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Purpose: Amyotrophic lateral sclerosis (ALS) is a fatal neurodegenerative disease. Progressive loss of motor neuron function and
disruption of the blood-brain barrier are key features of ALS. Under the influence of chemokines, peripheral immune cells migrate into
the central nervous system, thereby affecting the neuronal microenvironment. The aim of this study is to classify ALS based on the
immune characteristics of peripheral blood in patients with the disease, and to construct prognostic models.

Patients and Methods: A total of 397 ALS patients and 645 healthy controls (GSE112676 and GSE112680) were included. ALS
chemotactic subtypes were constructed based on differentially expressed genes of chemokine and chemokine receptors (CCRs). The
Cibersort algorithm was used to investigate the abundance of immune cells in peripheral blood. Univariate Cox regression analysis
was performed to screen for CCRs genes, clinical characteristics, and immune cells associated with prognosis. Prognostic models were
constructed based on these variables. Finally, external validation was conducted using samples from ALS patients diagnosed at the
First Affiliated Hospital of Sun Yat-sen University.

Results: There were significant differences in the abundance of peripheral immune cells between ALS patients and healthy controls.
17 CCRs genes were identified as differentially expressed. CCL23, CCR8, CXCR4, site of onset, age of onset, and “CD4 naive T
cells” were demonstrated to be significantly correlated with survival time. Two chemotactic subtypes were established. Eight
prognostic models could distinguish between high-risk and low-risk ALS patients. At year five, the areas under the receiver operating
characteristic curves for the PIsRcox, Coxboost, and Xgboost algorithms were 0.747, 0.733, and 0.728, respectively. External test sets
successfully validated these results.

Conclusion: ALS patients exhibit peripheral immune abnormalities. Peripheral immune status could be used to distinguish ALS subtypes
and construct prognostic models. Understanding peripheral immune changes in ALS patients may inform potential immunotherapies.
Keywords: amyotrophic lateral sclerosis, peripheral immunity, chemokine, chemokine receptor

Introduction

Amyotrophic lateral sclerosis (ALS) is a rare and fatal neurodegenerative disease. According to 2016 data, the reported
incidence of ALS in China was approximately 1.65 per 100,000, with a higher incidence in men than in women, and the
incidence gradually increase with age." ALS has heterogeneous clinical manifestations, primarily characterized by
damage to upper and lower motor neurons, resulting in progressive, painless muscle weakness and atrophy in the
medulla oblongata and limbs. Symptoms include dysarthria, dysphagia, choking when drinking water, and decreased
muscle strength in the limbs.? ALS can be classified as familial or sporadic types. Familial ALS is primarily associated
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with genetic mutations, particularly in genes such as superoxide dismutase 1, TAR DNA-binding protein 43 and fused in
sarcoma. In contrast, the pathogenesis of sporadic ALS remains unclear.’

Peripheral blood testing is a promising approach for diagnosing and treating ALS due to its cost-effectiveness and
minimal invasiveness.* Recently, it has been demonstrated that the peripheral immune response participates in the
pathological progression of ALS by producing inflammatory factors and undergoing changes in the number of immune
cells.” For instance, elevated levels of Th2 cells and regulatory T cells (Tregs) in the early stages of ALS have been
associated with longer survival.® These cells are thought to have neuroprotective effects through their interaction with
microglia via the secretion of anti-inflammatory cytokines from the peripheral immune system, such as interleukin 4 and
interleukin 10.”* As the disease progresses, there is a shift towards neurotoxic, pro-inflammatory Thl and Th17 cells,
accompanied by a reduction in Th2 and Treg cells. An increase in Th17 cells has been linked to greater functional
disability and is mediated by the secretion of pro-inflammatory cytokines, such as interleukin 17 and interleukin 23.° In
addition, CD8" T cells mediated neurotoxicity through the Fas/FasL and granzyme/perforin pathways following infiltra-
tion into the spinal cord.'® Furthermore, natural killer cells and neutrophils in the peripheral blood of ALS patients can
infiltrate the spinal cord, carrying a poor prognosis.'''? Therefore, exploring the immune status of peripheral blood may
help to elucidate the mechanisms of ALS progression and subtype classification and predict survival.

In this study, whole blood transcriptome data from the Gene Expression Omnibus (GEO) to reveal differences in the
immune microenvironment and abnormally activated pathways in the peripheral blood of patients with sporadic ALS.
Meanwhile, data from the First Affiliated Hospital of Sun Yat-sen University were used to validate the above results. We
hope that our study may contribute to the accurate diagnosis and treatment of ALS.

Material and Methods

Datasets and Quality Control

Whole blood human ALS microarray datasets (GSE112676 and GSE112680) were retrieved from the GEO database.
These datasets comprise 397 ALS samples and 645 healthy control samples. The “sva” package was used to remove
batch effects from the two datasets (Supplementary Figure 1). The study flow chart is shown in Figure 1.
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Figure | Study flow chart.
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Evaluation of Immune Cells in Peripheral Blood
The Cibersort algorithm was used to calculate the relative abundance of 22 immune cells in different groups (https://
cibersortx.stanford.edu/).

Differentially Expressed Genes Analysis and Consensus Clustering Analysis
The “Limma” package was used for the analysis of differentially expressed genes (DEGs), with the “adjust-p < 0.05”
criterion set. The “ConsensusClusterPlus (CCP)” and “Limma” packages were used for consensus clustering analysis.

Construction of the Prognostic Model

Univariate Cox regression analysis was performed on the clinical characteristics, immune cell abundance, and DEGs of
chemokines or chemokine receptors to identify variables with significant differences (p < 0.05). The ALS prognostic
models were constructed using eight algorithms, including Coxboost, Gradient Boosting Machine (GBM), Lasso Cox,
PlsRcox, Random Survival Forests (RSF), SuperPC, Survivalsvm, and Xgboost. The time-dependent receiver operating
characteristic (ROC) analysis was performed to assess patient survival at 1, 3, and 5 years. The area under the curve
(AUC) was used to evaluate their performance.

Enrichment Analysis

The “ClusterProfiler” package and DEGs (Jlog2FC| > 1, adjust-p < 0.05) of subgroups were used to analysis gene
ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG). Gene set enrichment analysis (GSEA)
incorporated the ranking and weighting of log2FC values into its analysis. Given the large sample size, gene set variation
analysis (GSVA) was also applicable to this study. The “Limma” and “GSVA” packages were used for GSVA.

External Test Set

The external test set comprises transcriptome sequencing data from the whole blood samples of 32 ALS patients. These
patients were diagnosed at the First Affiliated Hospital of Sun Yat-sen University between July and December 2021.
Clinical information and whole blood samples of patients were collected at the time of diagnosis. The follow-up period
ends in March 2025. RNA was extracted from samples using TRIzol. Oligo dT-coated magnetic beads were used for
enriching mRNA from the total RNA. Quality analysis was performed using an Agilent 2100 Bioanalyzer. Libraries were
sequenced on an [llumina platform. This study complied with the Declaration of Helsinki and was approved by Ethic
Committee for clinical research and animal trials of the First Affiliated Hospital, Sun Yat-sen University ([2021]260).

Results

The Immune Cells of Peripheral Blood in ALS Patients and Healthy Controls

The immune cells of peripheral blood in 397 ALS patients and 645 healthy controls were analyzed using the
CIBERSORT algorithm (Figure 2A). The results revealed significant differences in immune cell composition between
ALS patients and healthy controls (Figure 2B). The relative amounts of “T cells CD4 memory resting”, “Monocytes”,
and “Neutrophils” in the patient group were significantly higher than that in the healthy group. In contrast, the healthy
group had more “T cells regulatory”, “NK cells resting”, and “Dendritic cells activated” than the patient group. The
effects of gender, site of onset, and age of onset on peripheral blood immune cells in ALS patients were further evaluated.
Male patients had higher “T cells CD4 memory activated”, “NK cells resting”, “Monocytes”, “Mast cells resting”
(Figure 2C and D). Patients with bulbar-onset had higher levels of “B cells CD4 memory”, “T cells CD4 memory
activated”, “T cells regulatory”, and “Dendritic cells activated”, while patients with spina-onset had higher levels of
“monocytes” (Figure 2E and F). For patients of different ages, “T cells CD4 naive”, “T cells CD4 memory resting” and
“T cells regulatory” were higher in the lower-age group and “Monocytes” were higher in the higher-age group (Figure 2G
and H). In summary, the proportion of peripheral blood immune cells in ALS patients was abnormal, with a high degree

of heterogeneity among individuals.
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Classification of ALS Subtypes Based on Chemokine and Their Receptors
The infiltration of peripheral blood immune cells into the central nervous system is largely depends on chemokines and
their receptors. DEG analysis of peripheral blood from ALS patients and healthy controls identified 8,213 differentially

expressed genes (Supplementary Figure 2A). Compared with a collection of

64 chemokines and their receptors,'> 17

differentially expressed genes were selected for ALS subtype classification (Supplementary Figure 2B). Based on these
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Figure 2 Abundance of peripheral blood immune cells. (A) Abundance of peripheral blood immune cells in ALS patients and healthy controls. (B) Differences in peripheral
blood immune cells between ALS patients and healthy controls. (C) Abundance of peripheral blood immune cells in male and female ALS patients. (D) Differences in
peripheral blood immune cells between male and female ALS patients. (E) Abundance of peripheral blood immune cells in bulbar-onset and spinal-onset ALS patients. (F)
Differences in peripheral blood immune cells between bulbar-onset and spinal-onset ALS patients. (G) Abundance of peripheral blood immune cells in high-age and lower-
age ALS patients. (H) Differences in peripheral blood immune cells between high-age and lower-age ALS patients. *P < 0.05, **P < 0.01, ***P < 0.001.

17 genes of chemokines and their receptors, the CCP algorithm was used to classify ALS patients into subtypes. The
results showed significant differences between groups when ALS patients were divided into two (group A) or three
(group B) groups (Figure 3A and B). These ALS subtypes were defined as chemotactic subtypes.

Clinical Characteristics of Chemotactic Subtypes

When ALS patients were divided into two groups, each group was named group Al and group A2. The age of onset was
later in group Al than in group A2 (Figure 3C). Furthermore, the majority of patients in group Al were spinal-onset
(Figure 3D). However, there were no significant gender differences between the two groups (Figure 3E). Moreover,
monocytes and neutrophils were higher in group Al than in group A2, suggesting a higher inflammatory state of
peripheral blood in group A1. Memory B cells, naive CD4" T cells, and Tregs were higher in group A2 than in group Al,
suggesting a stronger immune regulatory capacity in group A2 (Figure 3F). When ALS patients were divided into three
groups, they were named group B1, B2 and B3. The age of onset in group B3 was significantly younger than that in
groups Bl and B2 (Figure 3G). In addition, the proportion of males in group B2 was significantly higher than that in
groups B1 and B3 (Figure 3H). However, there was no significant difference in the location of onset among the three
patient groups (Figure 31). The classification of the three groups also revealed significant differences in peripheral blood
immune cells in each group, including “T cells CD8”, “T cells CD4 naive”, “T cells regulatory”, “Monocytes”, and
“Neutrophils” (Figure 3J). In summary, ALS patients in different groups exhibit differences in clinical characteristics and
peripheral immunity based on the classification of chemotactic subtypes.

Gene Ontology Features of Chemotactic Subtypes

To further distinguish differences among ALS subtypes, GO database, GSEA and GSVA were used to characterize the
features of different subgroups. Groups Al and A2 were found to differ in terms of protein synthesis, transport,
metabolism, and immune regulation (Figure 4A, B). Further GSVA analysis revealed that group Al exhibited stronger
protein synthesis, transport, and metabolic capabilities, while group A2 demonstrated superior immune regulatory
capacity (Figure 4C). When ALS patients were divided into three groups, group B1 exhibited strong protein synthesis,
transport, and metabolic capabilities, but relatively weak glucose metabolism (Figure 4D-F). Group B2 was highly
correlated with immune regulation (Figure 4G-I). Group B3 exhibited strong nucleotide metabolism but reduced protein
modification capacity (Figure 4J-L). In summary, there are distinct differences exist among chemotactic subgroups in
terms of biological processes, cellular components, and molecular functions.
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Figure 3 Clinical characteristics of chemotactic subtypes. (A) Consensus matrices of A groups in chemotactic subtypes. (B) Consensus matrices of B groups in chemotactic
subtypes. (C) Differences in age of onset between group Al and group A2. (D) Differences in gender between group Al and group A2. (E) Differences in site of onset
between group Al and group A2. (F) Differences in age of onset among groups Bl, B2, and B3. (G) Differences in gender among groups Bl, B2, and B3. (H) Differences in

site of onset among groups Bl, B2, and B3. () Differences in peripheral blood immune cells between group Al and group A2. (J) Differences in peripheral blood immune
cells among groups Bl, B2, and B3. *P < 0.05, ***P < 0.001.
Abbreviation: NS, no significance.
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Molecular Pathways of Chemotactic Subtypes
The KEGG database, GSEA, and GSVA were used to distinguish molecular pathways among chemotactic subgroups. Group

Al may be associated with GTPase regulation (Rho signaling pathways), whereas group A2 lacks specific pathways
(Figure 5A and B). Similar to group A1, group Bl may also be associated with GTPase regulation and mitophagy, including
the Rho and Parkin signaling pathways (Figure SC-E). In addition, the activating transcription factor 5 (ATFS5) signaling
pathway was up-regulated and the Wnt signaling pathway was down-regulated in group B1 (Figure 5E). Group B2 exhibits
upregulation of the inflammasome and Ras signaling pathways, suggesting its immune activation status (Figure 5F and G). In
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Figure 4 Gene ontology features of chemotactic subtypes. (A) GO of group Al and group A2. (B) GSEA of group Al and group in GO A2. (C) GSVA of group Al and
group A2 in GO. (D) GO of group BI. (E) GSEA of group Bl in GO. (F) GSVA of group Bl in GO. (G) GO of group B2. (H) GSEA of group B2 in GO. (I) GSVA of group B2
in GO. (J) GO of group B3. (K) GSEA of group B3 in GO. (L) GSVA of group B3 in GO.

contrast to group B1, group B3 exhibited upregulation of the Wnt signaling pathway and downregulation of the Rho signaling
pathway (Figure SH and I). In summary, the changes in signaling pathways among the chemotactic subgroups are distinct.

Construction and Validation of Prognostic Models

A total of 397 ALS patients were randomly assigned to a train set and a test set in a 3:1 ratio. Univariate Cox regression
analysis was employed to identify variables in the train set that were significantly associated with survival time in ALS
patients. Three chemokines or chemokine receptors (CCL23, CCR8, and CXCR4), site of onset, age of onset, and “T
cells CD4 naive” abundance were demonstrated to be significantly correlated with survival time in ALS patients
(Supplementary Table 1). Simultaneously, the multicollinearity analysis of the six variables revealed no evidence of

collinearity among them (Supplementary Table 2). Based on the above variables, eight machine learning algorithms were

employed to construct prognostic models, including Coxboost, GBM, Lasso Cox, PIsRcox, RSF, SuperPC, Survivalsvm,
and Xgboost. These eight survival models have been validated in the test set and were shown to effectively distinguish
high-risk patients from low-risk patients (Figure 6A—H). Additionally, time-dependent ROC analysis was performed to
assess patient survival at one, three, and five years. The results indicate relatively poor predictive performance in the first
and third years (Figure 61 and J), while significant improvement was observed in the fifth year (Figure 6K). Among them,
the PIsRcox, Coxboost, and Xgboost algorithms demonstrated the best predictive performance, with area under the curve
(AUC) values of 0.747, 0.733, and 0.728, respectively. Based on this analysis, we identified variables associated with
prognosis and established models capable of predicting the prognosis of ALS patients. Therefore, six variables associated
with ALS prognosis were identified, and three reliable ALS prognostic models were established.

Validation of Chemotactic Subtypes in External Test Set
Transcriptome sequencing data from peripheral blood samples of 32 ALS patients from the First Affiliated Hospital of
Sun Yat-sen University were used as an external validation set (Supplementary Table 3). Similar to the data from

GSE112676 and GSE112680, the external dataset showed consistent proportions of peripheral blood immune cell
abundance across different subgroups. For instance, male patients exhibited higher levels of “T cells CD4 memory
activated” and “NK cells resting” in the external test set (Figure 7A). Although there were no significant differences in
immune cell abundance across subgroups defined by site of onset or age of onset, a similar trend was observed
(Figure 7B and C). Then, 17 chemokines or chemokine receptors were used to distinguish ALS subtypes in the external
test set. When the ALS patients were divided into two groups, significant differences were observed between the groups
(Figure 7D). Although no significant difference was observed, the age of onset in group A2 was earlier, consistent with
the test set (Figure 7E). Due to the small sample size of the external test set, no significant differences were observed in
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Figure 5 Molecular pathways of chemotactic subtypes. (A) KEGG of group Al and group A2. (B) GSVA of group Al and group A2 in KEGG. (C) KEGG of group BI. (D) GSEA of
group Bl in KEGG. (E) GSVA of group Bl in KEGG. (F) KEGG of group B2. (G) GSVA of group B2 in KEGG. (H) KEGG of group B3. (I) GSVA of group B3 in KEGG.

gender, or site of onset (Supplementary Figure 3A and B). Finally, the above 6 variables (Supplementary Table 1) and
eight algorithms were used to construct a prognostic model in external test set. Lasso Cox, SuperPC, Survivalsvm, and
Xgboost successfully distinguished the high-risk group and the low-risk group (Figure 7F-I), while Coxboost, GBM,
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RSF, and PlsRcox failed (Supplementary Figure 3C-F). In summary, the external test set confirmed the chemotactic

subtypes and prognostic models for ALS patients.

Discussion

The median survival time for ALS patients is typically only 3—5 years, with a poor prognosis and significant individual
variation.'* This study aims to establish a new subtype classification for ALS and develop prognostic models to predict
survival duration in ALS patients. In this study, chemotactic subtypes of ALS were constructed based on the expression
levels of peripheral blood chemokines and their receptors. Additionally, we used eight algorithms to develop prognostic
models for ALS patients. Finally, we validated these results using an external test set from the First Affiliated Hospital of
Sun Yat-sen University.
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Figure 6 Construction and validation of prognostic models. (A) Construction and validation of survival curves for high-risk and low-risk groups by Coxboost algorithm. (B)
Construction and validation of survival curves for high-risk and low-risk groups by GBM algorithm. (C) Construction and validation of survival curves for high-risk and low-
risk groups by Lasso Cox algorithm. (D) Construction and validation of survival curves for high-risk and low-risk groups by PIsRcox algorithm. (E) Construction and
validation of survival curves for high-risk and low-risk groups by RSF algorithm. (F) Construction and validation of survival curves for high-risk and low-risk groups by
SuperPC algorithm. (G) Construction and validation of survival curves for high-risk and low-risk groups by Survivalsvm algorithm. (H) Construction and validation of survival
curves for high-risk and low-risk groups by Xgboost algorithm. (I) The predictive efficiency of the risk signature in receiver operating characteristic curves at the first year.
(J) The predictive efficiency of the risk signature in receiver operating characteristic curves at the third year. (K) The predictive efficiency of the risk signature in receiver
operating characteristic curves at the fifth year. In each panel: Train set (upper graph); Test set (lower graph).

ALS patients exhibit an abnormal abundance of immune cells in peripheral blood. In our study, ALS patients showed
elevated expression levels of neutrophils and monocytes, though CD8" T cells did not change significantly. Flow
cytometry also validated this finding.” Gender, age of onset, and site of onset are important clinical characteristics of
ALS patients.'® Increasing age and male gender are two significant risk factors for ALS, with an incidence ratio of 1.5:1
between males and females.'® Bulbar ALS is considered one of the most severe ALS because the appearance of bulbar
symptoms is linked to a quicker decline in function and a reduced survival period.'” Additionally, we found that the
abundance of peripheral blood immune cells varies among ALS patients of different genders, ages of onset, sites of onset.
Typically, peripheral immune cells cannot directly affect the central nervous system (CNS). However, ALS patients
exhibit impaired blood-brain barrier function, which allows peripheral immune cells to infiltrate the CNS under the
influence of chemokines, thereby affecting neuronal function and activity.'®?° Therefore, this study focused on the
expression levels of chemokines and their receptors to classify subtypes of ALS patients.

In this study, “T cells CD4 naive” and CCL23 were identified as prognostic protective factors for ALS, while CCR8
and CXCR4 were identified as risk factors. Naive CD4 T cells possess potent differentiation potential. Under stimulation
by cytokines such as interleukins and transforming growth factors, naive CD4 T cells can differentiate into Thl, Th2,
Th17, and Treg cells.”' A high abundance of naive CD4 T cells may indicate strong immunoregulatory potential. In ALS,

1.2 There are currently no studies on

a higher proportion of naive CD4 T cells may be associated with longer surviva
CCL23 and CCRS8 in ALS. Our research indicated that CCL23 may exert a protective effect against ALS, potentially

through its chemotactic action on resting T cells rather than activated T cells, ultimately mitigating inflammatory
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Figure 7 Validation of chemotactic subtypes in external test set. (A) Differences in peripheral blood immune cells between male and female ALS patients. (B) Differences in
peripheral blood immune cells between bulbar-onset and spinal-onset ALS patients. (C) Differences in peripheral blood immune cells between higher-age and lower-age ALS
patients of external test set. (D) Consensus matrices of A groups in chemotactic subtypes. (E) Differences in age of onset between group Al and group A2. (F) External
validation of survival curves for high-risk and low-risk groups by Lasso Cox algorithm. (G) External validation of survival curves for high-risk and low-risk groups by SuperPC
algorithm. (H) External validation of survival curves for high-risk and low-risk groups by Survivalsvm algorithm. (I) External validation of survival curves for high-risk and low-
risk groups by Xgboost algorithm. *P < 0.05, **P < 0.01.

Abbreviation: NS, no significance.

responses.” Previous studies have similarly identified a significant increase in CXCR4 in the peripheral blood of ALS
patients.”* Furthermore, treatment with CXCR4 antagonists has been shown to improve pathology and prolong survival
in ALS mouse models.”> In summary, differences exist in the expression of chemokines and their receptors in the
peripheral blood of ALS patients, and the causes and implications of these differences require further investigation.
This study classified ALS patients into either the A1/A2 or B1/B2/B3 chemotactic subtypes. Patients in group Al had
a later age of onset. The biological functions of group Al patients are associated with protein synthesis, metabolism, and
transport. Their molecular functions are related to the Rho signaling pathway, which suggests abnormal GTPase function.
Patients in®> group A2 had higher Treg abundance in their peripheral blood, and their biological functions were
predominantly immune-related, indicating robust immune regulatory capacity. Similar to group Al, group B1 patients
exhibited enhanced protein synthesis, metabolism, and transport capabilities associated with the Rho signaling pathway.

Additionally, group B1 patients are associated with mitochondrial autophagy and the Parkin signaling pathway. GO and

12 https: ImmunoTargets and Therapy 2026:15



Yang et al

KEGG analyses revealed that group B2 patients were enriched for IL-1B, Toll-like receptors (TLRs), and the Ras
pathway. TLRs are receptors for IL-1P, and Ras is downstream of TLRs, which is associated with inflammatory
responses.”®?’ In ALS, a high level of IL-1pB is considered an unfavorable factor because it increases inflammation in
the ALS microenvironment and accelerates disease progression.”® Additionally, elevated IL-1p levels have been observed
in the peripheral blood of ALS patients.”” Thus, the peripheral and central inflammatory levels of patients in group B2
may be elevated. Immunosuppressants may be more effective for this group. Patients in group B3 exhibited earlier age of
onset. Our preliminary findings indicate that younger-onset ALS patients tend to progress more slowly and have a better
prognosis.*® Furthermore, patients in group B3 exhibited upregulation of the Wnt signaling pathway activity, which also
serves as a self-protective signal for degenerating neurons.®' In summary, the precise classification of ALS patients based
on chemokines and their receptors is feasible and may provide insight into therapeutic approaches.

Based on the results of the univariate Cox regression analysis, we constructed ALS prognostic models using eight
algorithms. Each algorithm could distinguish between high-risk and low-risk groups. Furthermore, time-dependent ROC
analysis accurately predicted survival at the five-year mark after diagnosis in ALS patients. However, it did not
effectively distinguish patient survival outcomes during the first and the third years. This may be because ALS patients
typically have a relatively long time after diagnosis, though by the fifth year, a significant number of patients have
already passed away. When the model was validated using an external test set, Lasso Cox, SuperPC, Survivalsvm, and
Xgboost successfully distinguished between the high-risk and low-risk groups. However, due to the small sample size,
the differences were not statistically significant. Coxboost, GBM, RSF, and PIsRcox are derived from tree-based models,
which are low interpretability. Consequently, they struggle to effectively distinguish high-risk patients when sample sizes

are small. In summary, this study successfully developed prognostic models for ALS patients.

Conclusion
In this study, we identified heterogeneity in the proportions of peripheral blood immune cells among ALS patients. ALS
could be subtyped based on the expression levels of CCRs. Finally, our study successfully established a prognostic model

for ALS based on the clinical characteristics and expression levels of CCRs.
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