activation on neuronal morphology was first evaluated by
examining the morphology of the entire apical and basal dendritic arbors. Morphological
measures of basal dendritic arborization (total dendritic length, spine density, segment
count) of the MIA treated group were not significantly different from that of control animals
(Table 2). Apical dendritic trees of the MIA treated group tended to be longer and more
branched (probably due to the greater number of oblique dendrites) although this did not
reach statistical significance (P=0.08). This is likely due to small sample size and inherent
variability of neurons (Table 2 and Figure S1). Soma size (cross section area (um?)) did not
differ between groups (Control 283.4 + 11.4 vs. MIA 251.7 + 22.2; 7Z=1.16, P=0.248).

In the limited 30um section of apical dendrite, at a distance of 100 + 10 um from the soma,
the apical dendrites of MIA treated animals were smaller in diameter than those of the
control animals (Z=2.31, P<0.05) (Figure 4). Similar to our finding in the whole-traced
neurons where there was a trend towards greater ‘segment count’ (an indication of branching
complexity) in the MIA group, we found a significantly larger number of oblique dendrites
between the soma and the beginning of the selected section (Z=2.14, P<0.05) (Figure 5).
There was no difference in the number of visible spines along the 30pum section of apical
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dendrite studied (control 44.26 + 3.2 vs. MIA 52.4 + 3.87; Z=1.73, P=0.08). To correct for
the spines obscured by the opaque dendrite shaft, we applied the formula outlined by
Feldman and Peters (1979) (Supplemental material, Table S1). The value of N/n (where N is
the “true’ number of spines calculated using the formula and n is the visible number of
spines) of the control group was greater than that of the MIA group (2.5 vs. 2.35). These
values represent the fact that the thicker dendrite (control group) obscures a greater number
of spines, however this was not a large enough difference to drive a statistically significant
difference in spine number between groups. There was also no difference in soma size (cross
section area (um?) control 299.5 + 7.2 vs. MIA 266.6 + 18.7; Z=1.44, P=0.149).

Discussion

The present study provides the first evidence of neuropathology in rhesus macaque (Macaca
mulatta) offspring exposed in utero to maternal immune activation (MIA). In this initial
assessment of brain pathology in the nonhuman primate MIA model, dendritic morphology
was quantified in layer 11 pyramidal neurons in dorsolateral prefrontal cortex (DLPFC,
BA46) of offspring following maternal injections of the viral mimic, poly ICLC, or saline at
the end of the first trimester. Our results show that MIA-treated offspring have a narrower
apical dendritic diameter and a greater number of oblique dendrites compared to control
offspring.

The goal of the present study was to determine if this novel, nonhuman primate model of
MIA model exhibits neuropathology relevant to human neuropsychiatric diseases. We
elected to focus the initial evaluation of the nonhuman primate model in the DLPFC —a
region of prefrontal cortex in humans and nonhuman primates that is essential for high order
cognitive processes and implicated in social cognition (Arnsten, 2011). DLPFC dysfunction
is strongly implicated in SZ (Barch and Ceaser, 2012; Lesh et al., 2013; Ursu et al., 2011)
and to a lesser extent ASD (Morgan et al., 2012). Analysis of post-mortem tissue from
schizophrenic patients has consistently found layer 111 pyramidal neurons in the prefrontal
cortex to have smaller somal volumes and decreased spine density compared to control cases
(Glantz and Lewis, 2000; Glausier and Lewis, 2013; Kolluri et al., 2005; Pierri et al., 2001).
Although neuronal morphology in DLPFC has not been specifically evaluated in
postmortem ASD brains, changes in pyramidal cell morphology have been described in
other cortical regions. Increased spine density was noted on the apical shaft of layer V
pyramidal neurons in the mid-frontal gyrus in two out of three autistic cases (Williams et al.,
1980), whereas larger studies have demonstrated regional and layer specific increases in
spine density (layer Il of frontal, parietal and temporal regions and in layer V of the
temporal lobe (Hutsler and Zhang, 2010; Tang et al., 2014).

Although basal dendritic morphology and spine density did not differ between MIA-exposed
and control offspring, we did detect a trend toward decreased somal volume in the MIA-
treated animals (11.2% reduction in volume compared to control soma), which is consistent
with findings in the schizophrenia literature. Moreover, in our more comprehensive
assessment of apical dendrite morphology (located 100 + 10 um from the soma in a 30um
section of primary apical dendrite), the apical dendrites in MIA-exposed offspring displayed
distinct and consistent alterations in cell morphology. MIA-treated offspring have smaller
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apical dendrite diameter and a larger number of proximal oblique dendrites than typical
control offspring. Although no group differences in spine density were detected along the
apical dendrite, some spines may have been obscured from view in control offspring because
of the greater diameter of the apical dendrite (Feldman and Peters, 1979). Thus it was
plausible that our quantification of nearly identical spine densities between MIA and control
groups actually underestimated the true number of apical spines in the control offspring,
thereby masking a potential decrease in spine density in MIA. To address this possible
confound, we applied a correction factor outlined by Feldman and Peters (1979), however
our finding of no difference in spine density remained consistent. It is also important to note
that the brain tissue from the monkey MIA model was obtained during the pubescent period
and thus reflects a single time point in postnatal development. Given that the majority of
postmortem human neuropathology have utilized adult tissue, it is plausible that the group
differences we have reported may become more pronounced with age. Likewise, the present
study does not adequately address potential sex differences in MIA-treated offspring (2
males, 2 females). While gender specific differences in cognitive tasks associated with the
DLPFC have been reported (Bachevalier and Hagger, 1991), there is no evidence to date of
sex-related differences in dendritic morphology in layer 11/111 pyramidal neurons (Jacobs et
al., 2001, 1993; Kolb and Stewart, 1991; Markham et al., 2013) or in androgen receptor
expression in the region of interest (Finley and Kritzer, 1999).

Although our observations in the current study are from the small cohort of 8 animals used
to establish dose parameters, we demonstrate a consistent finding across doses that maternal
immune activation alters neuron morphology in the DLPFC. Alterations in dendritic
morphology of the MIA offspring could have a critical impact on neuronal connectivity and
the function of neural systems (Mainen and Sejnowski, 1996; Schaefer et al., 2003;
Spruston, 2008). Although the specific mechanisms by which this may occur requires further
investigation, a select number of studies may provide some insight. Interestingly, branch
point morphology between oblique dendrites and the apical trunk affects signal propagation
via differential impedance, thus altering neuronal activity (Ferrante et al., 2013). Layer V
pyramidal neurons in rat neocortex exhibit different electrophysiological properties
dependent on diameter of the apical dendrite and number of oblique dendrites (Kim and
Connors, 1993). A greater number of oblique dendrites in close proximity to the soma (<140
um) changes the probability of action potential firing via mediation of back-propagating
signals (Schaefer et al., 2003). Given the role of layer 11l pyramidal neurons in cortico-
cortical connectivity and the importance of the DLPFC in regulation of attention, inhibition,
cognitive control, motivation and emotion (Arnsten, 2011), these changes could profoundly
impact behavioral development. We have previously reported that macaque offspring born to
dams injected with the viral mimic polylCLC in the first trimester deviate from species-
typical social development, produce motor stereotypies and self-directed behaviors, and fail
to attend to salient social cues (Bauman et al., 2014; Machado et al., 2014). Although
behavioral observations were not the focus of the present study, we did observe behavioral
abnormalities in these MIA-treated animals that are consistent with our published reports on
the second, larger MIA cohort (Bauman et al., 2014; Machado et al., 2014).

Our goal is to utilize the nonhuman primate MIA model to improve translation between
rodent models and clinical populations in order to advance our understanding of the
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mechanisms by which MIA during pregnancy increases the risk for human
neurodevelopmental disorders. Converging evidence from rodent model suggests that
activation of the maternal immune system initiates a cascade of molecular pathways that
ultimately disrupt brain and behavioral development (Garay et al., 2013; Hsiao and
Patterson, 2011, 2011; Patterson, 2009). The deleterious effects on brain and behavior in the
mouse MIA model appear to be mediated by the maternal cytokine response, in particular
interleukin (IL)-6 (Smith et al., 2007). While dams in the current study were given different
doses of polylCLC to establish the most efficacious immune challenge, each of the treated
dams responded with a substantial increase in IL-6 and displayed consistent alterations in
cell morphology. The timing of the maternal immune challenge (early vs. late in gestation) is
an important factor in the downstream effects on fetal development, and has been shown to
differentially affect both behavior and neuropathology of the offspring (Fortier et al., 2007;
Meyer et al., 2008, 2006). Developing fetuses in the current study were exposed to prenatal
immune challenge on gestational days 43-50. In the rhesus monkey, this time coincides with
the onset of neurogenesis for DLPFC and the first appearance of synapses in the marginal
and subplate region of area 46 (Bourgeois et al., 1994; Levitt, 2003). Disruption of these
early events associated with exposure to MIA could have long lasting effects on dendritic
morphology. The postnatal timing is another important consideration given that dendritic
and spine morphology in macaque monkeys undergo age-related changes (Elston et al.,
2009). An important future goal is to explore the developmental progression brain pathology
to determine if the MIA-induced changes in neuronal morphology are age-dependent, as has
been reported following maternal LPS injection in mid-gestation in rats (Baharnoori et al.,
2009).

Collectively, the nonhuman primate MIA model demonstrates that this particular prenatal
immune challenge produces offspring with behavioral impairments relevant to human
neurodevelopmental disorders, and brain pathology in regions implicated in these diseases.
The technique of Golgi impregnation used in this study is a unique method for displaying
dendritic trees of large numbers of individual neurons and has been utilized to demonstrate
differences in pyramidal cell spine densities in ASD subjects compared to age-matched
control cases (Hutsler and Zhang, 2010). Although more recently developed methods such
as intracellular die injections exist, they themselves are not without caveats (Hanani, 2012;
Jacobs et al., 1997). While intracellular injection techniques for archived tissue are
improving (Dumitriu et al., 2011), Golgi impregnation remains widely used for studying
dendritic arborization and spine quantification (Bianchi et al., 2013; Jacobs et al., 2014).
While the current study utilized the Golgi-cox neuron impregnation method specifically,
there are multiple Golgi methods which may produce varying results (e.g., rapid Golgi vs.
Golgi-cox) (Buell, 1982). Golgi-cox is an established method for non-human primate tissue
with short fixation times (Morgan and Amaral, 2014). In spite of the inherent limitations in
sample size associated with a nonhuman primate gestational model and the capricious nature
of Golgi impregnation, significant differences were found in apical dendrite morphology in
MIA exposed offspring. Moreover, these differences were consistent across varying doses.
Due to these factors, the data presented here should be considered as preliminary while
additional histological studies are underway to corroborate and build upon our
neuropathological findings in a larger cohort of animals in a greater number of brain regions
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and cortical layers. Cross-species comparisons between rodent and monkey MIA models, in
addition to human studies of disorders related to MIA, will be needed to systematically
evaluate the developmental progression of brain and behavior pathology following prenatal
immune challenge. These results will form the basis for identifying novel preventative and
therapeutic strategies aimed at alleviating the structural changes in cortical connectivity in
neuroimmune-based neuropsychiatric disorders.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Neuroanatomy of dorsolateral prefrontal cortex. A) Lateral view of the left hemisphere

indicating location of the coronal section depicted in B). B) Coronal section through DLPFC
C) Approximate position of layer 111 pyramidal neuron soma measured along the dorsal limb
of the principal sulcus (scale bar = 0.8mm).
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Figure 2.
A) Example of a Golgi impregnated layer 111 pyramidal neuron B) the same neuron with

overlaid 3-D reconstruction of dendritic arbors from Neurolucida. Apical dendrite (yellow),
basal dendrites (green, orange and red), axon (white) and spines (blue). Scale bar = 50um
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Figure 3.
MIA treated animals exhibited more whole body stereotypies (i.e., pacing) compared to

saline treated controls at 6 months of age. Each animal underwent 18 home cage
observations (9 morning and 9 afternoon) comprising of six 10-second periods. Individual
behaviors were scored using a one-zero sampling method corresponding to presence or
absence of the behavior respectively (therefore the maximum score of any behavior over a
single observation was 6). Scores were averaged across the 18 observations. (Control
animals (all male — (blue)), MIA males (red), MIA female animals (pink), *P<0.05)
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Figure 4.
Diameter (um) of apical dendrite shaft. MIA animals have thinner apical dendrites than

control animals (A). Representative photomicrographs of control (B) and MIA (C) apical
dendrites. (Control animals (all male — (blue)), MIA males (red), MIA female animals
(pink)), scale bar = 5um, *P<0.05)
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Average no. oblique dendrites
o
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Figure 5.

MIA

Average number of oblique dendrites within the first 200um of apical dendrite. MIA animals
have a greater number of proximal dendrites compared to control animals. (Control animals
(all male — (blue)), MIA males (red), MIA female animals (pink),* P<0.05)

Brain Behav Immun. Author manuscript; available in PMC 2017 November 05.



Page 20

Weir et al.

44 ElEN 00027 0'TrvEZ 0 (01) 91014104
14 aleN 8'68.€ 0'20ErT 0 (50) 07101410d
[44 alews 0'GST 2’8269 0 (5°0) 21014104
134 a[ewad v'vee 0'GE9E 0 (s2°0) 07101A10d
14 Gl 98¢ €65 09 aulfes
1594 3leN 0 0 0 auljes
134 3’ 0 0 0 aulfes
1474 3leN 0 0 0 auljes
(syauon) (Jw/6d) uonoafui (Jw/6d) uonoafui

2014149es Je Buladsyo Jo aby Japuab Burdsyo | D101A410d feuly asye 4y € — 9-11 OT101A10d 18414 48R Uy € — 9-T71 (Jwy/6d) 9-71 auljeseg | (B>/6w asop) Juswieal )

Author Manuscript

T alqeL

Author Manuscript

D121A10d 01 asuodsal Jeusarew pue sdnoib pejuswiiadx3

Author Manuscript

Author Manuscript

Brain Behav Immun. Author manuscript; available in PMC 2017 November 05.



Page 21

Weir et al.

(z8'1) G'Se (e5€) vLvE 1unod Juswbes

(10°0) 7.0 (50°0) 9.0 (wr sad saurds) Aususp auids | - samipusp [eseg
(tz'60T) | 08T | (OT¥IT) | 2L'8LYT (wrl) wbuaj resoL

(ov'1) ozé6e | (182) §e 1unoo Juswibies

(z00) 6.0 (¥0°0) 080 (wrl Jad sauids) Ajisuap aulds | sajupuap jeaidy
(ege6) | gstvT | (02'swT) | €2otT (wrl) ybus| 1oL

N3S uesiN | N3S uesin

VIN |043U0D

"punoy

aJam sadualayip dnoub jueoiiubis oN “(ased Jad s|99 0T woJ) pajidwod sabelane uesw dnoib) sainseaw [ealbojoydiow [eseq pue |eaide Jo erep Alewwing

Author Manuscript

¢ 9lqeL

Author Manuscript

Author Manuscript

Author Manuscript

Brain Behav Immun. Author manuscript; available in PMC 2017 November 05.



	Abstract
	Introduction
	Materials and Methods
	Subjects
	Maternal PolyICLC administration
	Interleukin-6 analysis
	Offspring and behavioral scoring
	Histological evaluation of tissue
	Analysis of neuron morphology
	Photomicrograph processing
	Statistical analysis

	Results
	Effect of polyICLC dosing on maternal IL-6 concentration
	Offspring development
	Analysis of neuron morphology

	Discussion
	References
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Table 1
	Table 2



