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Purpose: Primary immune thrombocytopenia (ITP) is an immune disease with a diagnosis of exclusion, since no validated
biomarkers have been identified. In this study, we explored biomarkers associated with the development of ITP from an immune
perspective to inform the clinical diagnosis.

Patients and Methods: Differentially expressed genes (DEGs) between normal and ITP samples were analyzed using limma
package. Random forest algorithm and LASSO regression were further used to screen for DEGs associated with ITP. The expression
of these hub genes was validated by PCR. The relationship between DEGs and immunity was explored by enrichment analysis.
Immune cell infiltration in ITP was analyzed by CIBERSORT and ssGSEA, and the relationship between DEGs and infiltrating
immune cells was analyzed by Spearman’s rank correlation analysis. Finally, a diagnostic model related to DEGs was constructed by
the neural network, and its efficiency was detected by the ROC curve.

Results: After screening the GEO database and validation by PCR analysis, The expression of CTH and TAFS8 were higher and while
OSBP2 expression was lower in ITP patients compared to normal subjects (P<0.05). GO enrichment analysis showed that these DEGs
were associated with inflammatory immune-related diseases, and KEGG analysis showed that they mainly regulated signaling
pathways such as JAK-STAT. CIBERSORT and ssGSEA analyses showed that these DEGs were mainly associated with macrophage
M1 polarization. The expression of CTH and TAF8 were positively correlated with M1 expression, while OSBP2 was negatively
correlated with M1 expression. The ROC curve showed high accuracy of the neural network model [AUC= 0.939, 95% CI (0.8-1)].
Conclusion: Our results suggest that CTH, TAFS, and OSBP2 can be used as effective diagnostic biomarkers of ITP.

Keywords: primary immune thrombocytopenia, diagnostic biomarkers, macrophage M1 polarization, immune cell infiltration,
bioinformatics

Introduction
Primary immune thrombocytopenia (ITP) is an acquired autoimmune bleeding disorder characterized by an isolated decrease
in peripheral platelet count with no apparent cause, resulting in skin and mucosal bleeding, or in severe cases, visceral or
intracranial bleeding.'* The pathogenesis of ITP is closely related to immunity, mainly due to the loss of autoantigen immune
tolerance of platelets, which further leads to abnormal activation of humoral and cellular immunity.”> Additionally,
inflammation is closely related to immune disorders, and immune cells such as Th22, Th17, Thl, and TFH, and immune
factors including IL-22, IL-17A, and INF-y, contribute to the pro-inflammatory features of ITP patients and ITP progression.’
Macrophages are one of the three phagocytic cell types in addition to granulocytes (neutrophils, eosinophils, and
basophils) and dendritic cells (DCs). Macrophages act as effector cells to engulf platelets and stimulate autoantibodies
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against platelet production.” Macrophage activation plays a critical role in tissue homeostasis as well as in inflammation
and disease progression.®’ Currently, macrophages are classified into two subtypes based on their function and
activation: classically activated M1-like macrophages and alternatively activated M2-like macrophages. M1-like macro-
phages promote inflammation and inhibit the formation of megakaryocytes, whereas M2-like macrophages counter
inflammation and promote megakaryocyte formation.'%!!

The balance of M1 and M2 plays a key role in maintaining normal immune function, and has been proven to
participate in the pathogenesis of ITP.'?> M1 polarization is characterized by the production of large amounts of pro-
inflammatory cytokines, such as Thl and interferon INF-y, which in turn damage megakaryocytes and affect platelet
production. Conversely, reducing the number of pro-inflammatory M1 subpopulation cells increases platelet counts.'*'*
The proportion of M2-like macrophages is significantly increased, along with a rising platelet count, in ITP after
treatment with high-dose dexamethasone and eltrombopag (ELT).'*'¢

Currently, there is still a lack of direct diagnostic biomarkers for ITP.'” Since macrophage polarization is important in
the pathogenesis of ITP, it is necessary to screen for genes associated with macrophage polarization in order to establish a
diagnostic model for ITP.

As the application of sequencing technology expands and deepens, and the amount of biological data grows,
bioinformatics has been widely used for the screening of disease biomarkers and the construction of diagnostic
models.'®2° This work aimed to analyze the relationship between immune cells, related immune infiltration, and ITP
as well as screen for effective biological indicators in the diagnosis of ITP, which could provide implications for the

clinical diagnosis of ITP.

Materials and Methods

Dataset Collection
Gene expression profiling of the ITP and normal samples were downloaded from the GSE43177 dataset in the GEO
(http://www.ncbi.nlm.nih.gov/geo) database. The raw data were normalized and are presented in Supplementary Figure 1.

Screening of Hub Genes

We first screened for differentially expressed genes (DEGs) in normal and ITP samples using ‘limma’ package with filter
criteria of p< 0.05 and |logFC[>1. Then, two algorithms, Support Vector Machine-Recursive Feature Elimination
(SVM-RFE) analysis and Least Absolute Shrinkage and Selector Operation (LASSO) analysis were performed to

9% G

identify the hub genes related to ITP by “kernlab”, “caret”, “glmnet”, and “e1071” packages.

Functional Enrichment Analysis

Disease Ontology (DO) enrichment, Gene Ontology (GO) enrichment, and Kyoto Encyclopedia of Genes and Genomes
(KEGG) functional analyses were performed to uncover the underlying expression perturbations among these clusters by
the R package “clusterProfiler” with the cutoff value of P < 0.05.

Evaluation of Immune Cell Subtype
The single sample gene set enrichment analysis (ssGSEA) was introduced to quantify the relative abundance of immune
cell types in the ITP microenvironment. The deconvolution approach CIBERSORT (http://cibersort.stanford.edu/) was

used to estimate the abundances of distinct leukocyte subsets with the gene expression profile of ITP. The results of
CIBERSORT and ssGSEA were visualized using the R packages “corplot”, “vioplot”, “ggplot2”, and “glment”.

Correlation Analysis Between Hub Genes and Immune Cells
The association of the identified hub genes with the levels of infiltrating immune cells was explored using Spearman’s

rank correlation analysis in R software. The “limma”, “reshape2”, “ggpubr”, and “ggExtra” package were used to analyze
and visualize the hub genes and immune cells.
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Construction of Diagnostic Model

The diagnostic model was constructed based on the results of neural networks. The Neuralnet and NeuralNetTools
packages of R tools were used to build and visualize the neural networks. A neural network is a simplified model that
simulates the way the human brain processes information. This model works by simulating a large number of
interconnected processing units in an abstract form similar to neurons. These processing units are located in layers.
Neural networks typically contain three parts: an input layer with units representing input fields; one or more hidden
layers; and an output layer with one or more units representing target fields. These units are connected by variable
connection strengths (or weights). The input data is displayed in the first layer, and its values are propagated from neuron
to neuron in the next layer. The final result is the output from the output layer.

Analysis of the Predictive Value of Biomarkers

ROC analysis was performed to predict the diagnostic effectiveness of biomarkers by “survival”, “survminer”, and
“timeROC” packages. The area under the ROC curve (AUC) value was utilized to determine the diagnostic effectiveness
in discriminating ITP from control samples in the GSE43177 dataset.

Validation by the Collection Clinical Sample
A total of 50 ITP patients and 20 normal samples were collected from the Xiyuan Hospital of China Academy of Chinese
Medical Sciences, the basic clinical manifestations of these 50 patients were present in the Supplementary Table 1. This

study was approved by the Medical Ethics Committee of the Xiyuan Hospital of China Academy of Chinese Medical
Sciences (NO. 2015XLA108), informed consents were obtained from patients or their families and complies with the
Declaration of Helsinki.

Quantitative Real-Time PCR

The total RNA was extracted from peripheral blood mononuclear cells of ITP patients using the TRIzol™ reagent (Ambion)
according to the manufacturer’s instructions. Reverse transcription was performed using the Transcriptor First Strand
cDNA Synthesis Kit (Tiangen, China), and subsequently, the cDNA was collected and stored at —80°C. Quantitative Real-
Time PCR was detected by the ABI StepOnePlus™ Real-Time PCR System with Tower (United States) under the following
conditions: 95°C for 15 min, followed by 40 cycles of 10s at 95°C, and 30s at 60°C. The primer sequences of three hub
genes are shown in Supplementary Table 2. Each experiment was performed in triplicate, and the relative expression of

mRNA was normalized to the endogenous expression level of GAPDH through the 2-A A Ct method.

Results
Identification of Hub Gene Related to ITP

Expression variance analysis was performed with the limma package, using p<0.05 and |logFC|>1 as filtering criteria, to
obtain 52 DEGs between normal and ITP samples, and the results are shown in Figure 1A. Based on these 52 DEGs,
SVM-RFE analysis (Figure 1B and Supplementary Table 3) and LASSO analysis (Figure 1C and Supplementary Table 3)
were performed to identify the key genes related to ITP; thus, the intersection of the SVM-RFE and LASSO regression

analysis presented three common key genes (CTH, OSBP2, and TAF8) which were obtained for further analysis
(Figure 1D). We noticed that the expression of CTH and TAFS8 was higher, while OSBP2 was lower, in the ITP sample
compared with the normal sample (Figure 1A).

Validation of Hub Genes

The above results revealed that the expression of CTH, OSBP2, and TAF8 was meaningful for the identification of ITP.
We then examined the expression of these three genes in the peripheral blood of 50 ITP patients and 20 healthy controls
(HCs) for validation. The results seen in Figure 2 show that the expression of CTH and TAF8 was higher in ITP patients
than HCs (CTH: 1.440.25 vs 0.35+0.14 and TAF8: 1.49+0.29 vs 0.66+0.16, respectively) while OSBP2 expression was
lower in ITP patients than HCs (1.05+0.21 vs 1.29+0.34, respectively), which was consistent with the above results.
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Figure | Identification of DEGs. (A) The results of DEGs. (Al) The Volcano plot of DEGs; (A2) The Heatmap of DEGs. (B) The results of SVM-RFE analyses. (C) The results of
LASSO analyses. (D) The Venn diagram of the intersections of LASSO regression analysis and SVM-RFE analyses.
Abbreviations: DEGs, differentially expressed genes; LASSO, least absolute shrinkage and selector operation; SVM-RFE, support vector machines-recursive feature elimination.

m —
N T-test, p = 0.0011 T-test, p =2.2e-16 T-test, p=2.1e-16
o
o N
<
4
14
E v |
'06 -
")
c
o
w 9 _|
0
2 -
S
X
o
o V9 _]
£ o
|—
g — = HC
= ITP
I | |
OSBP2 CTH TAFS8

Figure 2 The expressions of hub genes in HCs and ITP groups. Yellow represents the ITP samples, blue represents the HCs samples.
Abbreviations: HCs, healthy controls; ITP, primary idiopathic thrombocytopenia.
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Functional Enrichment Analysis

To better understand the role of DEGs in ITP, we then performed functional enrichment analysis. The results of DO
enrichment analysis showed that DEGs were mainly associated with inflammatory immune-related diseases (Figure 3A).
The results of GO enrichment analysis showed that the function of DEGs mainly focused on the regulation of vasculature
development, cytokine activity, and leukocyte migration (Figure 3B), indicating that ITP might have a strong relationship
with vasculature and inflammation-related factors. The results of KEGG analysis also demonstrated that these genes
mainly regulate inflammation-related pathways (Figure 3C), such as the JAK-STAT signaling pathway, cytokine-cytokine
receptor interaction, and Toll-like receptor signaling pathway.

Immune Cell Infiltration in ITP Sample
The CIBERSORT and ssGSEA analyses were performed to explore the immune microenvironment of ITP (p < 0.05). The results
of the CIBERSORT analysis are presented in a histogram (Supplementary Figure 2) and a violin plot (Figure 4A), demonstrating

that memory B cells, activated NK cells, MO macrophages, and M1 macrophages were the main infiltrating immune cells. The
results of ssGSEA analysis indicated that macrophages and typel T helper cells were higher, while activated CD8 T cells, mast
cells, and plasma cytodendritic cells were lower, in the ITP sample compared with those in the normal sample (Figure 4B).
Subsequently, the correlation of three hub genes (CTH, OSBP2, and TAFS) and those immune cells obtained from the results of
ssGSEA were evaluated (Figure 4C), demonstrating that CTH, OSBP2, and TAFS had a closed relationship with macrophages.

A B

) ) signaling receptor activator activity-
autoimmune disease

secondary active transmembrane transporter activity-
response to lipopolysaccharide- U
reproductive system development-
reproductive structure development-
regulation of vasculature development-
regulation of angiogenesis-
qvalue receptor ligand activity- logFC
placenta development- | j o
maintenance of location-
6e-04 leukocyte migration-
9e-04 leukocyte chemotaxis- 005
external side of plasma membrane- |
cytokine receptor binding-
cytokine activity-
cell chemotaxis-
cargo receptor activity-
anion transmembrane transporter activity-
active transmembrane transporter activity-
active ion transmembrane transporter activity-

parasitic infectious disease -

parasitic protozoa |
infectious disease

bacterial
infectious disease

endocrine system disease 1 3e-04
hyperthyroidism -
dermatitis

trypanosomiasis

purpura-

o
8

blood platelet disease

[
o
-
o

Cytokine-cytokine receptor | @
interaction

Viral protein interaction
with cytokine and cytokine - D
receptor

Amoebiasis - [ 2 Count

Toll-like receptor signaling | P
pathway

JAK-STAT signaling pathway - D

Pertussis - L] 0.05
0.10
0.15
Hematopoietic cell lineage - [ J

African trypanosomiasis - e

Acute myeloid leukemia - -

0.05 0.10 0.15 0.20
GeneRatio

Figure 3 Functional enrichment analysis of DEGs. (A) The results of DO analysis. (B) The results of GO analysis. (C) The results of KEGG analysis.
Abbreviations: DEGs, differentially expressed genes; DO, disease ontology; GO, gene ontology; KEGG, Kyoto Encyclopedia of Genes and Genome.
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Figure 4 Immune cell infiltration analysis. (A) The results of CIBERSORT. (B) The results of ssGSEA analysis, *p<0.05, **p<0.01. (C) Correlation analysis based on the
results of ssGSEA analysis. Blue represents negative correlation; red represents positive correlation.

Specifically, the expressions of CTH (Figure 5A1 and Figure 5) and TAFS8 (Figure SA3 and Figure 5) were positively correlated
with M1, while OSBP2 expression was negatively correlated with M1 (Figure 5A2 and Figure 5).

Diagnostic Effectiveness of Biomarkers for ITP

To clarify whether the hub genes could be used as markers to distinguish healthy individuals from ITP patients, we
constructed a neural network model, which contains three layers, the input layer, the hidden layer, and the output layer. In
the input layer, the expressions of three hub genes of all ITP and healthy samples in the GSE43177 dataset were input
and present in three neurons (I1-13). In the hidden layer, there are five neurons representing five logistic regression
operations (H1-HS). After that, two neurons were output indicating that these data were classified into two categories
(O1, 02). The neurons in the hidden layer and the output layer are expressed by the activation function. To prevent
excessive deviation of the regression coefficients of the function, the initial value of the bias unit (B1, B2) is set to 1, the
detail were showed in Supplementary Figure 3.

Overall, the results present good discrimination between ITP patients and healthy individuals. (Figure 6A).
Subsequently, the accuracy of the model was evaluated with ROC curves. As shown in Figure 6B, the model had high
accuracy [AUC=0.939, 95% CI (0.8-1)], indicating that the three hub genes could be used as biomarkers for the
diagnosis of ITP.
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Discussion

ITP is an autoimmune disease characterized by thrombocytopenia.”' Innate and adaptive immune responses play an
integral role in the pathogenesis of ITP. A growing number of studies have shown that the immune microenvironment
created by the activation of complex interactions among immune cells and immune infiltration is the main cause of
thrombocytopenia in ITP patients.”? Currently, ITP is a diagnosis of exclusion, since effective biomarkers have not been
established for diagnosis, resulting in clinical difficulties in diagnosis and misdiagnosis. Therefore, scholars have been
dedicated to exploring the pathogenesis of ITP and searching for potential biomarkers, and the development of
bioinformatics has provided an effective analysis method for this endeavour.”® In this study, we used a comprehensive,
objective, and validated bioinformatics approach to screen core genes associated with the regulation of immune cell
infiltration and to identify validated biomarkers for the diagnosis of ITP.

Initially, the DEGs between ITP patients and HCs were identified by the limma package, and functional enrichment
analysis was performed to better understand the biological functions of these DEGs in ITP. The results showed that DEGs
were mainly associated with inflammatory immune-related diseases, suggesting that ITP may have a strong relationship
with the vascular system and inflammation-related factors, and act through pathways such as the JAK-STAT signaling
pathway, cytokine-cytokine receptor interactions, and Toll-like receptor signaling.

Subsequently, SVM-RFE and LASSO analysis were performed to screen feature genes of ITP. The SVM-RFE analysis is a
powerful feature selection algorithm in bioinformatics. SVM-REF can construct feature-ranking coefficients based on the
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weight vectors generated by the samples, and remove the feature with the smallest ranking coefficient in each iteration to
obtain a decreasing ranking of all feature attributes. When the number of relevant features of the disease is large, this method
can avoid the errors caused by overfitting. LASSO regression analysis is another method used to screen for disease
characteristic variables.”* LASSO regression incorporates a regular term to reduce the weight of features without useful
information for the purpose of reducing overfitting.>* Based on these two analysis methods, CTH, OSBP2, and TAF8 were
obtained as the key genes of ITP.

The CTH gene encodes a cytoplasmic enzyme in the transsulfuration pathway, which is derived from methionine, can
be converted to cysteine, and is associated with glutathione synthesis. CTH is thought to be an influential factor in
platelet activation and platelet aggregation.>* It is also closely associated with immunity and inflammation and was
found to be one of the downstream effector molecules of glucocorticoids.?’*® The TAF8 gene is a component of the
universal transcription factor II D (TFIID), which plays a central role and is associated with the survival of embryonic
stem cells. The deficiency of TAF8 in mouse embryonic stem cells leads to an overall reduction in cell death and
transcription.”®*° The OSBP2 gene is involved in immunity, reproduction, and growth.*' Mutations in OSBP2 enhance
the hematopoietic differentiation potential of pluripotent stem cells induced by juvenile granulocytic leukemia.*” In
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conclusion, these three genes are associated with immune function, cell differentiation, and inflammation, and help reveal
the pathogenesis of ITP.

Subsequently, CIBERSORT and ssGSEA analyses were performed to explore the immune microenvironment of ITP.
Typel T helper cells, MO macrophages, and M1 macrophages were found to be the major infiltrating immune cells.
Macrophages have an effect on autoantibody-mediated platelet clearance in ITP.>* M1 and M2 macrophages have distinct
phenotypes and unique characteristics; M1-like macrophages inhibit megakaryopoiesis, while M2-like macrophages
promote megakaryopoiesis.'> The imbalance of M1 and M2 macrophage polarization is a novel mechanism in the
pathogenesis of ITP.** Research reveals a significant increase in the number of M1 macrophages in the spleen of ITP
patients.”> M1 polarization can further lead to an increase in type 1 T helper cells, and Th1 polarization is closely related
to ITP%38 Thi polarization was a result of M1 polarization, thus, M1 polarization may lead to ITP, and both the
predominant phenotype of M1-polarized macrophages and the elevated ratio of T helper 1 and T helper 2 lymphocytes
(Th1/Th2) can contribute to the development of ITP.***°

Therefore, the results of the CIBERSORT and ssGSEA analyses in this study are consistent with the results of
previous studies. We also noted that high expression of CTH and TAF8 in ITP patients positively correlated with M1 cell
expression, whereas low expression of OSBP2 in ITP patients negatively correlated with M1 cell expression. It is
reported that the expression of CTH leads to defective macrophage activation.*' TAF8 was one of the TATA Box Binding
Protein (TBP)-Associated Factors, which was found to be involved in macrophage-mediated inflammatory responses.****
OSBP2 belongs to a big family, which constitutes sterol and phosphoinositide binding/transfer proteins in eukaryotes
from yeast to man, they were also proved to be related to macrophage migration.** Finally, these results suggest that the
abnormal expression of these three genes in ITP patients may be associated with M1 polarization.In summary, we believe
that CTH, TAF8, and OSBP2 genes can be used as diagnostic markers for ITP; therefore, a diagnostic model of ITP was
constructed by means of a neural network, and the accuracy of the model was evaluated by the ROC curve.

Neural networks are a machine learning technology that is based on many neurons called activation units, each of
which is a learning model. These activation units can adopt a number of features as input to provide a logical output.*>~*’
The results show that our model has high accuracy, indicating that the three pivotal genes can be used as biomarkers for
the diagnosis of ITP.

However, this study has certain limitations. First, the original data sample size was small and the amount of data
available in the database on gene sequencing in ITP patients was limited. Secondly, this study only analyzed data from a
bioinformatic approach, and further specific in vitro and in vivo functional experiments are needed to validate the data.
Finally, this study only analyzed the relevant biological indicators from a single perspective and lacked multi-omics tests.

Overall, our study provides insights into the immune cells and immune infiltration associated with ITP, as well as identified
validated diagnostic biomarkers for ITP (CTH, OSBP2, and TAFS8) and witnessed the significant differences of biomarkers
between ITP patients and HCs by clinical specimens. The expression of these three genes in ITP patients may be associated
with M1 polarization. Therefore, this study may provide new implications for the diagnosis and immune mechanisms of ITP.

Conclusion

Based on the GEO dataset, we comprehensively analyzed and validated the gene expression profiles associated with ITP
patients. We clarified CTH, TAF8, and OSBP2 as new diagnostic biomarkers for ITP. These markers are also proved to
be associated the immune infiltration, which have good diagnostic value. Overall, we provide a potential clinical
diagnostic model of the ITP in this study, which is helpful for ITP clinical practice. However, more clinical practices
are still needed for further validation.
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