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Abstract 

Objective: Considering the potential role of lymphocytes in the pathophysiology 

of Autism Specter Disorders (ASD) we aimed to evaluate possible alterations in 

lymphoid organs of the animal model of autism induced by prenatal exposure to 

valproic acid (VPA). Methods: Pregnant Swiss mice received a single 

intraperitoneal injection of 600 mg/kg of VPA (VPA group) or saline (control 

group) on day 11 of gestation. Male animals of the offspring were euthanized on 

postnatal day 60 for removal of thymuses, spleens, and a pool of inguinal, 

axillary and brachial lymph nodes. Cellularity was evaluated with a Neubauer 

chamber and flow cytometry analysis was performed on cell suspensions 

incubated with mouse antibodies anti-CD3-FITC (1:50), anti-CD4-PE (1:50) and 

anti-CD8-PE-Cy7 (1:100). Results: In this study no differences between groups 

were found in organ weight. Flow cytometry analysis revealed that both CD3+ 

CD4+ and CD3+ CD8+ subtypes were present in reduced amount in lymph 

nodes of VPA-group animals. Also the CD4+ percentage was increased in the 

lymph nodes of the VPA group, while the CD8+ percentage was diminished. 

Also minor alterations regarding the proportions of these cells were detected in 

thymuses and spleens from VPA group. Conclusion: In the present study, we 

made the novel observation that the number of T-cells is drastically reduced in 

lymph nodes of mice from the animal model of ASD induced by prenatal 

exposure to VPA. Further research is necessary to both characterize the 

immunological profile of ASD and investigate its connection with the etiology of 

this disorder.  
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Introduction 

Autism spectrum disorder (ASD) is a complex developmental condition 

characterized by impairments in social interaction and repetitive patterns of 

behavior and interests [1]. Although its etiology is still unknown, both genetic 

and environmental factors are likely to play key roles in ASD pathophysiology 

[2]. In recent years, one of the more innovative hypotheses to explain the 

mechanisms by which ASD develops, regards the involvement of immune 

components [3]. In fact, many immunological alterations were already observed 

in patients with autism such as microglial activation in postmortem brains [4], 

family history of autoimmune diseases [5] and abnormal levels of inflammatory 

cytokines [6].  

In addition, subjects affected by ASD commonly present lymphocytic 

abnormalities. Reduced proportion and quantity of CD4+ cells and total 

lymphocytes, were found in a study with 25 patients [7]. Another study reported 

altered production of cytokines and reduced expression of activation markers in 

lymphocytes of children with autism, after stimulation with phytohemagglutinin 

(PHA) [8]. Although there are no reports of lymphocytic infiltration in the central 

nervous system (CNS) of patients with autism, there is a possibility that this 

could happen either during pregnancy or during early postnatal development 

[3]. On the other hand, lymphocytic infiltration was already reported in the gut of 

patients, with elevated number of CD4+ and CD8+ subsets, as well as 

increased production of proinflammatory cytokines by these cells [9], [10]. 

The prenatal exposure to valproic acid (VPA) in rodents triggers autistic-

like morphological and behavioral outcomes [11] and is based in the fact that 

maternal use of VPA during pregnancy is associated with increased risk of ASD 

development by the children [12]. Immunological alterations such as thymus 

atrophy [13] and increased mRNA levels of proinflammatory cytokines in the 

spleen (after LPS challenge) were already described in this model [14], but data 

about cell-mediated immunity are absent. Considering the potencial role of 

lymphocytes in the pathophysiology of ASD we aimed to evaluate possible 

alterations in lymphoid organs of the animal model of ASD induced by prenatal 

exposure to VPA. Here we report abnormal numbers of T cell subsets in the 
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thymus, spleen and lymph nodes, suggesting that the behavioral changes are 

accompanied or even related to a neuroimmune process. 

Materials and methods 

Animals 

Female Swiss mice were obtained from Federal University of Pelotas 

(Pelotas, RS, Brazil) and housed in a 12-h light-dark cycle, with controlled 

temperature (22±1 °C), water and food ad libitum. The estrous cycle was 

monitored and animals were mated. Pregnancy was determined by the 

presence of vaginal plug, and that was considered the day 0 of gestation. 

Pregnant mice received a single intraperitoneal injection of 600 mg/kg of VPA 

(Acros Organics, New Jersey, USA) (VPA group) or saline (control group) on 

day 11 of gestation. Male animals of the offspring were anesthetized with 

isoflourane gas and exsanguinated on postnatal day 60. The experimental 

groups consisted of five animals per group. 

This study was approved by the Research Ethics Committee of the 

Clinical Hospital of Porto Alegre (Porto Alegre, RS, Brazil) under project number 

12-0433.  

Tissue isolation and preparation 

The thymuses, spleens, and a pool of inguinal, axillary and brachial 

lymph nodes were removed. Tissues were weighted, and individually 

dissociated, washed, centrifuged and resuspended in PBS solution for 

subsequent evaluation of cellularity with a Neubauer chamber and flow 

cytometry analysis. 

Flow cytometry 

Cell suspensions were incubated with mouse antibodies anti-CD3-FITC 

(1:50), anti-CD4-PE (1:50) and anti-CD8-PE-Cy7 (1:100), (BD Biosciences, San 

Jose, CA) for 20 min with 2% fetal bovine serum-PBS solution for 20 min at 

4°C. After that, cells were washed and analyzed by flow cytometry for CD3+, 

CD4+ and CD8+ cell identification using the Attune® Acoustic Focusing 



Page | 4  
 

Cytometer (Life Technologies), equipped with the Attune® Cytometric Software 

version 1.2.5. 

Statistical analyses 

Data were analyzed using SPSS for Windows (SPSS Inc., Chicago, Ill., 

USA) and graphs were plotted with GraphPad Prism software. Results were 

expressed as means ± standard error of the mean (SEM) and statistical 

comparisons were performed using the Student's t-test. A p value ≤0.05 was 

considered statistically significant. 

Results 

Lymph nodes 

In the present work no differences between groups were found in organ 

weight (Table 1). Interestingly, despite the fact that the lymph nodes weight was 

similar in control and VPA groups, the number of lymphocytes was drastically 

decreased in the later (control group: 23.16 x106 ±4.53 x106; VPA group: 4.9 

x106 ±0.83 x106) (Table 1). Our data showed that both CD3+ CD4+ and CD3+ 

CD8+ subtypes were present in reduced amount in lymph nodes of VPA-group 

animals (Figure 1B). The analyses also showed an alteration of the proportion 

of CD4+/CD8+ cells. While the CD4+ percentage was increased in the lymph 

nodes of the VPA group, the CD8+ percentage was diminished (Figure 1A). 

Thymus 

We did not observe any sign of thymus involution, once there were no 

differences between groups in organ weights, cellularity and absolute number of 

thymocytes subsets analyzed (Table1). However, the percentage of CD4+ cells 

was lower (control group: 14.78 ± 1.14; VPA group: 10.04 ± 0.82) and double 

negative (DN) was higher (control group: 2.33 ± 0.11; VPA group: 4.01 ± 0.29) 

in the thymuses of VPA-group animals (Table 2). No difference was observed in 

the percentage of double positive (DP) and CD8+ cells between groups (Table 

2). 
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Spleen 

The spleen cellularity and weight did not differ significantly between 

groups (Table 1). However, a 30% decrease was observed in the percentage of 

CD8+ cells in the spleens of the VPA-group (control group: 10.15% ±0.63; VPA 

group: 7.03% ±0.38) (Table 2). VPA-group animals also have a lower proportion 

of CD3+ CD8+ cells (control group: 23.32% ±0.81; VPA group: 18.68% ±0.86) 

(Table 3). 

Discussion 

While the etiology of ASD remains unknown, the association between 

ASD and immunological disturbances is becoming more evident due to studies 

in both patients and animal models. In the 70’s, it was already reported that 

patients with autism produce an abnormal immune response after stimulation 

[15]. For example, lymphocyte cultures from patients with autism showed 

reduced PHA-stimulated differentiation, when compared to cells from typically 

developing subjects [15]. In the last decades, several other reports indicated a 

probable role of immune alterations in the pathophysiology of this disorder, 

including increased incidence of autism in children exposed to infections during 

pregnancy [16] and a family history of autoimmune diseases being more 

common in families of children with ASD [17]. In addition, patients with ASD 

present a variety of abnormalities in cellular and humoral immune functions [16]. 

In the present study, we made the novel observation that the number of 

T-cells is drastically reduced in lymph nodes of mice from the animal model of 

ASD induced by prenatal exposure to VPA. Consequently, we also observed 

reduced amount of CD3+ CD4+ and CD3+ CD8+ cells and alterations of the 

cells proportions in this tissue. Also minor alterations were detected in thymuses 

and spleens of these animals. Interestingly, no difference regarding the number 

of T cells and their subsets (CD4+ and CD8+) was found when the blood of 

patients and controls was compared [18]. On the other hand, T cell CD8+ 

effector memory and terminally differentiated CD4+ are reduced in children with 

autism [19]. This could indicate a difficulty to properly activate and stimulate T 

cells in the secondary lymphoid organs. As a consequence, the altered T cell 
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expansion may result in impairments in both  primary immune response and 

memory T cell development [8]. 

Recent data suggests that histone deacetylase (HDAC) inhibitors, such 

as VPA, possess potent immunomodulatory properties both in vitro and in vivo 

[20]. Studies involving animal experimentation and VPA, other than the animal 

model of autism, revealed that exposure to VPA may lead to impairments in the 

proliferative process of lymphocytes in vitro [21], as well as to a drastic 

reduction in the number of these cells in lymph nodes, spleen and peripheral 

blood of an inflammatory disease model in mice [22]. 

Furthermore, rats exposed prenatally to VPA displayed thymic atrophy 

[23]. In our work, no difference was found between thymuses weight and 

cellularity in mice from VPA and control groups. The discrepancy between those 

results can be ascribed to differences in the animal species studied and to the 

use of animals twice as old by Schneider et al. [23]. On the other hand, we do 

found an increased population of DN and a decrease in the percentage of CD4+ 

thymocytes. This result is supported by a study in mice overexpressing soluble 

amyloid precursor protein α (sAPP-α) - a protein found in high levels in patients 

with ASD - in which the T-cell subtypes proportions was also altered, with 

increased DN and CD8+ thymocytes, and decreased DP population [24]. It’s 

tempting to hypothesize that thymic alterations in ASD start with subtle changes 

in T-cell subsets proportion and then progress to major damage of the thymus, 

thus accelerating its natural involution process. 

A decrease in the percentage of CD8+ splenocytes was detected in the 

present study. Another study previously showed that splenocytes of VPA rats 

demonstrated decreased proliferative response to concanavalin A [23]. The 

significance and causes of these alterations in splenocytes should be further 

investigated, but there is already some evidence that metabolic changes could 

be involved, since in mice prenatally exposed to viral mimic poly(I:C) - another 

animal model of ASD - the splenocytes show lower ATP production due to 

reduced complex I activity [25].  

The analysis of data regarding immune system abnormalities in ASD is 

complicated by differences in analytical techniques, age range of the patients, 
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diagnostic criteria used and, sometimes, there is a lack of confirmation of the 

absence of ASD or other neurodevelopmental disorders in the controls, 

especially when using siblings as controls. Given the challenges of conducting 

studies with biological samples, other than blood, of patients with ASD, the use 

of animal models emerges as an important tool to understand the extension of 

involvement of immune system modifications in ASD. In addition, they enable 

researchers to test hypothesis about molecular mechanisms underlying this 

changes and to investigate the cause-consequence relationship linking nervous 

and immune systems alterations in ASD. 

Further research is necessary to both characterize the immunological 

profile of ASD and investigate its connection with the etiology of this disorder. 

The landscape of immune alterations should yet be completed in patients and 

animal models of ASD, as well as the assessment of possible molecular links 

between those modifications and the core symptoms of ASD. It is worth noting 

that an effect of VPA on the dams, not necessarily a direct action on the 

fetuses, could be responsible for the outcomes in the offspring. These maternal 

immunological perturbations could, in turn, influence the general fetal 

development and trigger the autism-like features of the model. Thus, we 

anticipate that assessment of immune system of female mice exposed to VPA 

during gestation, as well as its offspring, and the correlations of these 

alterations with the development of the central nervous system would advance 

our understanding about the role of immune components in ASD. 
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Figure 1. Qualitative and quantitative changes in cells of subcutaneous 

lymph nodes of VPA mice. (A) Changes in the proportion of each cell type can 

be observed. (B) Moreover, there is a huge decrease in the cellularity and 

number of all lymphocyte subtypes analyzed. ** p<0,01. 

 

Table 1. Absolute and relative quantity of lymphocytes and relative mass 

of different lymphoid organs from control and VPA mice. * p<0,05, ** 

p<0,01. 

 

Lymphocytes 

(x10
-6

) 

Lymphocytes 

(x10
-8

) /g of tissue 

Relative mass 

(g tissue/g animal) 

 
Control VPA Control VPA Control VPA 

Thymus 67.43 ± 12.23 64.68 ± 12.99 11 ± 2.17 13.85 ± 0.13 0.18 ± 0.019 0.14 ± 0.013 

Spleen 82.71 ± 11.81 106.67 ± 35.85 9.46 ± 1.25 14.4 ± 5.08 0.24 ± 0.009 0.21 ± 0.013 

Lymph node 23.16 ± 4.53 4.9 ± 0.83** 3.31 ± 0.88 0.63 ± 0.13* 0.22 ± 0.02 0.2 ± 0.006 
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Table 2. Quantitative and qualitative analysis of CD4+, CD8+, CD4- CD8- 

(DN), CD4+ CD8+ (DP) lymphocytes subsets in thymus and spleen from 

VPA and control mice. * p<0,05, ** p<0,01. 

 
Thymus Spleen 

  
Lymphocytes (x10

-6
) Percentage Lymphocytes (x10

-6
) Percentage 

CD4
+

 

Control 7.88 ± 1.12 14.78 ± 1.14 7.74 ± 1.61 28.82 ± 1.74 

VPA 5.41 ± 1.21 10.04 ±  0.82* 7.44 ± 2.14 22.44 ± 2.02 

CD8
+

 

Control 1.61 ± 0.20 3.11 ± 0.41 2.71 ± 0.54 10.15 ± 0.63 

VPA 1.13 ± 0.26 2.08 ± 0.12 2.48 ± 0.83 7.03 ± 0.38** 

DN 
Control 1.27 ± 0.23 2.33 ± 0.11 - - 

VPA 2.07 ± 0.39 4.01 ±  0.29** - - 

DP 

Control 46.17 ± 10.74 80.61 ± 2.21 - - 

VPA 43.47 ± 8.94 83.87 ± 1.05 - - 

 

Table 3. Quantitative and qualitative analysis of CD3+, CD3+ CD4+, CD3+ 

CD8+ lymphocytes subsets in spleen from VPA and control mice. * p<0,05, 

** p<0,01. 

 Spleen 

  Lymphocytes (x10-6) Percentage 

CD3+ 
Control 9.57 ± 2.04 35.8 ± 2.76 

VPA 8.98 ± 2.59 27.1 ± 2.5 

CD3+ CD4+ 
Control 6.83 ± 1.48 71.25 ± 0.83 

VPA 6.49 ± 1.8 73.33 ± 1.09 

CD3+ CD8+ 
Control 2.23 ± 0.47 23.32 ± 0.81 

VPA 1.72 ± 0.53 18.68 ± 0.86** 
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