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behavioral abnormalities, hippocampal synaptic changes and 
neuroinflammation in male and female offspring
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A B S T R A C T

Autism Spectrum Disorder (ASD) is marked by impairments in social communication and interaction, alongside 
repetitive behavior, with increasing evidence implicating immune dysregulation in its pathogenesis. Preclinical 
studies indicate that infections during pregnancy and resultant maternal immune activation (MIA) induces ASD- 
like neurobehavioral abnormalities in offspring, involving interleukin-17A (IL17A) released by T helper 17 cells. 
Here, we evaluated the potential efficacy of early administration of IL17A antibody shortly after MIA induction 
to mitigate ASD-like phenotypes focusing on both male and female mouse offspring.

MIA was induced by administering polyinosinic:polycytidylic acid [Poly(I:C)] to pregnant mice on gestational 
day 12.5. Twenty-four hours later, mice were injected with IL17A antibody (anti-IL17A). Offspring were divided 
into three developmental cohorts (neonatal, early adolescence, and late adolescence), each tested with a tailored 
behavioral battery relevant to ASD. Additionally, to get further insight into MIA-induced molecular changes and 
the potential efficacy of anti-IL17A treatment in preventing these effects, hippocampal synaptic and neuro
inflammatory markers were analyzed at postnatal day 28.

Prenatal administration of anti-IL17A significantly attenuated repetitive behavior selectively observed in MIA 
male offspring and mitigated social deficits emerging in late adolescence in both sexes. Importantly, anti-IL17A 
administration prevented in both sexes early MIA-induced alterations in key players of synaptic plasticity (i.e. 
brain derived neurotrophic factor, synaptic proteins, glutamate receptor NMDA) and neuroinflammation.

Early and precisely timed blockade of IL17A (24 h after MIA-induction) represents a promising prophylactic 
strategy to prevent ASD-like brain and behavioral abnormalities associated with MIA.
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1. Introduction

Autism spectrum disorder (ASD) is sex-biased, neurodevelopmental 
disorder characterized by social and communication impairments and 
repetitive behavior (Association, 2013). It is associated with alterations 
in brain physiology, involving molecular and cellular hallmarks (Gilbert 
and Man, 2017; Toscano et al., 2021). Maternal factors such as stress, 
exposure to chemicals and drugs, overnutrition, inflammation and 
infection during pregnancy may negatively impact brain development 
during fetal life, increasing the risk of ASD (Jiang et al., 2016; Kwon 
et al., 2022) as well as other psychiatric and neurological disorders. In 
particular, epidemiological studies have linked maternal infection to 
ASD as well as to neuropsychiatric conditions, such as intellectual 
disability, schizophrenia, bipolar disorder, and major depressive disor
der (Brown and Meyer, 2018; Jiang et al., 2016; Kwon et al., 2022; 
Meyer, 2019; Meyer et al., 2011; Meyer et al., 2009a). Animal models of 
maternal immune activation (MIA) have been used to investigate the 
causal link between maternal infection and abnormal brain develop
ment in the offspring, in terms of behavioral, neurochemical, neuroan
atomic, and neurophysiologic disruptions (Brown and Meyer, 2018; 
Malkova et al., 2012; Meyer, 2014; Meyer and Feldon, 2010, 2012; 
Meyer et al., 2009a; Sal-Sarria et al., 2024). Rodent models of MIA, 
induced by injection of the synthetic double stranded RNA polyinosinic- 
polycytidylic acid [Poly(I:C)], widely used to mimic viral infection, 
recapitulate the association between maternal infection and offspring 
brain and behavioral alterations resembling core features of ASD. In 
these models, MIA elevates proinflammatory cytokines, which, 
depending on cytokine specificity, timing of MIA, gestational stage, and 
concomitant placental abnormalities, can cross the placenta and directly 
affect the embryonic brain (Meyer et al., 2009b; Meyer et al., 2007). This 
triggers neuroinflammation that can persist into later developmental 
stages, contributing to aberrant behavioral phenotypes in offspring 
(Arrode-Bruses and Bruses, 2012; Garcia-Valtanen et al., 2020; Haddad 
et al., 2020; Malkova et al., 2012; Tartaglione et al., 2022). T helper 17 
cells and their effector interleukin-17A (IL17A) have been identified as 
critical mediators in the development of MIA-induced behavioral ab
normalities in offspring (Choi et al., 2016). Elevated IL17A levels have 
been reported in both maternal blood and the postnatal brain of MIA 
mouse models (Choi et al., 2016; Garay et al., 2013). Importantly, higher 
blood IL17A levels correlated with phenotypic severity in a subset of 
ASD subjects (Wong and Hoeffer, 2018). Despite evidence supporting 
IL17A as a potential therapeutic target (Choi et al., 2016), critical issues, 
such as the optimal time window for intervention and the appropriate 
period to observe its effects on molecular and behavioral alterations in 
Poly(I:C)-exposed offspring, remain less explored. Furthermore, given 
the pronounced sex bias in ASD prevalence, most studies have focused 
predominantly on males, leaving a gap in the understanding of the 
mechanisms underlying sex-specific responses to early-life inflamma
tory insults leading to this disease. Also, no data are available on both 
sexes in response to anti-IL17A in offspring as a preventive approach. 
Therefore, we evaluated the efficacy of an IL17A-blocking antibody 
administered 24 h after maternal Poly(I:C) injection in preventing ASD- 
like behavioral abnormalities in both male and female offspring across 
developmental stages. This study also enables the exploration of 
whether MIA-induced phenotypes are mediated by shared or divergent 
pathways across sexes. Since early adolescence is a critical period of 
synaptic pruning and stabilization in rodents, synaptic and neuro
inflammatory markers were examined in hippocampus, a vulnerable 
area in MIA models (Ito et al., 2010; Oh-Nishi et al., 2010; Sal-Sarria 
et al., 2024) at postnatal day 28 (PND 28). This time point was indeed 
selected to assess early MIA molecular alterations as well as the potential 
preventive activity of anti-IL17A.

2. Materials and methods

2.1. Animals and treatments

Experimental procedures were approved by the Italian Ministry of 
Health (authorization no. 279/2023-PR) in full compliance with 
Directive 2010/63/EU. Six-week-old female and male CD1 mice 
(ENVIGO San Pietro al Natisone, Italy) were housed under standard 
conditions (temperature 21 ± 1 ◦C and relative humidity 60 ± 10%) 
with a 12:12 reversed light cycle (lights on at 7:00P.M.), with a density 
of 2 animals per cage.

After 2 weeks of habituation, the animals were bred (two females 
with one male), and females were checked twice daily for the presence 
of vaginal plug, designated as gestational day 0.5 (GD 0.5). At GD 12.5 
pregnant mice were randomly divided in two groups: one group received 
a single intraperitoneal (i.p.) injection of 20 mg/kg Poly(I:C) (0.01 ml/g, 
InvivoGen Low Molecular Weight Poly I:C Lot#5936–45–0), while the 
other group received an equivalent volume of saline (0.9% NaCl). This 
dose was selected based on established MIA protocols, including our 
prior studies (Cipriani et al., 2022; Tartaglione et al., 2022), to elicit a 
neuroinflammatory response and reproducible ASD-like behavioral 
phenotypes in the offspring. On GD 13.5, each group was further sub
divided to receive a second i.p. injection of either a monoclonal IL17A 
blocking antibody (clone 50104; R&D) or an isotype control antibody 
(clone 54447; R&D), both at a dose of 500 µg per mouse. The day of birth 
was designated as PND 0. Dam body weight after treatments, litter size, 
sex ratio, and mean pup body weight at PND 1 were recorded to assess 
potential effects of Poly(I:C) or IL17A antibody on gestational and 
reproductive performance. To minimize variability related to litter size, 
litters were culled to ten pups, maintaining, whenever possible, an equal 
sex ratio of five males and five females. Offspring were weaned at PND 
21. For each analysis, only one pup per sex from each litter was used to 
limit the litter effect. A schematic representation of experimental design 
is presented in Fig. 1.

2.2. Behavioral testing

All behavioral tests, except for the open-field test, which was auto
matically tracked using ANY-maze software (Stoelting Europe, Dublin, 
Ireland), were video recorded and subsequently analyzed using The 
Observer XT-17 software (Noldus, Wageningen, The Netherlands).

2.2.1. Cohort 1: Neonatal assessment
Cohort 1 (n = 86) comprised male (M) and female (F) animals from 

four experimental groups: C (n = 10 M, 10 F); C-Ab (n = 10 M, 10 F); 
MIA (n = 10 M, 10 F); and MIA-Ab (n = 13 M, 13 F).

Both male and female pups were assessed for spontaneous motor 
activity and ultrasonic vocalizations (USVs) on PND 4, 7, and 10, as 
previously described (Tartaglione et al., 2019).

On each testing day, a single pup was placed in an empty glass 
container (diameter: 5 cm; height: 10 cm) positioned inside a sound- 
attenuating Styrofoam box for a 3-minute observation period. An ul
trasound microphone (Avisoft UltrasoundGate CM16 condenser micro
phone capsule, Avisoft Bioacoustics, Berlin, Germany), sensitive to 
frequencies between 10 and 180 kHz, was inserted from above through 
an opening in the box cover, approximately 20 cm above the pup, to 
record USVs. Motor patterns analyzed included pivoting (laterally 
directed movements involving the forelimbs alone), locomotion (activ
ity involving both forelimbs and hindlimbs), and curling (side-to-side 
rolling movements on the back). USVs emitted were quantified using 
DeepSqueak (Coffey et al., 2019).

On PND 12, pups underwent the homing test to assess their ability to 
seek and recognize familiar olfactory cues. After 30-min isolation 
period, each pup was placed in a polycarbonate cage (29.5 × 13 × 11.5 
cm) with the floor three-quarters covered with clean bedding, leaving 
the remaining quarter filled with bedding collected from the pup’s home 
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cage (the “nest area”) to provide a familiar scent cue. The pup was 
placed opposite the nest area, and latency to reach it was recorded, with 
a 3-min cutoff.

2.2.2. Cohort 2: Early adolescence assessment
Cohort 2 (n = 63) comprised animals of both sexes from four 

experimental groups: C (n = 8 M, 8 F); C-Ab (n = 8 M, 8 F); MIA (n = 8 
M, 7 F); and MIA-Ab (n = 8 M, 8 F).

At PND 23, repetitive behavior was assessed using the grooming test. 
Each mouse was placed into a clean cage (29.5 × 13 × 11.5 cm) covered 
with a thin layer of clean sawdust to minimize excessive digging. After 
10 min of habituation, the number of self-grooming episodes (i.e., bouts 
> 7 s) and time spent grooming were recorded during the following 10 
min. In addition, the number of transitions between grooming body 
regions (i.e., paws/nose, head, body, anogenital/tail) relative to the 
total number of bouts was analyzed.

After a 20-minute grooming test session, a social stimulus, a 
conspecific of the same age and sex who had been previously isolated in 
a separate cage for 15 min, was introduced into the test cage for an 
additional 5 min. The following parameters were analyzed: duration of 
sniffing the social stimulus (categorized as head, body, and anogenital 
sniffing), self-grooming, and the total USVs emitted.

2.2.3. Cohort 3: Early to late adolescence assessment
Cohort 3 (n = 86) comprised animals of both sexes from four 

experimental groups: C (n = 10 M, 10 F); C-Ab (n = 9 M, 10 F); MIA (n =
11 M, 11 F); and MIA-Ab (n = 13 M, 12 F).

At PND 28 and 35, animals underwent social interaction and 
grooming tests, respectively. Protocols and equipment were identical to 
those for Cohort 2, except that the social interaction test used a 
treatment-matched conspecific rather than a control mouse.

To further assess repetitive behavior, mice were subjected to the 
marble burying test at PND 48 (Coppola et al., 2026). The test was 
conducted in a clean cage (36 × 20.5 × 18.5 cm) filled with sawdust 
bedding to a depth of 5 cm, with twenty identical blue glass marbles 
(1.2 cm diameter) arranged in a 4 × 5 matrix on the bedding surface. 
Each mouse was placed in the center of the cage and allowed to explore 
freely for 30 min. The number of marbles buried during the test was 
recorded. A marble was considered buried when more than two-thirds of 
its surface area was covered by sawdust.

To evaluate locomotor activity and anxiety-like behavior, mice were 
tested in the open-field test at PND 52 (Tartaglione et al., 2022). The 
apparatus consisted of a black Plexiglas box (40 × 40 × 40 cm), with the 
arena virtually divided into central and peripheral zones. Each animal 
was placed in a corner of the box and allowed to explore for 10 min. 

Distance traveled and time spent in each zone were automatically 
recorded. To evaluate social approach and preference, mice underwent 
the three-chamber social test at PND 59. The apparatus consisted of a 
Plexiglas box (60 × 40 × 40 cm) divided into three interconnected 
chambers. After an 8-minute habituation to the empty apparatus, the 
subject was confined to the center chamber. An object enclosed in an 
inverted wire cup was placed in one side chamber, while an unfamiliar, 
age- and sex-matched mouse was enclosed under an identical wire cup in 
the opposite chamber. The subject was then allowed to explore all 
chambers for 3 min. The locations of the object and social stimulus were 
counterbalanced across subjects. Time spent in each chamber and time 
sniffing each cup were recorded. Sociability preference index (%) was 
calculated using the following formula: (S/(S + O)) × 100 where S =
time sniffing social stimulus/time spent in social chamber and O = time 
sniffing object/time spent in object chamber.

2.3. Sample collection

At PND 28, mice from Cohort 2 were euthanized by decapitation, and 
blood and hippocampal tissues were collected. This time point was 
selected to capture an early adolescent phase at which hippocampal 
synaptic refinement is still prominent (Filipello et al., 2018; Milbocker 
et al., 2021; Paolicelli et al., 2011; Semple et al., 2013), during which the 
MIA effects on synaptic development are particularly evident (Dutra 
et al., 2023; Mirabella et al., 2021; Oh-Nishi et al., 2010).

Blood samples were collected in EDTA-coated tubes and centrifuged 
(1100 × g, 15 min, 4 ◦C). The resulting plasma and hippocampal sam
ples were stored at − 80 ◦C until further analyses or immediately fixed in 
paraformaldehyde (4% in PBS) for immunofluorescence investigation.

2.4. Preparation of hippocampus protein extracts

Aliquots (15 mg) of frozen hippocampus were homogenized in seven 
volumes of RIPA buffer (150 mM NaCl, 50 mM Tris- HCl pH 8.0, 0.5% 
sodium deoxycholate, 0.5% NP-40, 0.1% SDS) containing 1% Protease 
Inhibitor Cocktail and 1% Phosphatase Inhibitor Cocktail (Euroclone, 
Milan, Italy) as previously reported (Spagnuolo et al., 2014).

2.5. ELISA

Plasma and hippocampus concentrations of tumor necrosis factor- 
alpha (TNF-alpha) and interleukin-6 (IL-6) were assessed using a sand
wich enzyme-linked immunosorbent assay (R&D Systems, Minneapolis, 
MN, USA) specific for mouse, in agreement with the manufacturer in
structions, in samples dilutes 1:15 (plasma) or 1:80 (hippocampus). 

Fig. 1. Timeline of the experimental design. Pregnant dams received Poly(I:C) or saline on gestational day (GD) 12.5, followed by IL17A blocking antibody or 
isotype control on GD 13.5, yielding four groups: (C) saline/Isotype control; (MIA) Poly(I:C)/isotype control; (C-Ab) saline/anti-IL17A; (MIA-Ab) Poly(I:C)/anti- 
IL17A. Offspring of both sexes were assigned to three cohorts, each undergoing behavioral testing at distinct developmental stages: neonatal (Cohort 1; postnatal 
day, PND 4–10), early adolescence (Cohort 2; PND 23, followed by molecular analyses at PND 28), and early to late adolescence (Cohort 3; PND 28–59).
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IL17A was titrated, in samples dilutes 1:20 (plasma) or 1:60 (hippo
campus), using a sandwich enzyme-linked immunosorbent assay (Bio
legend, San Diego, CA, USA) specific for mouse, in agreement with the 
manufacturer instructions.

2.6. Western blotting

Denaturing and reducing electrophoresis of hippocampal extracts 
(Spagnuolo et al., 2018) was carried out on 12.5% polyacrylamide gels 
to titrate post-synaptic density protein 95 (PSD-95), synaptosome- 
associated protein 25 (SNAP-25), synaptotagmin, brain derived neuro
trophic factor (BDNF), fractalkine receptor (CX3CR1), apolipoprotein E 
(ApoE) or on 10% to assay toll-like receptor-4 (TLR4), myeloid differ
entiation factor 88 (MyD88), nuclear factor kappa-light-chain-enhancer 
of activated B cells (NFkB), glial fibrillary acidic protein (GFAP), N- 
methyl-D-aspartic acid receptor (NMDA-R), liver X receptor (LXR), ABC 
Transporter A1 (ABCA-1). Proteins blotting onto nitrocellulose mem
brane (Amersham Protran; Euroclone, Milan, Italy), washing and 
blocking steps were carried out according to previously published pro
cedures (Spagnuolo et al., 2018). After blocking, the membranes were 
incubated with primary antibodies (overnight, at 4 ◦C), washed and then 
treated (1 h, at 37 ◦C) with the appropriate peroxidase-conjugated sec
ondary antibodies (Supplementary Table 1). The amount of phosphor
ylated NFkB was expressed as relative to total NFkB, so, after revelation 
of the immunocomplexes, the membranes were submerged in stripping 
buffer (1% SDS, 25 mM Glycine, pH 2; 30 min, 37 ◦C) (Spagnuolo et al., 
2018), extensively washed, and then incubated with the specific anti
body for the total form of NFkB (Supplementary Table 1). For loading 
control, after detection of each antigen, the membranes were stripped 
and incubated (overnight, 4 ◦C) with mouse anti-β-actin IgG followed by 
goat anti mouse (GAM)-HRP IgG (see Supplementary Table 1). Signal 
detection was carried out using the Excellent Chemiluminescent Kit 
from Elabscience (cat# E-IR-R301). Densitometric analysis of chemidoc 
or digital images of X-ray films exposed to immunostained membranes 
was performed with Un-Scan-It gel software (Silk Scientific, UT, USA). 
Most gels were run with sex matched samples. When male and female 
samples were run on separated gels, at least one sample from the 
opposite sex was loaded, as reference point, to allow for normalization 
across gels and enable statistical comparison between male and female 
groups.

2.7. Immunofluorescence analysis

Hippocampus was isolated, fixed in paraformaldehyde (4% in PBS) 
dehydrated in a series of increasing concentrations of alcohol, and 
embedded in paraffin. The immunodetection was carried out on sections 
(5 µm thick) of dentate gyrus with a rabbit anti-Iba 1 antibody (Cell 
Signaling Technology) diluted 1:200 in blocking solution (PBS-Tween 
0.1% − BSA 3%; overnight at 4 ◦C) and an anti-rabbit secondary anti
body conjugated to Dylight 594 (ImmunoReagents, Raleigh, USA; cat # 
GtxRb-003-D594NHSX; diluted 1:200 in blocking solution; 1 h at room 
temperature). Sections 5 µm thick were mounted on poly-lysine-coated 
slides, deparaffinized, rehydrated, and brought to water. The slides were 
mounted with Mowiol and observed under a Zeiss Axioskop fluorescence 
microscope; the images were acquired with Zeiss ZEN 3.8 software. For 
each sample, five photographic fields acquired at 20x magnification 
were analyzed. The analysis of relative fluorescence intensity was car
ried out with Image J software: integrated density values were compared 
and plotted on graphs, expressed in arbitrary units.

2.8. Statistical analysis

Data were analyzed using GraphPad Prism 9.3.1 (GraphPad Soft
ware, San Diego, CA, USA). Depending on the distribution of the 
response variable, data were analyzed using either a three-way ANOVA 
with condition (saline vs Poly(I:C)), treatment (isotype vs anti-IL17A), 

and sex (male vs female) as fixed independent variables (including 
repeated measures for PND during neonatal testing) or a Kruskal–Wallis 
test. Post hoc analyses for multiple comparisons were performed using 
Tukey’s or Dunn’s tests, respectively. One-sample t-test versus chance 
level, followed by Bonferroni correction, were also applied. Spearman 
correlations were conducted to evaluate the relationships between mo
lecular markers and behavioral parameters, either across all animals 
irrespective of condition and treatment, stratified by sex, or within each 
condition and treatment group for each sex.

3. Results

3.1. MIA affects early motor patterns in male offspring with modulation 
by anti-IL17A treatment

Gestational Poly(I:C) administration, anti-IL17A treatment, or their 
interaction did not significantly influence gestation length, litter size, 
sex ratio, or pup body weight on PND 1 (Supplementary Fig. 1). Analysis 
of spontaneous motor activity from PND 4 to PND 10 (Cohort 1) 
revealed a selective effect of MIA on the duration of curling, defined as 
vigorous side-to-side rolling movements performed by the pup while 
lying on its back, and pivoting, an immature motor pattern progressively 
replaced by quadrupedal locomotion during development.

Curling analysis was focused on PND 4, as this behavior was very 
sporadic or absent at PND 7 and PND 10, coinciding with the progressive 
development of motor coordination. MIA significantly increased the 
curling duration in offspring of both sexes [main effect of condition, F 
(1,74) = 4.784, p = 0.0319], regardless of treatment. This motor pattern 
was not significantly modulated by anti-IL17A [main effect of treatment, 
F(1,38) = 3.441, p = 0.0714, Fig. 2A]. Moreover, pivoting duration was 
significantly increased in male MIA offspring compared to controls 
across the PNDs [MIA males vs C males: p < 0.05 following Tukey’s test, 
condition × treatment × sex interaction, F(1,77) = 4.105, p = 0.0462, 
Fig. 2B], indicating a hyperactivity-like phenotype that was not pre
vented by anti-IL17A treatment.

By contrast, a modulatory effect of the anti-IL17A was observed on 
quadrupedal locomotion, with treatment reducing its duration in fe
males but not in males [C-Ab and MIA-Ab females vs. C and MIA females: 
p < 0.01 following Tukey’s test, treatment × sex interaction, F(1,78) =
5.578, p = 0.0207, Fig. 2C]. Additionally, the number of USVs emitted 
during brief isolation from the dam and littermates, which is an early 
indicator of socio-communicative competence, was significantly 
reduced by anti-IL17A in animals of both sexes [main effect of treat
ment, F(1,78) = 10.248, p = 0.0020, Fig. 2D].

Neither MIA nor anti-IL17A affected the latency to reach the nest 
area in the Homing test at PND 12, indicating comparable abilities 
across experimental groups in seeking and recognizing an early salient 
social cue [H = 3.528, p = 0.8323, Supplementary Fig. 2].

3.2. Anti-IL17A treatment prevents ASD-like behavioral changes in MIA 
offspring

At the beginning of the post-weaning stage (PND 23, Cohort 2), MIA 
offspring did not exhibit significant ASD-like behavioral abnormalities, 
except for the increase in self-grooming observed exclusively in males, 
but during social interaction [p < 0.05 compared to C following Dunn’s 
test, H = 20.56, p = 0.0045]. This phenotype, indicative of heightened 
repetitive behaviors in response to social stimuli, was not reversed by 
anti-IL17A (Supplementary Fig. 3).

Given the significant main effect of sex and the absence of in
teractions with condition and/or treatment on self-grooming duration [F 
(1,77) = 4.836, p = 0.0309] in the grooming test (PND 35, Cohort 3), 
data were analyzed separately by sex. Specifically, MIA males, but not 
females, displayed elevated grooming levels compared to control males 
[main effect of condition, F(1,38) = 4.297, p = 0.0450, Fig. 3A], 
regardless of the treatment received, in a non-social environment. 
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Additionally, a main effect of treatment was observed, as anti-IL17A 
administration was associated with overall lower grooming levels [F 
(1,38) = 4.454, p = 0.0415, Fig. 3A]. Consistently, only MIA males 
showed a higher number of grooming transitions compared to control 
males, regardless of treatment [p < 0.05 following Tukey’s test, condi
tion × sex interaction, F(1,76) = 6.656, p = 0.0118]. Notably, anti- 
IL17A treatment was associated with fewer transitions in males but 
not in females [C-Ab and MIA-Ab males vs. C and MIA males: p < 0.05 
following Tukey’s test, treatment × sex interaction, F(1,76) = 5.614, p 
= 0.0204, Fig. 3B]. Interestingly, the impact of MIA condition and anti- 
IL17A on self-grooming in males was not reflected in repetitive behav
iors assessed by the marble burying test, where no significant effect on 
the number of marbles buried was observed (Supplementary Fig. 4).

Similarly to Cohort 2, animals within this cohort, paired with social 
partners matched by treatment group to detect even subtle variations in 
reciprocal social interaction, did not exhibit social and communicative 
deficits (Supplementary Fig. 4).

In late adolescence, social preference was assessed in the three- 
chamber social test. A main effect of treatment on the social prefer
ence index was observed [F(1, 68) = 6.160, p = 0.0155, Fig. 3C], with 
anti-IL17A-treated mice of both sexes showing higher preference for the 
social stimulus than those receiving isotype control. As expected, control 
male mice exhibited a preference for the social stimulus over the object 
[C: t(8) = 4.422, p = 0.0022, p adj = 0.0176 vs. 50% chance level; C-Ab: 
t(8) = 3.301, p = 0.0108, p adj = 0.0864]. MIA condition in males 
induced a marked deficit in social preference [MIA: t(8) = 1.153, p =
0.2822, p adj = 2.2576], which was prevented by anti-IL17A [MIA-Ab: t 
(11) = 4.027, p = 0.0020, p adj = 0.0161]. A similar pattern was 
observed in females [C: t(7) = 6.721, p = 0.0003, p adj = 0.0024; C-Ab: t 

(9) = 6.482, p = 0.0001, p adj = 0.0008; MIA: t(8) = 2.117, p = 0.0672, 
p adj = 0.5376; MIA-Ab: t(9) = 4.542, p = 0.0014, p adj = 0.0112 vs. 
50% chance level, Fig. 3C].

Total distance traveled and time spent in the open-field centre were 
unaffected by MIA or anti-IL17A (Fig. 3D–E), indicating that the three- 
chamber effects were specific to the social domain rather than to 
altered locomotion or anxiety-like behavior.

3.3. Anti-IL17A treatment prevents MIA-induced decrease of synaptic 
function markers

Previous studies revealed hippocampal synaptic dysregulation in 
MIA offspring (Page et al., 2021; Yotova et al., 2024). Early MIA-induced 
synaptic protein alterations in male and female offspring and the puta
tive efficacy of anti-IL17A were therefore investigated.

Within each sex, the amount of the mature form of BDNF, a key 
neurotrophin involved in a wide range of neurophysiological processes 
including synaptic protein expression (Barde, 2025), was reduced in 
hippocampus of MIA compared to C mice [p < 0.01 following Tukey’s 
test, Fig. 4A]. Importantly, anti-IL17A prevented BDNF level changes in 
MIA male and female offspring [p < 0.01following Tukey’s test; con
dition × treatment interaction, F (1,52) = 19.31, p < 0.0001, Fig. 4A] 
but had no effect in controls.

We also evaluated the amounts of two pre-synaptic proteins, namely 
SNAP-25 and synaptotagmin I, and the post-synaptic protein PSD-95, 
which plays a relevant role in synaptic plasticity (Won et al., 2017). 
These proteins were lower in MIA than in C mice [p < 0.01 following 
Tukey’s test, Fig. 4B–D], and anti-IL17A was able to prevent MIA- 
induced reduction, as higher levels were found in MIA-Ab compared 

Fig. 2. Cohort 1_Spontaneous motor activity and ultrasonic vocalizations (USVs) at postnatal days (PND) 4, 7, and 10. Curling duration at PND 4 (A). 
Pivoting duration across PNDs (B). Locomotion duration across PNDs (C). Number of USVs across PNDs (D). Data are presented as mean ± SEM, with individual data 
points shown as dots; n = 10–13 per group/sex; C: saline/isotype control, MIA: Poly(I:C)/isotype control, C-Ab: saline/anti-IL17A, MIA-Ab: Poly(I:C)/anti-IL17A. *p 
< 0.05, MIA and MIA-Ab vs. C and C-Ab (A); *p < 0.05 MIA males vs C males (B); ##p < 0.01, C-Ab and MIA-Ab females vs. C and MIA females (C); ##p < 0.01, C-Ab 
and MIA-Ab vs. C and MIA (D) (Three-way ANOVA followed by Tukey’s post-hoc test).
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to MIA mice, regardless the sex [SNAP-25: p < 0.01 following Tukey’s 
test, condition × treatment interaction, F (1,53) = 31.55, p < 0.0001, 

Fig. 4B; synaptotagmin: p < 0.01 following Tukey’s test, condition ×
treatment interaction, F (1,53) = 47.35, p < 0.0001, Fig. 4C; PSD-95: p 

Fig. 3. Cohort 3_Behavioral assessment from postnatal day (PND) 28 to 59. Self-grooming duration (A) and number of transitions/bouts in the grooming test (B); 
social preference index in the three-chamber social test (C); distance travelled (D) and time spent in the centre area (E) in the open-field test. Data are presented as 
mean + SEM, with individual data points shown as dots; n = 9–13 per group/sex; C: saline/isotype control, MIA: Poly(I:C)/isotype control, C-Ab: saline/anti-IL17A, 
MIA-Ab: Poly(I:C)/anti-IL17A. *p < 0.05, C-Ab and MIA-Ab males vs. C and MIA males; #p < 0.05, C-Ab and MIA-Ab males vs. C and MIA males (A, Two-way 
ANOVA); *p < 0.05, MIA and MIA-Ab males vs. C and C-Ab males; #p < 0.05, C-Ab and MIA-Ab males vs. C and MIA males (B, Three-way ANOVA followed by 
Tukey’s post-hoc test); *p < 0.05, **p < 0.01, one-sample t-test (vs. 50% chance level) followed by Bonferroni correction (C).

Fig. 4. Markers of hippocampus plasticity. Mature form of brain derived neurotrophic factor (BDNF; A), synaptosome-associated protein (SNAP-25; B), syn
aptotagmin (C), postsynaptic density protein 95 (PSD-95; D), N-methyl-D-aspartic acid receptor (NMDA-R; E). Representative blots (normalized to controls) of 
hippocampus from offspring prenatally treated with (C) saline/isotype control, (MIA) Poly(I:C)/isotype control, (C-Ab) saline/anti-IL17A, or (MIA-Ab) Poly(I:C)/ 
anti-IL17A are shown. Data are presented as mean + SEM, with individual data points shown as dots; n = 7–8 per group/sex. **p < 0.01 (Three-way ANOVA 
followed by Tukey’s post-hoc test).
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< 0.01 following Tukey’s test, condition × treatment interaction, F 
(1,54) = 13.82, p = 0.0005, Fig. 4D]. No anti-IL17A effect was observed 
in controls (Fig. 4B-D).

Finally, the amount of the NMDA receptor subtype ε2 (GluN2B, 
herein indicated as NMDA-R), fundamental for dendritic morphology 
and synaptic function (Keith et al., 2019; Reiner and Levitz, 2018), was 
lower in MIA animals compared to controls [p < 0.01 following Tukey’s 
test, Fig. 4E] with anti-IL17A preventing this reduction in MIA-Ab mice 
[p < 0.01 following Tukey’s test, condition × treatment interaction, F 
(1,54) = 22.79, p < 0.0001, Fig. 4E]. The administration of anti-IL17A 
to controls did not affect this receptor.

3.4. MIA does not affect cholesterol homeostasis markers in offspring

Since alterations of the protein network regulating cholesterol 
metabolism have been described in ASD (Cartocci et al., 2018; Cartocci 
et al., 2019; Servadio et al., 2016; Wu et al., 2017) and associated with 
synaptic signaling disturbance (Cartocci et al., 2018), we investigated 
whether cholesterol dysregulation occurs in MIA offspring. To this aim, 
hippocampal levels of ApoE, a key modulator of cholesterol trafficking 
(Pfrieger and Ungerer, 2011; Yang et al., 2023), LXR-beta, the regulator 
of ApoE expression (Courtney and Landreth, 2016), and ABCA-1, 
involved in cholesterol efflux and ApoE lipidation (Kim et al., 2007) 
were measured. Cholesterol metabolism markers were not affected in 
hippocampus of MIA offspring compared to controls (Fig. 5A–C), sug
gesting that, differently from other ASD models, cholesterol metabolism 
markers are not affected in hippocampus of MIA offspring.

3.5. Anti-IL17A treatment prevents MIA-induced neuroinflammation

As MIA induces a prominent neuroinflammatory response in the 
offspring (Osman et al., 2024; Pendyala et al., 2017), the effect of pre
natal anti-IL17A on multiple key mediators of this pathway was then 
investigated in the hippocampus. MIA offspring of both sexes showed 
increased NFkB phosphorylation [used as marker of its activation; p <
0.01 following Tukey’s test, condition × treatment interaction, F (1,50) 
= 15.93, p = 0.0002, Fig. 6A], along with higher concentrations of TNF- 
alpha [p < 0.01 following Tukey’s test, condition × treatment interac
tion, F (1,48) = 21.11, p < 0.0001, Fig. 6B] and IL-6 [p < 0.01 following 
Tukey’s test, condition × treatment interaction, F (1,44) = 58.57, 
Fig. 6C] compared to C mice. These rises were prevented by anti-IL17A 
administration both in males and in females, as indicated by reduced p- 
NFkB/NFkB, TNF-alpha, and IL-6 levels in MIA-Ab compared to MIA 
mice [all p < 0.01 following Tukey’s test, Fig. 6A-C].

To go further insight into the mechanistic impact of IL17A on neu
roinflammation development, its protein level was titrated in 

hippocampus and, within each sex, a higher amount of IL17A was found 
in MIA compared to C mice [p < 0.01 for each sex following Tukey’s test, 
condition × treatment × sex interaction, F (1,42) = 31.53, p < 0.0001, 
Fig. 6D], in line with previous reports (Choi et al., 2016; Fan et al., 2024; 
Gillespie et al., 2024; Wang et al., 2025). Anti-IL17A prevented this 
change in MIA offspring validating the efficacy of this strategy of 
intervention [p < 0.01 for each sex following Tukey’s test, Fig. 6D] 
without affecting controls. Notably, IL17A was significantly higher in 
females than in males within each group [all p < 0.01 following Tukey’s 
test].

Further, since hippocampal TLR4 gene upregulation has been re
ported in MIA-exposed offspring (Talukdar et al., 2021), we investigated 
whether changes of this receptor were associated to the observed in
flammatory condition in our model. Interestingly, higher amounts of 
TLR4 and MyD88, a downstream protein of TLR4 signaling pathway, as 
well as GFAP, a marker of astrogliosis, were found in MIA compared to C 
mice [TLR4: p < 0.01 following Tukey’s test, condition × treatment 
interaction, F (1,50) = 23.15, p < 0.0001, Fig. 7A; MyD88: p < 0.01 
following Tukey’s test, condition x treatment interaction, F (1,55) =
15.11, p = 0.0003, Fig. 7B; GFAP: p < 0.01 following Tukey’s test, 
condition x treatment interaction, F (1,54) = 14.91, p = 0.0003, 
Fig. 7C]. Notably, MIA-induced inflammatory pathway activation was 
prevented by anti-IL17A [all markers: p < 0.01 following Tukey’s test].

Also, the CX3CR1 receptor level was higher in MIA compared to C 
group [p < 0.01 following Tukey’s test, condition × treatment interac
tion, F (1, 50) = 63.34, p < 0.0001, Fig. 7D], and prenatal IL17A 
blockade was able to significantly prevent its increase [p < 0.01 
following Tukey’s test].

Further, the expression of Iba1, a critical biomarker of microglia 
activation, was increased in MIA compared to C mice [p < 0.01 
following Tukey’s test, condition × treatment interaction, F (1,16) =
62.06, p < 0.0001, Fig. 8] and anti-IL17A was again effective in pre
venting this increase [p < 0.01 following Tukey’s test].

Interestingly, neuroinflammation markers did not differ between C 
and C-Ab group (Figs. 6–8), providing evidence that anti-IL17A pre
vented neuroinflammation in MIA offspring without perturbing hippo
campal status in control mice.

3.6. MIA is associated with IL17A levels increase in offspring plasma

Brain inflammation could derive from systemic inflammation, since 
increased concentration of molecular mediators of inflammation in 
systemic blood can drive their increase also in the brain (D'Mello et al., 
2009; Huang et al., 2018; Paouri and Georgopoulos, 2019). In both 
sexes, plasma IL17A levels were significantly higher in MIA compared to 
C mice [p < 0.01 for each sex following Tukey’s test, condition ×

Fig. 5. Markers of cholesterol homeostasis. Apolipoprotein E (ApoE; A), liver X receptor (LXR; B), ABC Transporter A1 (ABCA-1; C) (with representative blots, 
normalized to controls) in the hippocampus from offspring prenatally treated with (C) saline/isotype control, (MIA) Poly(I:C)/isotype control, (C-Ab) saline/ anti- 
IL17A, or (MIA-Ab) Poly(I:C)/anti-IL17A are shown. Data are presented as mean + SEM, with individual data points shown as dots; n = 6–8 per group/sex.
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treatment × sex interaction, F (1,41) = 20.80, p < 0.0001, Fig. 9A], with 
anti-IL17A preventing the cytokine increase in MIA offspring [p < 0.01 
for each sex following Tukey’s test]. Interestingly, while females 
exhibited significantly higher IL17A levels than males under control 
conditions [p < 0.05 following Tukey’s test], in line with data described 
in humans (Binayke et al., 2025; Blanco et al., 2013; Guerrero-Garcia 
Jde et al., 2016; Newcomb et al., 2015; Sankaran-Walters et al., 
2013), these sex-specific differences were no longer detectable following 
MIA. Notably, anti-IL17A treatment normalized cytokine levels and 
effectively restored the physiological sexual dimorphism [p < 0.01 
following Tukey’s test].

To provide a broader characterization of the systemic inflammatory 
status of MIA offspring, plasma levels of TNF-alpha and IL-6 were 
measured. Although no differences in plasma TNF-alpha levels between 
C and MIA groups were observed, significant sex differences were 
detected, with males exhibiting higher levels than females [main effect 
of sex, F (1,49) = 68.68, p < 0.0001, Fig. 9B], in agreement with pre
vious reports (Asai et al., 2001; Bernardi et al., 2020; Yuan et al., 2015).

Finally, although IL-6 concentrations did not differ between C and 
MIA groups, they were significantly decreased by anti-IL17A [main ef
fect of treatment, F (1, 45) = 22.68, p < 0.0001, Fig. 9C], particularly in 
females [p < 0.01 vs. isotype-treated females and anti-IL17A − treated 
males following Tukey’s test, treatment × sex interaction F (1,45) =
3.459, p = 0.0694].

3.7. Associations between selected behavioral and molecular indexes

To gain insights into the potential involvement of early molecular 
changes in the observed behavioral phenotype, correlation analyses 
were performed between self-grooming duration in the social encounter 
with a sex- and age-matched conspecific and relevant molecular 

measures at the same developmental stage. Significant correlations were 
observed with levels of the proinflammatory cytokines IL-6 and IL17A, 
the neurotrophin BDNF, and the postsynaptic protein PSD-95 (Supple
mentary Fig. 5A-B). In males, self-grooming was positively correlated 
with hippocampal IL-6 and IL17A levels (r = 0.56, p = 0.001; r = 0.42, p 
= 0.041, respectively), whereas it was negatively correlated with PSD- 
95 (r = -0.568, p = 0.001). In females, self-grooming was positively 
correlated with plasma IL-6 and IL17A levels (r = 0.557, p = 0.003; r =
0.663, p = 0.001, respectively). In both sexes, self-grooming tended to 
be negatively correlated with BDNF (males: r = -0.348, p = 0.055; fe
males: r = -0.366, p = 0.056). When attempting to investigate these 
associations within each experimental group and sex, no significant 
correlations were observed (Supplementary Tables 2 and 3).

4. Discussion

In this study, we mainly focused on the efficacy of anti-IL17A 
administration in preventing MIA-associated changes in key markers 
of synaptic function during early adolescence (PND 28) of male and 
female offspring, extending behavioral analysis from early infancy to 
late adolescence.

Here, we provide evidence that a single administration of anti-IL17A, 
delivered 24 h after MIA induction in pregnant mice, is sufficient to 
attenuate both early and long-lasting behavioral alterations induced by 
MIA. Atypical motor development is frequently reported in ASD in
dividuals and often serves as an early indicator of this condition, as 
motor abnormalities typically precede the onset of social or cognitive 
impairments (Wilson et al., 2018). Consistently, we observed early and 
transient motor abnormalities in MIA-exposed male mice, characterized 
by hyperactivity and reduced motor control, neither of which was 
modulated by anti-IL17A treatment.

Fig. 6. NFkB pathway activation. Phosphorylated NFkB/NFkB ratio (protein content with representative blots, normalized to controls; A), concentrations of tumor 
necrosis factor alpha (TNF-alpha; B), interleukin 6 (IL-6; C), and interleukin 17A (IL17A; D), in the hippocampus from offspring prenatally treated with (C) saline/ 
isotype control, (MIA) Poly(I:C)/isotype control, (C-Ab) saline/anti-IL17A, or (MIA-Ab) Poly(I:C)/anti-IL17A are shown. Data are presented as mean + SEM, with 
individual data points shown as dots; n = 6–8 per group/sex. **p < 0.001 (Three-way ANOVA followed by Tukey’s post-hoc test).
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At early adolescence (PND 23), MIA-exposed animals did not display 
overt alterations in behavioral domains typically associated with ASD, 
such as repetitive behaviors and social approach deficits that emerged 
only at later ages between PND 35 and 59. Specifically, male MIA 
offspring exhibited increased self-grooming, indicative of repetitive 
behavior, whereas both sexes displayed no preference for interacting 
with a sex-matched social partner over an inanimate object. Remark
ably, anti-IL17A treatment conferred a protective effect against these 
MIA-induced impairments. The sex differences in repetitive behaviors 
align with studies on BTBR mice, a validated mouse model of idiopathic 
autism (Amodeo et al., 2019; Bove et al., 2024), as well as in the MIA 
model itself (Ruskin et al., 2017; Xuan and Hampson, 2014) where male 
mice, but not females, displayed increased self-grooming despite com
parable levels of social interaction. In our study, this elevated self- 
grooming was not paralleled by increased marble burying, another 
common measure of repetitive behavior. This dissociation, reported in 
other studies (Fernandez de Cossio et al., 2017; Sungur et al., 2014; 
Zanda et al., 2017), highlights limitations in their interchangeable use. 
Indeed, marble burying primarily reflects exploratory digging, encom
passing both marble-oriented and displacement digging, without a clear 
habituation profile over time (Coppola et al., 2026; Thomas et al., 2009), 
whereas self-grooming is a self-directed behavior that more directly 
captures striatal dysfunction-driven repetitive patterns, as seen in ASD 
mouse models (Kalueff et al., 2016; Peca et al., 2011). Consistent with 
this distinction, we recently found no correlation between marble 
burying and self-grooming or other parameters of restricted and repet
itive behaviors (Coppola et al., 2026).

Of note, we also observed subtle behavioral alterations (i.e., reduced 
self-grooming and social preference) in control offspring treated with 
anti-IL17A, specifically in males, potentially pointing to a role for IL17A 
signaling in physiological brain development. Consistent with this, 
Ribeiro et al., (2019) reported deficits in short-term memory and syn
aptic plasticity in mice lacking γδ T cells, a major source of IL17A in the 
brain meninges at steady state, or the IL17A cytokine itself (Ribeiro 
et al., 2019). Thus, IL17A might play a dual role, potentially benefi
cial under physiological conditions that warrants further investigation, 
but detrimental when excessively produced during inflammation, 
thereby contributing to neuroinflammatory pathogenesis and poten
tially to neurological and psychiatric disorders.

This study is the first, to our knowledge, to demonstrate that 
administration of anti-IL17A one day after MIA induction alleviates 
social deficits in offspring. In contrast, anti‑IL17A administration two 
days after MIA induction has been reported to attenuate stereotyped 
behaviors without rescuing social impairments (Choi et al., 2016). The 
absence of an ASD-like behavioral phenotype at PND 23 is consistent 
with findings showing that animals at PND 28 still exhibited typical 
behavior, without ASD-like abnormalities (Dutra et al., 2023). Notably, 
in our study, 23-day-old MIA mice did not show increased self-grooming 
in an empty cage, but they displayed significantly elevated self- 
grooming upon exposure to a social stimulus. This behavioral pattern 
may indicate social discomfort and could potentially serve as an early 
indicator of subsequent impairments in social interaction. This evidence 
suggests that, at PND 28, ASD-like behavioral alterations induced by 
MIA have not yet fully manifested and prompted us to examine the 

Fig. 7. Markers of neuroinflammation. Toll-like receptor 4 (TLR4; A), myeloid differentiation primary response 88 protein (MyD88; B), glial fibrillar acidic protein 
(GFAP; C), fractalkine receptor (CX3CR1; D). Representative blots (normalized to controls) in the hippocampus from offspring prenatally treated with (C) saline/ 
isotype control, (MIA) Poly(I:C)/isotype control, (C-Ab) saline/anti-IL17A, or (MIA-Ab) Poly(I:C)/anti-IL17A are shown. Data are presented as mean + SEM, with 
individual data points shown as dots; n = 7–8 per group/sex. **p < 0.01 (Three-way ANOVA followed by Tukey’s post-hoc test).
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molecular mechanisms underlying this latent phase, with a particular focus on neuroimmune and synaptic pathways. In this context, it should 

Fig. 8. Immunofluorescence for Iba1-positive cells. Iba-1 (A) relative fluorescence intensity in the hippocampus from offspring prenatally treated with (C) saline/ 
isotype control, (MIA) Poly(I:C)/isotype control, (C-Ab) saline/anti-IL17A, or (MIA-Ab) Poly(I:C)/anti-IL17A is shown. Data are expressed as relative fluorescence 
intensity values (in arbitrary units). Each point represents mean + SEM from five photographic fields acquired at 20x magnification per each animal; n = 3 per group/ 
sex; **p < 0.01 (Three-way ANOVA followed by Tukey’s post-hoc test). B-I: representative images at fluorescence microscope showing the Iba-1 localization in C (B, 
males; F, females), MIA (C, males; G, females), C-Ab (D, males; H, females) and MIA-Ab (E, males; I, females).

Fig. 9. Markers of systemic inflammation. Interleukin 17A (IL17A; A), tumor necrosis factor alpha (TNF-alpha; B) and interleukin 6 (IL-6; C) concentrations in the 
hippocampus from offspring prenatally treated with (C) saline/isotype control, (MIA) Poly(I:C)/isotype control, (C-Ab) saline/anti-IL17A, or (MIA-Ab) Poly(I:C)/ 
anti-IL17A are shown. Data are presented as mean + SEM, with individual data points shown as dots; n = 6–7 per group/sex; *p < 0.05, **p < 0.01; ****p <
0.0001 (Three-way ANOVA followed by Tukey’s post-hoc test).
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be mentioned that the peripheral concentration of BDNF, a pivotal 
neurotrophin for neuroprotection, neurotransmitter modulation, and 
synaptic plasticity (Barde, 2025), has been proposed as a potential 
diagnostic marker of ASD, although several studies reported reduced 
serum levels in ASD subjects (Francis et al., 2018; Hashimoto et al., 
2006; Kasarpalkar et al., 2014; Taurines et al., 2014), while others re
ported increased levels (Barbosa et al., 2020; Bryn et al., 2015; Ricci 
et al., 2013; Zheng et al., 2016). Our data show that MIA was associated 
with decreased hippocampal levels of mature BDNF in offspring of both 
sexes, consistent with previous findings (Dutra et al., 2023; Giovanoli 
et al., 2015; Tartaglione et al., 2022). In line, decreased expression of 
both GluN2B-containing NMDA-R, which plays a critical role in synaptic 
plasticity and neurodevelopment (Ge and Wang, 2023; Paoletti et al., 
2013), and key proteins involved in synaptic plasticity, including SNAP- 
25, synaptotagmin, and PSD-95 was found (Giovanoli et al., 2016; Khalil 
et al., 2013) in the MIA model. Notably, prenatal anti-IL17A treatment 
prevented all hippocampal synaptic alterations in MIA offspring. The 
efficacy of the anti-IL17A could rely on attenuating MIA-induced neu
roinflammation, characterized by elevated inflammatory mediators, 
such as IL17A, increased astrogliosis (higher GFAP expression), and 
enhanced microglial activation (higher number of Iba1-positive cells). 
Consistent with previous evidence (Talukdar et al., 2021), we found 
higher amount of both TLR4 and its downstream effector MyD88 in MIA 
offspring. Hence, it can be hypothesized that the activation of TLR4 
pathway contributes to further fuel neuroinflammation in a positive 
loop, by potentiating NFkB signalling and microglial cells activation. 
Microglia is critically involved in physiological brain development, 
particularly in the process of synaptic pruning and plasticity (Gunner 
et al., 2019; Paolicelli et al., 2011; Schafer et al., 2012; Tremblay et al., 
2011; Weinhard et al., 2018), and this task is achieved in part via the 
chemokine fractalkine, which binds to microglial fractalkine receptor 
CX3CR1 (Paolicelli et al., 2014; Wolf et al., 2013). The finding of 
CX3CR1 protein upregulation suggests a MIA-induced fractalkine 
signaling perturbation, which is fully prevented by IL17A blockade. 
CX3CR1-dependent pathway represents a major form of neuron- 
microglia communication, crucial for limiting microglia activation and 
allowing correct neurogenesis and network formation (Mecca et al., 
2018). In this context, increased CX3CR1 correlated with neuro
behavioral impairment and microglia dysregulation (Duarte-Campos 
et al., 2024; Lebovitz et al., 2019). In our model, CX3CR1 overexpression 
is associated with decreased levels of synaptic proteins supporting an 
early impairment of synaptic status in MIA offspring. Consistently, 
neuroinflammation has been shown to exert deleterious effects on hip
pocampus neurogenesis and function, particularly at synaptic level 
(Andoh et al., 2019; Chugh et al., 2013; de Bartolomeis et al., 2022). 
Since CX3CR1 expression can be increased by NFkB signaling 
(Chandrasekar et al., 2003), the neuroinflammatory condition observed 
in MIA offspring could be potentiated by the alteration of CX3CR1 
signaling.

Our finding of increased hippocampal IL17A in MIA offspring is 
consistent with previous evidence from MIA models (Choi et al., 2016; 
Fan et al., 2024; Gillespie et al., 2024; Wang et al., 2025), while the 
reduction of IL17A following anti-IL17A supports the efficacy of the 
preventive strategy proposed in our study.

Of note, no behavioral changes have been observed in the early 
adolescent cohort, except for increased self-grooming during social 
interaction. In such perspective, self-grooming duration during the so
cial encounter was correlated with relevant molecular markers to obtain 
a preliminary indication of their involvement in the behavioral pheno
type at this developmental stage. Significant correlations emerged be
tween self-grooming and IL-6, IL17A, BDNF, and PSD-95. Previous 
studies highlighted that IL-6 may influence neurodevelopment by 
altering glutamatergic synapse formation and signaling (Mirabella et al., 
2021) while BDNF and PSD-95 are key mediators of synaptic maturation 
and plasticity, whose reduction has been linked to social deficits in ASD 
mouse models, including MIA (Coley and Gao, 2019; Scattoni et al., 

2013; Tartaglione et al., 2022). Together, these data suggest that even 
subtle behavioral changes may reflect underlying neuroimmune and 
synaptic disturbances triggered by MIA.

Notably, hippocampal neuroinflammation and microglia activation 
here observed could result in the disruption of cellular proteostasis 
(Pintado et al., 2017; Sonninen et al., 2020), which is known to trigger 
aging (Lopez-Otin et al., 2013) and has been linked to the pathogenesis 
of neurodevelopmental disorders (Winden et al., 2025). Further, hip
pocampal dysfunction could also impair the hypothalamic pituitary 
adrenal (HPA) axis (Buchanan et al., 2004; Buchanan et al., 2009; Cole 
et al., 2022; McKeon et al., 2022; Semple et al., 2013; Winden et al., 
2025), resulting in dysregulation of immune system and/or reproductive 
function (Bellavance and Rivest, 2014; Joseph and Whirledge, 2017; 
Nunez et al., 2025; Sorrells et al., 2009).

Furthermore, the lack of prominent behavioral and molecular sex 
differences following MIA in our study may reflect the developmental 
stages examined (early to late adolescence), as sex-specific effects often 
emerge later in adulthood (Gillespie et al., 2024; Hui et al., 2020; Yotova 
et al., 2024), possibly due to epigenetic and hormonal regulation 
(Gegenhuber et al., 2022; McCarthy and Nugent, 2013). Moreover, 
while we focused on ASD-like phenotypes, MIA has also been associated 
to deficits in sensorimotor gating, cognitive flexibility, and depressive- 
like behaviors, here not investigated, with sex differences reported in 
some studies (Gogos et al., 2020; Liu et al., 2024; Yotova et al., 2024), 
but not in others (Potter et al., 2025; Sal-Sarria et al., 2024; Schaer et al., 
2025; Tartaglione et al., 2022). Importantly, the analysis of gluta
matergic and dopaminergic pathways, reported as altered in MIA 
offspring, may unmask sex-specific differences, though most studies are 
male-biased (Amodeo et al., 2019; De Felice et al., 2019; Luchicchi et al., 
2016; Mirabella et al., 2021; Nakamura et al., 2022; Santoni et al., 
2023).

Alteration of brain cholesterol metabolism was previously suggested 
as a possible molecular mechanism underlying ASD, particularly 
through lipid raft disarrangements and consequent synaptic dysfunction 
(Buchovecky et al., 2013; Wang, 2014). However, here hippocampal 
levels of key players of cholesterol homeostasis were unaffected by MIA, 
supporting the hypothesis that aberrant cholesterol metabolism may not 
exist in all experimental models of ASD (Wang, 2014).

It should be mentioned that, differently from IL17A, plasma levels of 
TNF-alpha and IL-6, further markers of systemic inflammation, were not 
increased in MIA offspring of both sexes, thus suggesting that the 
imprint on the offspring's brains induced by Poly(I:C) treatment is 
mainly caused by IL17A signaling and not further fueled by circulating 
TNF-alpha and IL-6. This finding is supported by previous studies 
showing that Poly(I:C) administration, particularly during mid- 
gestation, does not affect plasma cytokines levels in offspring 
(Hameete et al., 2021).

One limitation of our study is that the anti-IL17A intervention was 
administered at a single time point (24 h post-MIA), which limits con
clusions regarding the optimal window for preventive interventions. In 
addition, our analyses primarily focused on the hippocampus, whereas 
other brain regions such as prefrontal cortex, striatum, and cerebellum 
might also contribute to the behavioral changes observed and could be 
affected by MIA and IL17A blockade. Indeed, structural and functional 
neuronal alterations, in terms of impaired synaptic function and plas
ticity, have been described in MIA models beyond the hippocampus, also 
in the cortex and the cerebellum, where altered innervation of dendritic 
spines has been reported (Bergdolt and Dunaevsky, 2019).

Overall, our findings represent a mechanistic proof-of-concept of the 
role played by IL17A and indicate that early IL17A pathway blockade 
may offer a potential for preventing neurodevelopmental abnormalities 
associated with MIA, including behavioral deficits, neuroinflammation, 
and synaptic alterations. Highlighting the interplay between cytokine 
signaling and synaptic plasticity mechanisms, we provide a potential 
mechanistic link between early immune challenges and subsequent 
neurobehavioral alterations. Specifically, this study supports IL17A as a 
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promising target for modulating dysregulated neuroimmune mecha
nism, underscoring the importance of exploring new pharmacological or 
nutraceutical strategies targeting these pathways to ultimately improve 
ASD core symptoms.
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