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Childhood Guillain–Barré syndrome (GBS) is a rare neurological disease. Early

diagnosis followed by precise treatment can reduce mortality. In this study, we

collected two transcriptome data between GBS and controls from the publicly

available databases (GEO dataset). We identified two distinct down-regulated

genes (PTGDS and AR) in GBS by transcriptome analysis (n = 20). Based on the

two distinct down-regulated genes in the GBS group, a two-gene diagnostic

signature was developed. Moreover, gene expression analysis for the two-

gene was performed on a patient with GBS before and after Supportive

Care. RT–PCR results show that the expression of PTGDS increased after the

patient was given supportive care. Therefore, PTGDS might be considered as

a potential target for therapeutic target in GBS.
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Introduction

The Guillain–Barré syndrome is a common cause of acute flaccid paralysis in
children. A small number of children will develop respiratory muscle weakness, which
is a self-limiting disease with a good prognosis (1). There are approximately 2 in
100,000 new cases of the Guillain–Barré syndrome each year, and the disease has a
global mortality rate of about 7.5% (2). It is typically accompanied by allodynia and
muscle weakness, usually beginning with the hands and feet, and then moving to the
arms and upper body (3). During the acute phase of the disease, 15% of patients will
develop respiratory muscle attacks that may be life-threatening and require mechanical
ventilation (4). Some may affect the autonomic nervous system, resulting in abnormal
heart rate and blood pressure. There is no known cause of the Guillain–Barré syndrome,
but research suggests that infection is often involved (5). As well as bacterial and
viral infections, vaccines and surgery can trigger GBS. There have been reports of an
unexpected rise in GBS cases in countries affected by Zika virus infection. On the
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basis of the available evidence, there is a good possibility
that Zika virus infection causes GBS (6). Currently, there
is no known drug that can effectively treat GBS; however,
supportive care can decrease symptoms and shorten its
duration. Supportive care includes monitoring breathing,
heartbeat, and blood pressure. The patient is usually placed
on a ventilator if their breathing ability is impaired. Early
diagnosis is the key to facilitating clinical decision making and
treatment selection. Therefore, the aim of the present study was
to identify mRNA signatures that may serve as early diagnostic
biomarkers for GBS.

Materials and methods

Data sources

In total, two transcriptome datasets (GSE31014 and
GSE72748) were downloaded from the GEO website1 for
the current relative transcriptome analysis. Additionally, we
collected plasma samples of one patient with the Guillain–
Barré syndrome before treatment (before), and at the end
of treatments (After). Oral informed consent was obtained
from the participant. Treatment and care were designed in
accordance with the WHO criteria for the Guillain–Barré
syndrome (1).

Bioinformatics and statistics analyses

Microarray data from GSE31014 was normalized by GC-
Robust Multi-array Average (gcRMA) (7). Before analyzing
gene expression, all the genes were transformed by a log2
coefficient. Differential gene expression analysis based on gene
effect size (ES > 2), and false discovery rate (FDR < 0.05) (8,
9). RNA-Seq data from GSE72748 was processed by the nf-
core/rnaseq pipeline (10). The ROC curve and forward search
was performed with the R package “MetaIntegrator” (11). All the
statistical analyses were performed with R (version 4.1.3). We
imputed missing values using the MetImp (12). We obtained the
meta-score by subtracting the mean expression of upregulated
genes from the mean expression of downregulated genes.

RNA isolation and RT-PCR analysis

The RNA isolation was achieved by QIAamp RNA Blood
Mini Kit according to the manufacturer’s recommendations
(Qiagen). cDNA was synthesized using the QuantiTect Reverse
Transcription Kit (Qiagen). The qPCR methodology and
primers were performed according to published articles (13, 14).

1 http://www.ncbi.nlm.nih.gov/geo/

Results

Differential gene expression analysis

In total, two transcriptome data between GBS and controls
were collected from publicly available databases (GEO).
Based on the criteria described in methods, we identified
differentially expressed genes in Figures 1A,B. After a forward
search in the training and validation dataset. In total, two
significantly differentially expressed genes (PTGDS and AR),
which were down-regulated in the GBS group in both cohorts
(Figures 1C,D). Figure 1E shows the meta-scores of each
sample in GSE31014. A statistically significant difference was
observed between the GBS and control group (P < 0.05).
Next, we used the two genes to build a GBS diagnostic
signature.

Validation of the two-gene signature in
two datasets of Guillain–Barré
syndrome

To evaluate the diagnostic power of the 2-gene signature
we performed an ROC analysis. The two-gene signature
distinguishes GBS from normal with AUC = 0.96 [95% CI
0.85–1] in GSE31014 (Figure 2A). In GSE72748, the two-gene
signature distinguishes GBS from normal with AUC = 0.67
(Figure 2B). To investigate the effect of supportive care on
the two significant genes, we collected blood samples before
supportive care and after supportive care in one patient with
GBS. Figure 2C shows that the expression of PDGTS was
increased after supportive care.

Immune cell fractions and immune
checkpoint analysis

Figures 3A,B shows immune cell fractions from two
transcriptome data. Both datasets have a significant difference
in Endothelial cells. As shown in Figure 3C, PDCD1 immune
checkpoint genes are down-regulated and expressed in the GBS
group. Figure 3D shows the KEGG pathway classification (left
panel), and the right panel shows the 20 most significantly
enriched GO terms.

Discussion

The Guillain–Barré syndrome is a rare neurological disease
for which there is no effective treatment. Thus, early diagnosis
is a particularly meaningful issue that lets immediate measure
toward treatment. The current cytoalbuminologic dissociation

Frontiers in Pediatrics 02 frontiersin.org

https://doi.org/10.3389/fped.2022.1008996
http://www.ncbi.nlm.nih.gov/geo/
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/


fped-10-1008996 September 23, 2022 Time: 6:55 # 3

Hu et al. 10.3389/fped.2022.1008996

FIGURE 1

Differential gene expression analysis of GBS. (A,B) Differentially expressed genes between GBS and controls in GSE31014; (C,D) forest plots of
PTGDS and AR gene in GSE31014 and GSE72748; (E) violin plot showing the performance of the 2-gene signature for separating GBS from
control in GSE31014.

FIGURE 2

Validation of the two-gene signature in two datasets of GBS. (A) ROC curves and AUCs of the two-gene signature classification in GSE31014;
(B) ROC curves and AUCs of the two-gene signature classification in GSE72748; (C) The expression of PTGDS of GBS patients before and after
supportive care.

method for GBS detection requires an invasive biopsy (15).
Therefore, the identification of novel non-invasive biomarkers
for GBS diagnosis is preferred. By transcriptome analyses, we

identified two new genes (PTGDS and AR) potentially related
to GBS. Furthermore, the expression of PTGDS and AR was
significantly decreased in the GBS group. Androgen receptor
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FIGURE 3

Immune cell fractions and immune checkpoint analysis. (A,B) Immune cell fractions in GSE31014 and GSE72748.
(C) Immune-checkpoint-related genes in the discovery dataset. (D) The KEGG pathway and GO term analysis in the discovery dataset.
*p < 0.05; **p < 0.01.

(AR) genes are responsible for constructing an androgen
receptor protein. Androgen receptors function as DNA-binding
transcription factors that control gene expression (16). During
puberty and before birth, androgens play an important role
in male sexual development. Prostaglandin-H2 D-isomerase
(PTGDS) is an enzyme that converts prostaglandin H2
(PGH2) into prostaglandin D2 (PGD2). As a neuromodulator
and trophic factor, PGD2 plays a key role in the central
nervous system (17). Moreover, smooth muscle contraction and
relaxation are also controlled by PGD2, and platelet aggregation
is inhibited by it (18). Interestingly, the expression of this gene
increased after the patient was given supportive care. This gene
may be a potential target for treating GBS.
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