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Breeders: Male and female mice were ordered from Taconic Biosciences and combined for trio 

breeding. Females were removed after one day and checked for vaginal plugs. Twelve days after 

copulation, females were weighed. If weight increased by ten percent from baseline, they were 

injected intraperitoneally with either poly (I:C) or PBS with a concentration of 20mg/Kg/200ml.

Gavages: Experimental mice were gavaged orally for 14 days after initial behavior tests with a 

concentration of 200pmol/200ml.

Behavior Tests: Marble burying: Test for repetitive behavior. Mice were placed in a cage with 

clean bedding and marbles. If a marble was covered 50 percent or more by bedding, it was 

counted as a buried marble. A ten-minute trial was conducted, and buried marbles were recorded.

Sociability: Test for social interaction. After the habituation test in the arena, a novel mouse and 

a toy were placed in the arena. The time the experimental mouse spent around the novel mouse 

and toy was recorded during a ten-minute trial.
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Abstract
Autism spectrum disorder (ASD) is a neurodevelopmental disorder characterized by various

symptoms, including deficits in social skills, communication, and repetitive behaviors (3). Previous

research has shown that the maternal immune activation (MIA) model produces a predictive

mouse model for autism (1). In this model, pregnant mice are injected with viral mimic

polyinosinic-polycytidylic acid (poly (I:C)) on gestational day 12.5. Pups whose mothers were

injected with poly (I:C) show classic symptoms of autism, including repetitive behavior and

impaired social interaction with a novel mouse (1). We found that offspring from poly (I:C)-treated

dams showed a distinct fecal micro-RNA (miRNA) signature compared to offspring from PBS-

injected dams. Fecal miRNAs are small non-coding RNA fragments that we have found to

regulate gene expression in microbes, favoring or inhibiting their growth (2). We isolated three

specific poly (I:C)) deficient miRNAs through extractions and gave the miRNAs back to offspring

from poly (I:C)- and PBS-treated dams through oral gavage. We found that oral administration of

a combination of these three miRNAs abolished repetitive behavior and improved social

interaction with a novel mouse. This suggests that orally administered fecal miRNAs may

constitute a novel and promising therapeutic strategy to treat ASD behavioral abnormalities.

Discussion 

ResultsExperimental Design 

Nanostring Analysis

Nanostring nCounter assay uses barcoded probes to count nucleic acids without requiring

amplification. First, fecal samples from 10 poly (I:C) and 10 PBS were extracted for miRNA using

the mirVana miRNA Isolation Kit (Invitrogen). After extractions, samples were hybridized

(miRNA/probes bonding together to make a single strand). Samples were then cleaned up and

aligned to the nCounter cartridge. Finally, barcoded samples were counted and analyzed with the

nSolver software.

Cohort 1. Pregnant dams were injected with either poly (I:C) or PBS on gestational day 12.5. Offspring of these

injected dams were put through two behavior tests (marble burying and sociability) to confirm ASD behavior

symptoms. Fecal samples were collected and run through the Nanostring process (n=10 PBS, 10 poly (I:C)).

A. miRNAs that are down regulated in

the poly (I:C) offspring compared to

PBS offspring. Red miRNAs were

giving back to cohorts two and three.

D. Behavioral analysis of the sociability

test indicates that in the pre-gavage

sociability test, the offspring whose

mothers were injected with poly (I:C)

spent the same amount of time with

the toy and the novel mouse compared

to the offspring whose mothers were

injected with PBS, which indicates a

deficit in social interaction. Post-

gavage analysis shows that oral

administration of the top 3

downregulated fecal miRNAs improved

social interaction (p=0.01).

Cohort 2. A second cohort of pregnant dams were injected with either poly (I:C) or PBS on gestational day 12.5.

Offspring of these injected dams were put through previous behavior tests to confirm ASD behavior symptoms.

Offspring were split into two groups receiving miRNA or scrambled sequence control (n= 6 PBS scramble, 6 PBS

miRNA, 4 poly (I:C) scramble, 5 poly (I:C) miRNA). Behavior tests were run again after 14 days of gavage. Mice

were then euthanized and whole brains and guts were collected.

Mice whose mothers were injected with poly (I:C) have symptoms of ASD including deficits in

social interaction and repetitive behaviors. These mice buried more marbles and spend less time

with a novel mouse compared to mice whose mothers were injected with PBS. The poly (I:C)

mice also have a distinct miRNA signature compared to PBS mice. Using the Nanostring

analysis, we isolated three specific poly (I:C) deficient miRNAs and gave them back to 2 cohorts

of poly (I:C) and PBS mice.

Adding the miRNAs back to the poly (I:C) reversed their behavior abnormalities, which suggests

that oral administration of specific fecal miRNAs could be a new treatment to treat these

behavioral abnormalities in individuals with ASD.

Currently we are analyzing fecal samples from cohort three with 16S rRNA sequencing and

miRNA analysis to determine whether the beneficial effects of the oral miRNA treatment were

associated with modulation of the gut microbiota, since fecal miRNA can directly regulate

microbial growth.
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Post-Gavage Pre-Gavage 
C. Behavioral analysis indicates that

in the pre-gavage marble burying test

the offspring whose mothers were

injected with poly (I:C) buried more

marbles compared to offspring whose

mothers were injected with PBS

(p<0.0001), indicating that these mice

developed repetitive behavior. After

the 14 days of miRNA oral treatment,

offspring from the poly (I:C) injected

mice had the repetitive behavior

abolished as they buried less marbles

than PBS offspring (p=0.01).
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Cohort 3. A third cohort of pregnant dams were injected with either poly (I:C) or PBS on gestational day 12.5.

Offspring of these injected dams were put through previous behavior tests to confirm behavior symptoms. Offspring

were split into two groups receiving miRNA or scrambled sequence control (n= 1 PBS Scramble, 1 PBS miRNA, 8

poly (I:C) Scramble, 9 poly (I:C) miRNA). Behavior tests were run again after 14 days of gavage. Mice were then

euthanized and whole brains and guts were collected. Fecal samples were collected pre- and post-gavage.

Cohort 3

Cohort 2

D

B. miRNAs that are upregulated

regulated in the poly (I:C) offspring

compared to PBS offspring.

Pre-Gavage Post-Gavage 
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