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ABSTRACT

Background: Recently, HSPA1A and YBX3 have been suggested as
influential genes for Autism Spectrum Disorder (ASD). However, the
results have shown a lack of replication.

Method: Here we performed a systematic review and a meta-analysis
to explore the gene expression activity of HSPA1A and YBX3 in ASD.
Fifteen RNA expression datasets of ASD case vs. control studies were
acquired from Gene Expression Omnibus, including 1,534 samples (830
ASD cases, and 704 healthy controls). Both fixed-effect and random-
effects models were employed for meta-analysis. Multiple linear
regression (MLR) were employed to study the possible influence of the
following factors: tissue, sample size, sex and racial region.

Results: Utilizing all 15 datasets, both genes presented no significant
log fold change (LFC) in ASD: YBX3 (LFC = 0.001; p-value = 0.49);
HSPA1A (LFC = 0.115; p-value = 0.16), but weak effect sizes for the
3 brain tissue sampled datasets: YBX3 (LOR = 0.89; p-value = 0.11);
HSPA1A (LOR = 0.91; p-value = 0.086). Sample tissue is a major
factor for both genes (p-value < 1.5e-04) and sex is for HSPA1A only
(p-value < 0.01). Literature based pathway analysis show that YBX3
and HSPA1A may play inhibitory roles again ASD.

Conclusion: Our results suggest that YBX3 and HSPA1A may present
weak protective regulation within the brain of ASD patients.

Keywords: Autism Spectrum Disorder; RNA expression data; Random
model; Multiple linear regression model
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1 INTRODUCTION

Autism Spectrum Disorder (ASD) describes a range
of conditions classified as neurodevelopmental
disorders with high heritability ™. Both family and
twin studies suggest that ASDs are highly heritable
neuropsychiatric disorders “®. Although the specific
causes of ASD have yet to be found, it is believed
that the genetic or environmental risk factors perturb
common underlying molecular pathways in tr[16]e brain

that may contribute to the ASD pathogenesis ™.

Data from brain regions and blood at the gene
expression levels were well-employed in efforts to
identify ASD genetic determinants . Recently, two
novel genes, YBX3 and HSPA1A, were proposed
to play significant roles in the pathogenesis of ASD
% The study was conducted using gene expression
and large scale literature data, with pathway
enrichment analysis (PEA) and network connectivity
analysis (NCA) conducted to analyze the potential
functional association between these two genes and
ASD. However, the results were lack of replication,
raising the necessity of further validation using larger
datasets.

Due to limited sample sizes and specifications
in terms of phenotype characteristics, results from
independent studies may engender bias in their
conclusions. Because meta-analyses are often used

to explore the validity of findings, we propose a
meta-analysis of these genes to provide insight into
their effects on ASD with higher statistical reliability.
Moreover, we utilize multiple linear regression (MLR)
to test potential influential factors of ASD.

2 METHODS AND MATERIALS

2.1 Data screening

A systematic search was conducted by using
lllumine BaseSpace Correlation Engine (http://
www.illumina.com) and public functional genomics
database--Gene Expression Omnibus (GEO, https://
www.ncbi.nlm.nih.gov/geo/). The initial search with
keywords set as ‘Autism Spectrum Disorders’.
Further filter criteria includes: 1) The data organism
is Homo sapien; 2) The data type is RNA expression
by array or by sequencing; and 3) The study design
is limited to ASD vs. healthy control cases. To
note, there is no date limitation. In total, 15 studies
satisfied the selection criteria and were included in
this meta-analysis ""*?. The total samples included in
this study was 1,534, with 830 ASD cases and 704
controls, as shown in Table 1. The data age (current
year - collection date) was from 0 to 10 years (2007
to 2017).

Table 1. Fifteen studies satisfied the selection criteria and were included in meta-analysis

S I
Study Name GEO ID ample Data Type  Tissue Name N Cases N Controls Country
Organism
Hu et al Homo RNA
E15402 I hobl i 7 2 A

2009B M GSET540 sapiens  expression ymphoblastoid 8 o us
Hu et al Homo RNA i
20091 GSE 15451 sapiens  expression lymphoblastoid 21 17 USA
Alter et al H RNA

eree GSE25507 o0 _ blood 82 64 USA
2011 sapiens  expression
Kuwano et al Homo RNA

e GSE26415 " _ blood 21 63 Japan
2011 sapiens  expression
Ch tal H RNA

oWt GsE2sars oo _ brain tissue 52 61 USA
2012 sapiens  expression
L tal H RNA

e a GSE37772 o0 _ blood 233 206  USA
2012 sapiens  expression
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Ginsberg et al Homo RNA
neberg GSE38322 o _
2012 sapiens  expression

Pramparo Homo RNA

GSE42133

et al 20151 sapiens  expression
Voineagu et al GSE28521 Homo RNA

2011 ® sapiens  expression
Liu et al Homo RNA

E651
201718 GSEE5106 sapiens  expression
Gregg et al Homo RNA
E657

20081 GSEESTS sapiens  expression
Nishimura et al Homo RNA

2007 # GSE7329 sapiens  expression
| tal H RNA
noueetal  Gserr103 O ,
2017 sapiens  expression
Walker et al Homo RNA

GSE87847

2016 %" sapiens  expression
Kong et al Homo RNA
2012% GSE18123 sapiens  expression

cerebellum 18 18 USA
leukocyte 91 56 USA
postmortem 39 40 USA
brain tissue

representing

Cerebellum (C),

Frontal cortex

(F), and Temporal

cortex (T)

induced

pluripotent stem 21 38 USA
cells (iPSCs)

blood 35 12 USA
blood 15 15 USA
blood 4 4 Japan
blood 45 48 USA
blood 66 33 USA

2.2 Meta-analysis models

Both fixed-effect model and random-effects model
were employed to study the effect size of the two
genes, YBX3 and HSPA1A, in a case vs. control
expression comparison. The expression log fold
change (LFC) were used as an index of effect
size. Results from both models were reported and
compared. The heterogeneity of the meta-analysis
was analyzed to study the variance within and
between different studies.

2.3 Multiple linear regression analysis
A MLR model was employed to study the possible

influence of four factors on the gene expression
change in ASD: tissue, sample size, sex and
population. P-values and 95 % confidence interval
(Cl) were reported for each of the four factors.

3 RESULTS

3.1 Meta-analysis results

Table 2 and Table 3 present the effect sizes and
related statistics from the fifteen studies and the
meta-analysis results for gene HSPA1A and YBX3,
respectively.
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Table 2. The effects of two models for HSPA1A

. Upper pValue . :
suoame S Lo e 2y e e Ve e
° 95% ClI tailed)

[ /
noue et a -0.20 2.72 2.39 -0.10 0.55 0.9 0.59 0.59
2017
Liu et al
201719 0.15 -1.37 1.68 0.20 0.42 0.84 1.65 1.65
Walker et al
201621 0.30 -2.02 2.62 0.25 0.40 0.80 0.72 0.72
Pramparo et al
201511 -0.02 -0.61 0.56 -0.10 0.53 0.94 11.2 11.2

h /
Chow et a 200  -4.19 819 063 026 053 010  0.10
2012
Ginsberg efal 4 5g 073 329 125 0.1 0.21 0.95 0.95
2012
Kong et al
00122 0.12 -0.55 0.78 0.34 0.37 0.73 8.59 8.59
Luo et al
201211 0.11 2.29 2.51 0.09 0.46 0.93 0.67 0.67
Alter et al
201111 0.05 -0.82 0.92 0.11 0.45 0.91 5.03 5.03
Kuwano et al
901111 0.09 -1.24 1.42 0.13 0.45 0.90 217 217
Voineagu et al
0011 0.53 -1.26 2.32 0.58 0.28 0.56 1.20 1.20
Gregg et al
2008 0.22 -0.62 1.06 0.51 0.30 0.61 5.43 543
Nishimura et al
2007 2 0.10 -0.21 0.42 0.64 0.26 0.52 39.3 39.3
Fixed Model 0.11 -0.11 0.34 1.01 0.16 0.31
Random Model  0.11 -0.11 0.34 1.01 0.16 0.31
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Table 3. The effects of two models for YBX3

Lower Upper

pValue pValue

Study Name Esfif::t Limitof  Limitof Z Value (one (two V\llzei;(ger:jt_ I\é\; er:ggtrﬁ
95% Cl  95% Cl tailed) tailed)

Liu et al

20170 010 062 052  -020 057 08 1180  11.80

Pramparoetal o505 056 065 016 044 088 1050 1052

2015

Chow et af 155  -38 695 056 029 058 0.13 0.13

2012

i tal

cnsvergefal 94 406 294 092 018 036 0.96 0.96

2012

Kong et al

Doraen 01  -087 066 03 061 078 6.61 6.61

Luo et al

20121 001  -037 039 004 049 097 26.5 26.51

Alter et al

Soths 002 -073 069  -01 052 095 7.68 7.68

Kuwano et al

o 031 054 116 072 023 047 5.31 5.31

\2/8'1:6‘}29” el 071 452 204 063 027 053 0.77 0.77

Gregg et al

~o0a1 010 08 065 -02 058 084 7.39 7.39

Nishimura et al

Jyydetis 002 023 019 02 058 085 86.2 86.18

Fixed Model 0001  -015 015 001 049 099

Random Model ~ 0.001 015 015 001 049 099

For HSPA1A, 13 out of 15 studies included the
gene and were employed for the meta-analysis. Only
11 studies included gene YBX3 and were used for
its meta-analysis. We noted that the weights from
the random-effects model and the fix-effect model
are the same for both genes (See Table 2 and Table
3, columns ‘Weight_Fixed’ and ‘Weight_Random’).
This was due to the fact that the between study
variance Tau-squared, , was calculated as 0 for
both genes, indicating no significant between-study
variance. The total variance, Q, for the two genes
were 2.22 and 2.30, with the expected variance df
(under the assumption that all studies have the same

effect size) of 12 and 10, respectively. This leads to
p-values of 1.00 and 0.99 for the hypothesis that Q
was from within-study variances only. Therefore, the
following analyses will focus on results from the fix-
effect model.

For HSPA1A, the effect size (LFC) from the meta-
analysis was 0.11 (95 % CI: [-0.11, 0.34], p = 0.16).
For YBX3, the effect size (LFC) from the meta-
analysis was 0.001 (95 % CI: [-0.15, 0.15], p = 0.49).
These results suggest that both genes present no
significant gene expression fold change in ASD.
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Fig. 1 The effect size, 95 % Cl and weights for genes HSPA1A and YBX3. (a) YBX3; (b) HSPA1A. The
results are from meta-analysis using a fixed-effect model.

3.2 MLR analysis results

As shown in Table 4, results from the MLR models
showed that tissue was a significant influential factor
for the expression fold change of both HSPA1A
and YBX3 (p = 1.5E-4 and 1.0E-5, respectively)

Table 4. Multiple linear regression analysis results

in regards to ASD. Sex was a significant factor for
HSPA1A (p < 0.01) but not for YBX3 (p = 0.33). The
case / control ratio and Country were not significant
influential factors.

Gene Name MLR parameter Sex Brain Tissue Case/Control Ratio Country

HSPA1A Beta 1.043 1.12 -0.04 0.20
Lower Limit -0.91 0.53 -0.44 -0.52
Upper Limit 3.00 1.71 0.37 0.91
p-value 0.01 1.5E-4 0.60 0.23

YBX3 Beta 0.17 1.074 -0.04 0.30
Lower Limit -8.08 0.66 -0.33 -0.38
Upper Limit 8.42 1.49 0.25 0.98
p-value 0.33 1.0E-5 0.676 0.102
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Fig. 2 presents the linear regression relation
(LRR) between the parameter ‘Brain Tissue’ and
the expression log fold change for the two genes:

HSPA1A and YBX3. From Fig. 2, it can be seen that
the expression LFC of both genes were much higher
in brain tissue than non-brain tissue.

HSPA1A: LRR between effectSize & beBrainTissue: p-value=0.0001

effectSize

effectSize

YBX3: LRR between effectSize & beBrainTissue: p-value=0.0000

08

06

04r

021

I I I I I )
05 06 0.7 0.8 0.9 1
beBrainTissue

(@)

I
04

Fig. 2 Scatter plot of the linear regression relationship between ‘Brain Tissue’ samples and the
expression log fold change for the two genes. (a) HSPA1A; (b) YBX3.
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3.3 Meta-analysis results using brain-
tissue samples

Considering the significant difference between
expression data acquired using brain-tissue samples
and non-brain tissue samples, we conducted a meta-
analysis using only brain-tissue samples. Results
showed that, for HSPA1A, an effect size of 0.91 (95
% CI: [-0.40, 2.22], p = 0.09) was acquired. While for
gene YBX3, the effect size was 0.89 (95 % CI: [-0.55,
2.32], p = 0.11). These results indicated an existing
but weak expression variation of these two genes in
the brain regions of ASD patients.

4 DISCUSSION

This study conducted an RNA expression data
based meta-analysis to explore the gene expression
activity of two genes (HSPA1A and YBX3) in case
of ASD. Both fixed-effect model and random-
effects model were employed with heterogeneity
analysis conducted. Furthermore, MLR analysis was
performed to study the influence of four potential
factors, tissue, sample size, sex and population,
towards the effect size of these two genes in ASD.

Fifteen studies were acquired for this study,

including 1,534 from human (830 ASD cases, and
704 controls), as shown in Table 1. Among these
15 expression datasets, 3 were acquired from brain
tissue, and the other 12 were acquired from non-
brain tissue. Using all available data for a meta-
analysis, no significant fold change was observed
for neither HSPA1A nor YBX3 (p-value = 0.49 and
0.16, respectively). Results were presented from
fixed-effect model, as no significant between-study
variance was observed in the heterogeneity analysis
(HSPA1A: Q = 2.22; p-value = 1.00; YBX3: Q = 2.30;
p-value = 0.99).

MLR results revealed that gene expressions
sampled from brain-tissue and non-brain tissue
were significantly different, as shown in Fig. 2. For
both genes, the p-values were less than 0.0001 for
the ‘Brain Tissue’ parameter. Considering ASD is a
brain-dysfunction disease, we conducted a further
meta-analysis using brain-tissue sampled data only.
Results showed weak effective size for the two
genes in case of ASD: (p-value = 0.086 and 0.11
for HSPA1A and YBX3, respectively). These results
suggested that, in about 91.4 % of the total ASD
cases, the expression of HSPA1A in the brain will
present increased fold change averaged as 220.91
= 1.88. While for YBX3, about 89 % ASD cases
will present increased expression levels averaged
around 270.89 = 1.85 fold. These results suggested
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weak but possible association between ASD and
HSPA1A and YBX3.

As a matter of fact, previous studies suggested
that HSPA1A can activate nitric oxide (NO) syntheses
3 Increases in NO production increases the risks
of developing ASD ?*. This indicates that HSPA1A
could play an inhibitive role for the development of
ASD. On the other hand, it has been suggested that
increased cytokine can impact neural activity and
mediate the behavioral symptoms of ASD #°,
while YBX3 has been shown to directly bind the
nuclear factor, kB-binding element, to repress the
activation of several cytokines “. This suggest that
increased YBX3 may work as a protector against the
development of ASD through a cytokines regulation
channel.

5 CONCLUSION

The results of this study demonstrate that genes
HSPA1A and YBX3 may act as protecting factors
against the development of ASD, although the
influential effect may result from a indirect weak
regulation. The altered gene expression changes of
HSPA1A and YBX3 is more likes happen in the brain
tissues than non-brain tissues in case of ASD.
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