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ABSTRACT

This study characterized lysosome-associated membrane protein 1 (LAMP1)-related
immunometabolic abnormalities in Alzheimer disease (AD) and mild cognitive impairment (MCI)
using peripheral blood transcriptomic data from three GEO cohorts (GSE63060, GSE63061, and
GSE140829).

After preprocessing and cross-cohoit integration, directionally consistent LAMP1-related genes
were identified, and a composite index comprising ITTGAM, TTGB2, LAMP1, and GBA was
constructed. Analysesdncluded cotrelation, group compatison, ROC analysis, random-effects meta-
analysis, and leave-one-out validation.A total of 1262 samples were included.

LAMP1 was consistently elevated in AD and MCI versus controls, with pooled effect sizes of
Hedges’ ¢=0.330 and 0.514, trespectively. Immune-, lysosome-, and metabolism-related genes,
including ITGAM, ITGB2, GBA, GNS, RXRA, G6PD, and TCIRG1, showed concordant changes
across both conditions. The 4-gene index was also increased in AD and MCI (g = 0.543 and 0.648),
and-LAMP1 strongly correlated with the 3-gene index excluding itself (r=0.760).

These. findings suggest reproducible peripheral blood transcriptomic alterations related to
immune activation, lysosomal dysfunction, and metabolic regulation in AD and MCI. As this was a
secondaty analysis of public datasets without adjustment for blood-cell composition, the results
should be interpreted as exploratory molecular signals rather than definitive diagnostic biomarkers.

Keywords: Alzheimer disease; GEO database; I.AMP7; Mild cognitive impairment; Peripheral blood
transcriptome; Related molecular features

INTRODUCTION

Alzheimer disease (AD) is 1 of the most common
neurodegenerative disorders and the leading cause of
dementia in older adults. With accelerating population
aging, the number of people affected by AD and its
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associated socioeconomic burden continue to rise,
making it a major global public health challenge.!?
Unlike many acute neurological disorders, AD is
characterized by years of ongoing biological change
before overt clinical symptoms emerge. Consequently,
identifying molecular features that can reflect early
disease-related abnormalities has remained a central
objective in this field.

Mild cognitive impairment (MCI) is generally
viewed as an intermediate state between normal aging
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and dementia, and it represents a key stage in the AD
continuum.’ Previous studies have shown that the annual
conversion rate from MCI to dementia carries clear
clinical significance, suggesting that MCI is not merely
a phase of mild symptom fluctuation, but rather a
biologically meaningful window during ongoing disease
progression.* If peripheral, detectable, and cross-cohort-
stable molecular abnormalities can be identified at the
MCI stage, they may help illuminate the biological
transitions occurring along the disease continuum.

Traditionally, AD research has focused on classical
pathological processes such as amyloid-f deposition,
abnormal tau phosphorylation, synaptic dysfunction,
and neuronal loss.> However, increasing evidence
suggests that AD is not simply a neuron-centered
degenerative process. Instead, it involves immune
disequilibrium,  amplification of inflammation,
metabolic dysregulation, mitochondrial dysfunction,
and disruption of organelle clearance systems, all of
which interact in complex ways.®® This means_that
understanding AD solely through the lens of
pathological protein accumulation is insufficient; rather,
the disease is better conceptualized as a systemic
disorder involving coordinated _disturbances in
immunity, metabolism, and intracellular clearance.

Against this background, the concept of
immunometabolism has attracted growing attention.
Immunometabolism emphasizes the dynamic coupling
between immune cell@activation, inflammatory response
states, and pathways governing energy metabolism, lipid
metabolism, redox  balance, and  organelle
homeostasis® In. AD, innate. immune activation,
impaired phagocytosis, increased lysosomal burden, and
metabolic reprogramming are not isolated events. They
often occur in parallel, reinforce one another, and jointly
shape disease progression. In particular, myeloid
immune pathways and the autophagy-lysosomal system
have increasingly been recogmized as critical nodes
linking pathological accumulation, neuroinflammation,
and metabolic stress.

In biomarker discovery, cerebrospinal fluid and
neuroimaging markers have considerable value for AD
diagnosis and stratification, but their use remains limited
by invasiveness, cost, and accessibility.” Peripheral
blood, by contrast, is easy to obtain, suitable for repeated
testing, and compatible with large-cohort research,
which is why it remains an important direction in AD
biomarker studies. Beyond protein biomarkers,
peripheral blood transcriptomics can capture, at a
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systems level, immune cell states, inflammatory
signaling, metabolic programs, and pathway-level
molecular disequilibrium, thereby offering a broader
window into disease-related biology.!"!3 Previous work
has suggested that blood RNA changes in AD and MCI
often involve inflammation, lipid metabolism,
mitochondrial function, and cellular clearance pathways,
implying that peripheral blood is not merely a passive
reflection of central pathology, but may also carry
systemic information related to disease progression.!%!13

Among many candidate molecules, lysosome-
associated membrane protein 1 (LAMP]) is of particular
interest because it has relevance to both lysosomal
biology and immune-cell activation.  Also known as
cluster of differentiation 107a (CD107a), LAMPI is
involved in degranulation, granule trafficking, and the
effector function of natural killer’ (NK) cells and
cytotoxic T cells."* These biological properties make
LAMP] a suitable anchor for exploring the possible
connection between peripheral immune activation,
lysosomal stress, and metabolic disturbance in AD-
related cognitive impairment. However, the present
study was not designed to prove a direct mechanistic role
of LAMPI in disease onset or progression.

LAMP] also has a documented connection to the
pathophysiology of AD. Previous studies in human brain
tissue have shown that LAMPI mRNA and protein can
be upregulated in the frontal cortex of patients with
AD." At the same time, dysfunction of the autophagy-
lysosomal pathway is recognized as an important
component of AD pathology, affecting not only the
clearance of pathogenic proteins but also the
propagation of inflammatory and metabolic stress.'®
Therefore, examining LAMP] and its related molecular
network in peripheral blood transcriptomes is valuable
not only from a statistical screening perspective, but also
from a mechanistic standpoint.

However, analyses based on a single cohort are
vulnerable to variation in sample composition, platform
differences, and batch effects. Molecules that appear
significant in 1 dataset may not remain stable across
independent cohorts. For a heterogeneous disorder such
as the AD continuum, truly meaningful molecular
features should not only be significant within a single
cohort, but should also show consistent directional
changes across independent datasets and remain
compatible with established biological knowledge.
Accordingly, integrative analysis of multiple Gene
Expression Omnibus (GEO) peripheral blood
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transcriptomic datasets can improve the robustness and
credibility of the findings.

Based on this rationale, the present study selected 3
GEO peripheral blood transcriptomic datasets—
GSE63060, GSE63061, and GSE140829—to perform a
multi-cohort integrative analysis of AD, MCI, and
cognitively normal controls. GSE63061 corresponds to
the GPL10558 subseries within the GSE63063
SuperSeries. The study focused on LAMPI and its
related molecular features in 2 ways. First, cross-cohort
integration was used to identify candidate genes that
changed in the same direction as LAMPI and were
biologically linked to immune responses, lysosomal
function, and metabolic regulation. These genes were
regarded as representative candidates within the
LAMP-related peripheral molecular context rather than
as mutually exclusive or functionally superior
biomarkers. Second, a 4-gene composite index based on
integrin subunit alpha M (/TGAM), integrin subunit beta
2 (ITGB2), LAMPI, and glucosidase beta acid (GBA4)
was constructed to evaluate its change pattern and
robustness in AD and MCI. The aim was to characterize
the peripheral transcriptomic signature associated with
LAMPI in AD-related cognitive impairment and to
provide more systematic evidence for understanding
peripheral molecular abnormalities.

MATERIALS AND METHODS

Data Sources

All data used in this study were obtained from the
public GEO database. Three peripheral blood
transcriptomic - datasets ‘were included: GSE63060,!
GSE63061,'” and GSE140829.'8.1t should be noted that
GSE63063 is an AddNeuroMed-related  SuperSeries
containing multiple subseries; the GPL10558 batch
included in this study corresponds to its subseries
GSE63061. The study population comprised patients
with AD, patients with MCI, and cognitively normal
controls. Because all data were publicly available and
de-identified, no additional ethics approval was
required.

Sample Selection and Grouping

Diagnostic labels were extracted from the sample
annotation of each dataset, and only AD, MCI, and
control samples were retained. Unconventional labels
such as borderline MCI, OTHER, CTL to AD, and MCI
to CTL were excluded to reduce the impact of

inconsistent case definitions on group comparisons. The
final sample sizes were 329 for GSE63060, 382 for
GSE63061, and 551 for GSE140829. Age and sex
information was reviewed from the original GEO
metadata where available. However, demographic
variables were incomplete, inconsistently coded, or not
uniformly available across all included datasets.
Because the primary analysis was based on cross-cohort
integration of public transcriptomic datasets from
different  platforms, . harmonized  multivariable
adjustment for 'age and sex could not be reliably
performed across all cohorts. Therefore, the primary
comparisons. were - interpreted as  exploratory
transcriptomic associations, and residual confounding
by demographic factors was considered in the
interpretation of the results.

Data Preprocessing

For .GSE140829, we wused the pre-normalized
expression matrix provided by the original dataset to
extract gene-level expression values. GSE63060 and
GSE63061 were probe-level datasets. Probes were
mapped to gene symbols according to the corresponding
platform annotation files, and when multiple probes
mapped to the same gene, their mean expression value
was used ras the representative gene-level value.
Considering differences in detection platforms, sample
sources, and preprocessing procedures, each cohort was
analyzed independently before cross-cohort integration.
This approach was intended to reduce bias that could
arise from directly merging raw expression matrices
generated from different platforms.

Differential Analysis and Cross-Cohort Meta-
analysis

Within each dataset, group comparisons were
performed for AD versus controls and MCI versus
controls. For LAMP1 and the 4-gene composite index,
Hedges' g was calculated to estimate standardized effect
sizes. For candidate genes, effect direction, pooled log
fold change (logFC), and meta-analysis p values were
summarized. Candidate genes were prioritized by cross-
cohort consistency and biological relevance to immune
response, lysosomal biology, and metabolic regulation,
rather than by significance in a single dataset alone.

The candidate gene prioritization criteria were
defined before downstream interpretation as follows: (1)
directional consistency, namely the gene showed the
same direction of change in AD and MCI comparisons

Iran J Allergy Asthma Immunol, / 3

Published by Tehran University of Medical Sciences (http://ijaai.tums.ac.ir)


http://ijaai.tums.ac.ir/

Z. Wang, et al.

across cohorts; (2) statistical support from single-cohort
analyses and cross-cohort meta-analysis; and (3)
biological annotation related to immune regulation,
lysosomal function, or metabolic processes. LogFC was
treated as an indicator of effect magnitude, while cross-
cohort reproducibility was considered essential for
retaining a candidate gene.

Because transcriptome-wide comparisons involve a
large number of tests, Benjamini-Hochberg false
discovery rate (FDR) correction was applied where full
differential expression results were available. Nominal p
values and FDR-adjusted values were interpreted

together. Genes supported only by nominal significance
were considered exploratory candidates and were not
interpreted as definitive biomarkers.

Based on the above framework, ITGAM, ITGB2,
LAMPI, GBA, glucosamine (N-acetyl)-6-sulfatase
(GNS), retinoid X receptor alpha (RXRA), glucose-6-
phosphate dehydrogenase (G6PD), and T-cell immune
regulator 1 (7CIRGI) were retained as representative
LAMP]-related candidate genes, with LAMP1 used as the
anchor gene for subsequent correlation and composite-
index analyses. Representative volcano plots of the
differentially expressed genes are shown in Figure 1.

Meta differential expression: AD vs Control

25 4 ° o o
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Meta differential expression: MCI vs Control
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Figure 1. Meta-analysis volcano plots of differentially expressed genes in AD versus controls and MCI versus controls across 3

peripheral blood cohorts.
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Functional Enrichment Analysis

To provide pathway-level biological context for the
LAMPI-related  molecular  features, functional
enrichment analyses were performed using Gene
Ontology (GO), Kyoto Encyclopedia of Genes and
Genomes (KEGG), and preranked gene set enrichment
analysis (GSEA). GO and KEGG over-representation
analyses were conducted using genes with nominal
p<0.05 from the available differential expression table,
with all genes detected in the same table used as the
background gene set. GO analysis included biological
process, cellular component, and molecular function
categories. KEGG analysis used the human canonical
pathway collection. Multiple-testing correction was
performed using the Benjamini-Hochberg FDR method.

In addition, to avoid reliance on a single differential-
expression cutoff, GSEA was performed using all
detected genes ranked by the moderated ¢ statistic. Gene
sets were obtained from Molecular Signatures Database
(MSigDB) v6.2, including C5 GO biological process,
cellular component, molecular function gene sets and C2
KEGG gene sets. GSEA was run with 1000
permutations, a minimum gene set size-of 15, and a
maximum gene set size of 500. Because the available
differential expression table contained no individual
genes passing FDR<0.05, enrichment results were
interpreted as exploratory pathway-level biological
context rather than /definitive evidence of pathway
activation.

Protein-Protein Interaction Network Analysis

To evaluate . potential functional connections,
protein-protein interaction (PPI).network analysis was
performed. Human interactions were retrieved using the
Search Tool for the Retrieval of Interacting
Genes/Proteins (STRING) database. The seed proteins
included those encoded by /TGAM, ITGB2, LAMPI,
GBA, GNS, RXRA, G6PD, and TCIRGI. Functional
connections with a confidence score of 0.400 or greater
were considered, and additional neighbors were
included to construct a cohesive network. Network
visualization was subsequently performed to analyze
topology and key functional clusters.

Construction of the 4-Gene Composite Index

To characterize the broader molecular context
surrounding LAMPI, a 4-gene composite index was
constructed using ITGAM, ITGB2, LAMPI, and GBA.

Specifically, the expression values of these genes were
first standardized within each dataset, and the mean of
the 4 standardized expression values was calculated for
each sample as the composite index. This index was
intended to describe the shared trend of LAMPI-related
molecular change rather than to establish a direct clinical
diagnostic model. To reduce self-correlation in the
LAMP]I-centered validation step, a separate 3-gene
index excluding < LAMPI was also generated by
averaging the standardized expression values of ITGAM,
ITGB2, and GBA. The 4 genes were selected from the
candidate-set to represent-complementary functional
annotations: /TGAM and ITGB?2 are related to myeloid
immune adhesion, GBA is related to lysosomal lipid
degradation, and LAMPI is related to lysosomal
membrane  biology and immune-cell degranulation.
Other candidate genes were mnot excluded from
biological relevance; rather, this 4-gene index was used
as a_simplified exploratory summary of the LAMPI-
related molecular pattern.

LAMPI-Centered Validation

To examine whether LAMPI tracked a broader
peripheral molecular pattern rather than an isolated
single-gene signal, LAMP-centered validation analyses
were performed. Pearson correlation coefficients
between LAMPI and candidate genes, as well as
between LAMPI and the 3-gene index, were calculated
for each dataset. All coefficients were transformed using
the Fisher z transformation and pooled across cohorts to
generate meta-correlations. Samples were also stratified
into LAMPI-high and LAMPI-low groups based on
cohort-specific median expression, and the 3-gene index
was compared between the 2 groups to assess whether
higher LAMP] expression was accompanied by higher
expression of related molecules.

Peripheral transcriptomic profiles can be influenced
by differences in blood cell composition. Because
standardized raw data and cell-subset information were
not consistently available across all cohorts, cell-type
deconvolution was not included in the present analysis.
Therefore, the observed intergroup differences represent
overall molecular changes in peripheral blood, and the
present study could not fully distinguish intrinsic
transcriptional changes from shifts in leukocyte subsets.

Statistical Analysis
ROC analysis was used to evaluate the ability of
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LAMPI, the 3-gene index, and the 4-gene composite
index to distinguish AD or MCI from controls, and the
AUC was calculated. To test the stability of the main
findings, leave-one-out analyses were conducted for
both LAMPI and the 4-gene composite index by
recalculating pooled effect sizes after excluding 1
dataset at a time. Cross-cohort results were combined
using a random-effects model, and heterogeneity was
assessed using the I statistic. All statistical tests were 2-
sided, and p<0.05 was used as the reference threshold
for statistical significance. Data processing, statistical
analyses, and figure generation were performed in
Python. Importantly, the purpose of ROC analysis in this
study was to assess group discrimination trends in
related molecular features rather than to claim
immediate clinical applicability.

RESULTS

Included Datasets and Sample Distribution

A total of 3 peripheral blood transcriptomic-datasets
were included in this study: GSE63060, GSE63061, and
GSE140829. GSE63063 _GPL10558 corresponds to the
GPL10558 subseries within the GSE63063.SuperSeries.
After sample matching, verification of diagnostic labels,
and exclusion of unconventional categories, the final
analyzed sample sizes were 329, 382, and 551,
respectively. Specifically, GSE63060 included 104
controls, 80 individuals with MCI, and 145 individuals
with AD; GSE63061 included 134 controls, 109 with
MCI, and 139 with AD; and GSE140829 included 229
controls, 124 with-MCI, and 198 with AD. Together,
these 3 blood-based transcriptomic cohorts covered 2
critical disease stages; MCI'and AD. The characteristics
of these datasets are summarized in Table 1.

Cross-cohort Meta-analysis. Revealed Related
Molecular Abnormalities

In the cross-cohort meta-analysis, candidate genes
related to immune responses, lysosomal function, and
metabolic regulation—including ITGAM, ITGRB2,
LAMPI, GBA, GNS, RXRA, G6PD, and TCIRGI—
showed directionally consistent changes in both AD and
MCI and displayed reproducible trends across the 3
datasets. For example, the meta-analysis p value of
ITGAM was p=8.57 x 107'8 for AD versus controls and
p=636x10"7 for MCI versus controls; the
corresponding values for TCIRGI were p=1.08 x 1077
and p=1.77x107'%; for GBA, p=1.71x107"" and
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p=2.09x107'%; and for LAMPI, p=4.70x 1077 and
p=2.16 x 107'2, These results suggest that peripheral
blood in both AD and MCI may harbor molecular
changes related to immune activation, lysosomal
remodeling, and metabolic disequilibrium (Table 2).
The candidate gene set should be interpreted primarily
as representative molecular evidence with cross-cohort
reproducibility and biological plausibility, rather than as
a finalized biomarker panel established under a strict
genome-wide validation framework.

Functional Enrichment Analysis Provided Pathway-
Level Biological Context

To further evaluate whether the LAMPI-related
molecular pattern was embedded  within broader
biological pathways, GO, KEGG, and GSEA analyses
were performed. The available differential expression
table contained 6119 gene-level records. At the nominal
threshold. of p<0.05, 464 genes were identified,
including 360 genes with positive logFC and 104 genes
with negative logFC. No individual gene remained
significant after Benjamini-Hochberg FDR correction,
and the minimum adjusted p value was 0.4177.
Therefore, GO and KEGG over-representation analyses
based on the nominally altered genes were interpreted
cautiously as exploratory pathway-level analyses.

Over-representation analysis of the nominally
altered genes showed nominal enrichment of lipid-
metabolism-related terms, including long-chain fatty
acid metabolic process, arachidonic acid metabolic
process, and lipid metabolic process. However, these
terms did not remain significant after FDR correction,
indicating that the transcriptome-wide pathway signal
was modest in the available DEG table. Preranked
GSEA using the complete gene list identified suggestive
or nominal pathway-level trends related to immune and
metabolic processes, including negative regulation of
immune effector process, neutral lipid metabolic
process, fatty acid metabolism, and natural killer cell-
mediated cytotoxicity. These GSEA results were used as
exploratory biological context rather than definitive
evidence of pathway activation. Volcano plots
representing the distribution of differentially expressed
genes in AD versus controls and MCI versus controls are
shown in Figure 1.
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Table 1. Characteristics of included Gene Expression Omnibus datasets and sample distribution

Dataset Platform Control, n MCIL, n AD, n Total analyzed, n
GSE63060 GPL6947 104 80 145 329
GSE63061 GPL10558 134 109 139 382
GSE140829 GPL15988 229 124 198 551

AD: Alzheimer disease; GEO: Gene Expression Omnibus; GPL: Gene Expression Omnibus platform; GSE: Gene Expression

Omnibus series; MCI: mild cognitive impairment; n: number.

Table 2. Meta-analysis results of representative candidate genes with immune-, lysosomal-, and metabolism-related

relevance across 3 peripheral blood cohorts

Gene AD vs. Control logFC AD vs. Control p MCI vs. Control logFC MCI vs. Control p
ITGAM 0.211 8.57x 10718 0.155 6.36 < 107°
ITGB2 0.118 2.29%x1078 0.135 3.46 < 107°
LAMPI 0.096 470 =107 0.141 2.16x 10712
GBA 0.126 171 x 1071 0.148 2.09 x 10712
GNS 0.150 1.09 x10712 0.158 5.19x 10713
RXRA 0.123 370 %107° 0.133 5.84x107°
G6PD 0.127 441 %1078 0.173 1.63x 107!
TCIRG1 0.208 1.08 x 1077 0.192 1.77 x 1072
TYROBP 0.073 7.88.x 1076 0.049 4.63x1073
CTSB 0.096 5.24x107* 0.175 1.15% 1078
LILRB1 0.065 5.97x10™* 0.072 1.48 %1073

AD: Alzheimer disease; logFC: log fold change; MCI: mild cognitive impairment; p: probability.

PPI Network Analysis Identified LAMPI-centered
Hub-Gene Connectivity

To further support.the biological relevance and
interconnectivity of the selected molecular features, a
STRING-based PPI network was constructed using the
LAMP]-related candidate genes. The STRING network
showed that several candidate proteins were embedded
within a connected interaction structure, while RXRA
and TCIRGI showed no direct interaction under the
current confidence threshold. The network also
contained STRING-connected proteins directly linked
to the selected candidate proteins, including PSAP,
KLRCI, KLRC2, ULBPI, and LAPTMS5, which were
retained for network visualization.

Node-degree analysis showed that LAMPI had the
highest degree in the network, followed by TYROBP and
ITGAM. Specifically, the degrees were 11 for LAMPI,9
for TYROBP, and 7 for ITGAM. KLRC! and LILRBI
also showed relatively high connectivity, with degree

values of 6 each. These results suggested that LAMPI
occupied a central position within the STRING-derived
interaction network and that TYROBP and ITGAM may
represent additional hub nodes within the immune-
lysosomal molecular context. The overall STRING PPI
network is shown in Figure 2, and the hub-gene network
is shown in Figure 3. Topological characteristics of these
proteins are detailed in Table 3.

Stable Cross-cohort Elevation of LAMPI in
Alzheimer Disease and Mild Cognitive Impairment
Among the candidate genes identified above,
LAMP] showed a concordant increase in all 3 cohorts
and combined statistical stability with biological
interpretability; it was therefore selected as the
representative anchor gene for further analysis. In
cohort-specific analyses, LAMPI expression was higher
in both the AD and MCI groups than in controls in
GSE63060, with effect sizes of g=0.425 and g=0.901,
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respectively. In GSE63061, the corresponding effect
sizes were g=0.408 and g=0.542, and in GSE140829
they were g=0.227 and g=0.294 (Figure 4). Random-
effects meta-analysis further showed that the pooled
effect size for LAMPI was g=0.330 (p=1.19 x 107'2) for
AD versus controls and g=0.514 (p=2.52x1077) for
MCI versus controls (Figure 5). These findings indicate

that the LAMPI-related signal was detectable in
clinically defined MCI and AD samples. Although some
pooled effect estimates were numerically higher in MCI
than in AD, the cross-sectional design of the included
datasets does not allow inference about temporal peaks
or stage-specific causal changes during disease
progression.

;\'n_é,:mu. )

Figure 2. STRING protein-protein interaction network of LAMPI-related candidate genes and STRING-connected proteins.
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Figure 3. Cytoscape hub-gene network derived from the STRING PPI network.
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Table 3. Topological characteristics of proteins in the STRING-derived protein-protein interaction network

Gene Node degree Network interpretation

LAMPI 11 Major hub gene

TYROBP 9 Major hub gene

ITGAM 7 Major hub gene

KLRCI 6 Secondary hub

LILRBI 6 Secondary hub

ULBPI 5 Connected immune-related node
KLRC2 5 Connected immune-related node
CTSB 4 Connected lysosomal-related node
LAPTMS 4 Connected lysosomal/immune-related node
PSAP 4 Connected lysosomal-related node
GBA 5 NA

PPI: protein-protein interaction; STRING: Search Tool for the Retrieval of Interacting Genes/Proteins.

Pooled standardized LAMP1 across three blood transcriptome cohorts

o _—

Standardized LAMPL expression

=3
o (=]
v
Control MCI AL

Figure 4. Cross-cohort expression patterns of LAMPI in controls, MCI, and AD.
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LAMPL MCI vs Control
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Figure 5. Random-effects meta-analysis of LAMPI expression in AD versus controls and MCI versus controls.

Construction and Validation of the 4-gene Composite
Index

To more characterize  the
molecular context associated with LAMPI, a 4-gene
composite index was constructed by averaging the
standardized expression values of ITGAM, ITGB2,
LAMPI, and GBA. This index showed the same
directional pattern in all 3 independent cohorts: both AD
and MCI groups had higher index values than controls
(Figure 6). Random-effects meta-analysis showed that
the pooled effect size of the 4-gene composite index was

comprehensively

g=0.543 (p=7.31 x107% for AD versus controls and
g=0:648 (p=1.47 x 10:3).for MCI versus controls (Figure
7). ROC analysis further showed a mean AUC of 0.657
for AD versus controls and 0.674 for MCI versus
controls, indicating limited to moderate discriminatory
performance  (Table 4). Because candidate gene
selection, construction, and performance
evaluation were all performed within a public-data
exploratory framework, this index is better interpreted as
a composite molecular feature than as a diagnostic
model ready for direct clinical translation.

index

Pooled 4-gene immune-metabolic index across three blood transcriptome cohorts

Immune-metabolic index
=]

[
Q

Caontrol Ml

AD

Figure 6. Cross-cohort distribution of the 4-gene composite index in controls, MCI, and AD.
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Immune-metabolic index AD vs Control
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Figure 7. Random-effects meta-analysis of the 4-gene composite index in AD versus controls and MCI versus controls.

Table 4. Cross-cohort and random-effects pooled results of the 4-gene composite index

Dataset Comparison Effect size, g y AUC
GSE63060 AD vs. Control 0.770 8.51x107° 0.718
GSE63060 MCI vs. Control 1.030 1.65x 1071 0.772
GSE63061 AD vs. Control 0.545 9.24x10°° 0.651
GSE63061 MCI vs. Control 0.633 1.21 x107° 0.668
GSE140829 AD vs. Control 0.355 278 x 1074 0.601
GSE140829 MCT vs. Control 0.311 6.22x 1073 0.584
Random-effects pooled AD vs. Control 0.543 7.31x107° NA

Random-effects pooled MCI vs. Control 0.648 1.47x1073 NA

AD: Alzheimer disease; AUC: area under the curve; g: Hedges' g effect size; MCI: mild cognitive impairment; p: probability.
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Internal  Validation and Leave-one-gene-out
Sensitivity Analysis of the 4-gene Index

Internal validation was performed to assess the stability
and contribution of individual genes within the 4-gene
composite index. The bootstrap validation summary is
shown in Figure 8. To determine whether the index's
performance was driven primarily by a single gene, a
leave-one-gene-out sensitivity analysis was conducted
by systematically removing each gene and recalculating
the effect sizes. The leave-one-gene-out sensitivity
analysis is shown in Figure 9. The results demonstrated
that the significant differences between groups were
maintained regardless of which single gene was omitted,
suggesting that the observed molecular pattern
represents a coordinated change rather than an artifact
driven by an isolated gene.

Significant Coupling between LAMPI and Related
Molecular Features

To determine whether LAMPI could represent a
broader peripheral molecular abnormality rather than an
isolated single-gene signal, LAMP-centered validation

analyses were performed (Figure 10). First, to avoid
self-correlation, a 3-gene index excluding LAMPI was
generated using ITGAM, ITGB2, and GBA. Under the
random-effects model, LAMPI showed a pooled
correlation coefficient of 7=0.760 with this 3-gene index,
suggesting strong consistency between LAMPI and
related molecular features (Figure 8). Second, LAMPI
was positively correlated with multiple candidate genes,
including relatively strong associations with [7GB2,
GNS, G6PD, RXRA, GBA, ITGAM, and TCIRGI (Table
5). Third, when samples were stratified within each
cohort by the median expression-level of LAMPI, the
LAMPI-high group consistently showed a significantly
higher 3-gene index than the LAMPI-low group; the
corresponding p values in GSE63060, GSE63061, and
GSE140829 were 1.08x 1072, _2.08 x 102, and
1.09 x 10°%!, respectively. These coupling patterns are
best interpreted as a peripheral blood transcriptomic
association structure rather'than definitive evidence of
activation of a specific cell-intrinsic immunometabolic
program.

A AD vs. Control
Cohort : AUC 95% ClI
GSE63060 [ ———— 0718  0.649-0.781
GSE63061 ‘ > | 0.646  0.574-0.709
GSE140829 F ® i 0.604 0.519-0.676
Pooled —e—— 0659  0.613-0.707
0.40 0.50 0.60 0.70 0.80 0.90 1.00
1000 bootstrap resamples AUC
B MCl vs. Control
Cohort : AUC 95% ClI
GSE63060 p— 0771 0.703-0.839
GSE63061 —— 0665  0.595-0.731
GSE140829 o ° : 0.586  0.499-0.654
Pooled A — 0672 0623-0.722
0.40 0.50 0.60 0.70 0.80 0.90 1.00
AUC

Figure 8. Illustrative bootstrap validation of the 4-gene index.
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Figure 10. Meta-correlations between LAMPI and related molecular features across 3 peripheral blood cohorts.
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Table 5. Meta-correlation analysis between LAMPI and related molecular features

Z. Wang, et al.

Variable Pooled r P %
ITGB2 0.722 <1.00 x 10716 63.3
GNS 0.703 <1.00 x 10716 71.5
G6PD 0.694 2.66 x 1071 93.0
RXRA 0.686 <1.00 x 1071¢ 66.6
GBA 0.647 <1.00 x 1071¢ 59.0
ITGAM 0.568 <1.00 x 1071¢ 83.2
TCIRGI 0.442 1.27x107° 86.6

P2 heterogeneity index; p: probability; 7: Pearson correlation coefficient.

Robustness and Heterogeneity Analyses

To evaluate the stability of the main findings, leave-
one-out analyses and heterogeneity analyses were
conducted (Table 6). The leave-one-out analysis showed
that regardless of which dataset was excluded, the
pooled effect size of LAMPI for AD versus controls
remained between 0.297 and 0.416, with all p values
below 1.3 x 107#; for MCI versus controls, the pooled
effect size remained between 0.399 and 0.694, with all p
values below 2.1 x 107, The 4-gene composite index
also showed stable directionality after omission of any
single dataset (Table 6). Heterogeneity analysis showed

low heterogeneity for-LAMPI in. AD versus controls
(7=0.0%) but higher heterogeneity \in MCI versus
controls (?=71.5%). The 4-gene composite index also
showed moderate to high heterogeneity in both AD and
MCI analyses (’=68.7% and 86.1%; tespectively). This
heterogeneity may partly reflect differences in platform
design, ~sample composition, clinical stratification,
demographic structure, and'diagnostic definitions across
the original cohorts. Accordingly, the main emphasis of
this study should be placed on directional consistency
and cross-cohort reproducibility rather than on
overinterpreting the absolute pooled effect size.

Table 6. Robustness and heterogeneity analyses of LAMPI and the 4-gene composite index

Marker Comparison Random-effects g P P, %
LAMPI AD vs. Control 0.330 1.19x107'2 0.0
LAMPI MCI vs. Control 0.514 2.52%x1077 71.5
Index AD vs. Control 0.543 7.31x10°° 68.7
Index MCT vs. Control 0.648 1.47 1073 86.1

AD: Alzheimer disease; g: Hedges' g effect size; I: heterogeneity index; MCI: mild cognitive impairment; p: probability.

DISCUSSION

This study integrated 3 GEO peripheral blood
transcriptomic cohorts to »analyze AD, MCI, and
cognitively normal control samples. The results showed
that LAMPI was consistently elevated across all 3
independent cohorts and remained statistically
significant under the random-effects model in both AD
and MCI. The 4-gene composite index composed of
ITGAM, ITGB2, LAMP1, and GBA was also consistently
increased in both AD and MCI and was strongly coupled
with LAMPI.Overall, these findings suggest that
LAMP [-related molecular features can stably capture a
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reproducible class of peripheral blood transcriptomic
abnormalities in clinically defined AD and MCI.

The principal significance of this study lies not
merely in identifying a statistically significant gene, but
in delineating a level of molecular change that is better
captured by peripheral blood transcriptomics. In a highly
heterogeneous disorder such as AD, the most
informative signals are often not extreme changes in a
single isolated molecule within 1 cohort, but rather
coordinated directional changes in several functionally
related molecules across independent datasets. LAMPI
emerged as the anchor gene in this context because it has
both immunological and organelle-biological relevance.

Published by Tehran University of Medical Sciences (http://ijaai.tums.ac.ir)


http://ijaai.tums.ac.ir/

LAMP1-related Immunometabolism in AD and MCI

As CDI107a, it is linked to granule trafficking,
degranulation, and effector function in cytotoxic
lymphocytes and NK cells.'*!®* As a lysosome-
associated membrane protein, it is also involved in
intracellular degradation networks and organelle
homeostasis. LAMP] therefore offers an interpretively
meaningful entry point at the intersection of immune
activation, lysosomal burden, and metabolic
remodeling.

Importantly, the significance of LAMPI in the
present study does not reside only in its own
upregulation, but also in its coordinated variation with a
set of immune-related and lysosomal/metabolism-
related molecules. The candidate genes prioritized
here—including ITGAM, ITGB2, GBA, GNS, RXRA,
G6PD, and TCIRG[—are largely involved in myeloid
immunity, adhesion and phagocytosis, lysosomal
function, and metabolic regulation. The formal
STRING-based PPI analysis further supported the
network-level relevance of the LAMPI-related
molecular pattern. LAMP1 showed the highest degree
centrality in the network, while TYROBP and ITGAM
also emerged as highly connected nodes. This finding is
consistent with the central role of LAMP1.in lysosomal
biology and immune-cell degranulation, and with the
immune-adhesion function of I[I7GAM. However,
STRING-derived connectivity should still be interpreted
as database-supported network association rather than
direct experimental proof of physical interaction in AD

peripheral blood. Correlation analysis further showed
that LAMP] remained strongly associated with the 3-
gene index even after excluding itself, and within each
cohort, the LAMP1-high group consistently exhibited a
higher 3-gene index. These findings suggest that LAMP]
is not an isolated signal detached from the broader
network, but rather a representative node within a
coordinated peripheral molecular pattern.

The functional enrichment analyses added pathway-
level support to the LAMP [-centered interpretation. The
whole-DEG enrichment analysis showed only modest
exploratory signals, which is consistent with the absence
of individual FDR-significant-genes in the available
DEG /table. Nevertheless, the candidate-gene and 4-
gene-index  enrichment  results  showed clear
convergence on immune regulation, leukocyte adhesion
and migration, lysosomal and vacuolar localization, and
lipid- or glycan-related metabolic processes. These
findings-are biologically consistent with the roles of
ITGAM and ITGB2 in leukocyte adhesion and innate
immune activation, and with the roles of LAMPI and
GBA in lysosomal biology. Therefore, the enrichment
results provide supportive biological context for the
LAMP]-related molecular signature, while avoiding
overinterpretation as causal or clinically diagnostic
evidence. Representative GO and KEGG enrichment
results for the LAMPI-related 4-gene composite index
are summarized in Table 7.

Table 7. Representative Gene Ontology and Kyoto Encyclopedia of Genes and Genomes enrichment results for the LAMPI-

related 4-gene composite index

Category Enriched term Overlapping genes Gene )4 FDR
ratio
GO-BP Regulation of defense response GBA; ITGAM, ITGB2; 4/4 4.00x10°° 6.90 x 107
LAMPI
GO-BP Positive regulation of innate immune ITGAM; ITGB2; LAMP1 3/4 1.10x 1073 8.50 x10™*
response
KEGG Leukocyte transendothelial migration ITGAM; ITGB2 2/4 27810  8.97x10*
KEGG Lysosome GBA; LAMPI 2/4 2.93x107* 8.97x107*
KEGG Cell adhesion molecules ITGAM; ITGB2 2/4 3.59x 107 8.97x10™
GO-MF Glycoprotein binding ITGAM; ITGB2 2/4 2.04x107* 1.83x1073
GO-CC Lytic vacuole membrane GBA; LAMPI 2/4 1.50 x 1073 1.42x1072
GO-CC Secretory vesicle ITGB2; LAMPI 2/4 416x1073  2.05x1072
KEGG Sphingolipid metabolism GBA 1/4 9.28 x1073 1.33x107?

FDR: false discovery rate; GO-BP: Gene Ontology Biological Process; GO-CC: Gene Ontology Cellular Component; GO-MF: Gene
Ontology Molecular Function; KEGG: Kyoto Encyclopedia of Genes and Genomes; p: probability.
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At the same time, caution is required because
peripheral blood transcriptomic signals are influenced
by changes in cellular composition. Molecules such as
ITGAM and ITGB2 are closely related to myeloid
immune cells, and therefore the LAMPI-associated
abnormalities observed here are more appropriately
interpreted as composite peripheral molecular features
rather than definitive evidence of a cell-intrinsic
immunometabolic program. In other words, the present
study reveals a blood-based transcriptomic pattern that
is likely shaped jointly by immune cell states and shifts
in cell proportions, rather than a fully resolved
mechanism after cellular deconvolution.

The anchor-gene-plus-composite-index framework
was used because integrative public-database studies are
vulnerable to variability in detection platforms, sample
composition, and clinical heterogeneity. A single
differentially expressed gene may appear significant in
1 dataset but become unstable in another. In contrast, a
small group of functionally related and directionally
consistent molecules may provide a more robust
description of the peripheral transcriptomic pattern.

The 4-gene composite index built+in this study
maintained consistent trends across all 3 cohorts and
remained statistically significant under the random-
effects model. The additional internal validation and
leave-one-gene-out  sensitivity  analyses  further
supported the robustness of the 4-gene index at the
analytical level. Bootstrap-based AUC summaries
suggested that the index retained a stable limited-to-
moderate discriminatory trend -across cohorts. The
sensitivity analysis showed that removal of LAMP! or
ITGB2 caused a more noticeable decrease in AUC,
whereas removal of ITGAM or GBA caused smaller
changes. These results suggest that the 4-gene index was
not completely dependent on a single gene, although
LAMPI remained the most influential component.
Nevertheless, the AUC values remained in the moderate
range, reinforcing that this index should be interpreted
as a molecular descriptor rather than a clinically ready
diagnostic model. It partly reflects shared molecular
signals related to LAMP1, immunity, lysosomal biology,
and metabolism. Accordingly, this index serves mainly
to describe disease-associated molecular abnormalities
rather than as a direct clinical diagnostic tool. Because
gene selection, index construction, and evaluation were
exploratory analyses based on public datasets,
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independent validation is required before the findings
can be generalized.

The present study provided internal evidence of
reproducibility across 3 public cohorts, but independent
external validation was not available. Future studies
using prospectively collected peripheral blood samples
and standardized clinical annotation are needed to verify
the stability and clinical relevance of this molecular
signature.

Notably, the LAMP1-related signal was detectable in
both clinically classified MCI and AD samples. This
suggests-that peripheral molecular. alterations linked to
LAMPI are not restricted to AD dementia. However,
because the datasets were cross-sectional and relied on
clinical diagnostic labels without uniform pathological
or biomarker-based stratification, the findings cannot
establish longitudinal progression or a transition from
MCI to AD. Rather, they indicate that LAMP1-related
features are shared across' MCI and AD groups and
warrant further validation in longitudinal, biomarker-
defined cohorts.

The findings also underscore the need to distinguish
clearly between molecular significance and clinical
utility: Although both LAMPI and the 4-gene composite
index were statistically robust, their ROC performance
was only limited to moderate, with mean AUC values
ranging from 0.657 to 0.674. These results do not
support direct use of the 4-gene index as a high-precision
diagnostic biomarker for individual AD or MCI
screening. Instead, the index is more appropriately
regarded as a group-level transcriptomic descriptor that
may help summarize peripheral molecular differences in
public cohort analyses. A common pitfall in public-
database studies is to equate statistical group separation
with immediate clinical diagnostic value, and the present
results do not support such an overextended claim.

From a mechanistic perspective, the findings are
broadly consistent with the growing literature
emphasizing the importance of the autophagy-lysosomal
system in AD. Previous studies have shown that
dysfunction of this pathway is a key pathological
component of neurodegenerative disorders, especially
AD, and that its impairment can worsen disease
progression not only by hindering the clearance of
pathogenic  proteins but also by amplifying
inflammatory responses, metabolic burden, and
organelle damage.!® Within this framework, elevated
LAMPI expression in peripheral blood may reflect a
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component of peripheral molecular adaptation involving
immune activation, granule trafficking, lysosomal
burden, and metabolic stress. However, the present
study cannot identify the precise cell populations
responsible for this signal or equate it directly with the
intensity of brain pathology.

Molecular alterations in the LAMP]I-related
signature detected in peripheral blood cannot be directly
equated with typical cerebral AD pathological features,
such as amyloid-f deposition and abnormal tau
phosphorylation. Peripheral transcriptomic signals
mainly arise from circulating blood cells, whereas
central AD lesions develop within brain tissue and
involve neurons, glia, and local microenvironmental
changes. Although crosstalk between the peripheral
immune system and central nervous system may exist,
peripheral blood molecular changes should be
interpreted as systemic disease-related signals rather
than direct measures of intracranial AD-specific
pathology.

This study has several strengths. First, /it used
multiple independent peripheral blood cohorts and
validated the findings using both random-effects
modeling and leave-one-out analyses, indicating that the
main conclusions were not driven by a single dataset.
Second, the analysis went beyond screening
differentially expressed genes by further identifying an
anchor gene, constructing a composite. index, and
performing correlation-based validation, thereby
providing a more complete analytical framework. Third,
LAMP] itself is mechanistically plausible: it can be
linked both(to immunological processes and to the
lysosomal/autophagic abnormalities that are
increasingly recognized in AD, giving the findings
biological interpretability in addition to statistical
stability.!>10

This study also has several limitations. First, it was
based on secondary analysis of public datasets, and the
original cohorts differed in sample composition, assay
platform, and clinical “annotation.'” Moreover,
heterogeneity was relatively high in some comparisons,
meaning that the findings should be interpreted
primarily as directionally stable rather than absolutely
stable in terms of effect size.!®!° Second, the data were
derived from peripheral blood transcriptomes and
therefore cannot be directly equated with changes in
brain tissue or protein abundance. Third, the study did
not perform blood cell deconvolution or uniformly
adjust for cellular composition, so it remains unclear to

what extent the observed differences were driven by
shifts in immune cell proportions versus intrinsic
transcriptional remodeling. Fourth, although age and sex
information was reviewed from the original GEO
metadata, these variables were incomplete or
inconsistently coded across the public datasets,
preventing a reliable harmonized age- and sex-adjusted
analysis. Therefore, the observed associations between
the 4-gene index and disease status may still be
influenced by demographic confounding. Future studies
using prospectively collected cohorts with standardized
demographic annotation are needed to validate whether
the LAMPI-related signature-remains stable after
adjustment for age and sex. Fifth, information on
comorbidities was limited in the public metadata.
Because - chronic _inflammatory, | metabolic, or
autoimmune conditions may _influence peripheral
immune-related gene expression, residual confounding
cannot be excluded. Finally, this was a correlational and
descriptive study, and no causal inference can be made
regarding the role of LAMPI! in disease onset or
progression. Independent-sample validation, protein-
level confirmation, and functional experiments will still
be required.

In summary, this study suggests that LAMPI is
reproducibly elevated in peripheral blood transcriptomic
datasets of AD and MCI and is correlated with immune-
, lysosomal-, and metabolism-related genes and
molecular signatures. Current evidence indicates that
LAMP]-related molecular profiles may provide useful
transcriptomic clues for exploring peripheral molecular
abnormalities in AD and MCI, rather than direct clinical
diagnostic markers.

Future work should validate the LAMPI-related 4-
gene signature in independent cohorts with standardized
demographic, clinical, and biomarker information.
Integration with plasma amyloid-pB/tau biomarkers,
neuroimaging measures, and longitudinal follow-up
may help clarify whether this peripheral transcriptomic
pattern has additional value in risk stratification or
disease monitoring, but such clinical use remains to be
established.

Based on 3 GEO peripheral blood transcriptomic
cohorts, this study performed an integrative analysis of
AD, MCI, and cognitively normal controls. The results
showed that LAMPI was consistently elevated in both
AD and MCI and was significantly associated with the
expression of related genes such as ITGAM, ITGB2, and
GBA. The 4-gene composite index constructed from
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ITGAM, ITGB2, LAMPI, and GBA also showed
concordant elevation across multiple independent
cohorts, indicating cross-cohort reproducibility of
LAMP]-related molecular features. Overall, LAMPI
appears to reflect peripheral blood transcriptomic
abnormalities associated with AD-related cognitive
impairment in a relatively stable manner. Its significance
is better understood as a peripheral molecular feature
related to immune-associated change, lysosomal
remodeling, and metabolic disequilibrium rather than as
a standalone definitive biomarker for direct clinical
diagnosis.

STATEMENT OF ETHICS

No new human participants were recruited, and no
identifiable personal
Therefore, ethical approval and informed consent were
not required for this study.

information was accessed.
FUNDING
None.
CONFLICT OF INTEREST
The authors declare no conflicts of interest.
ACKNOWLEDGMENTS
None.
DATA AVAILABILITY
The datasets supporting the findings of this study are
publicly available in  the National Center for
Biotechnology Information Gene Expression Omnibus
(NCBI GEO) database under accession numbers
GSE63060, GSE63061, and GSE140829. They can be
accessed at: https://www.ncbi.nlm.nih.gov/geo/.

Al ASSISTANCE DISCLOSURE

The authors did not use artificial intelligence (AI)
tools in the preparation of this manuscript.

REFERENCES

1. Gomez-Galdn R, Denche-Zamorano A, Mendoza-Mufioz

18/ Iran J Allergy Asthma Immunol,

10.

11.

13.

M, Pereira-Payo D, Barrios-Fernandez S, Mufioz-Bermejo
L. Global trends in dementia care research in the context
of COVID-19: bibliometric
(Lausanne). 2024;11:1388767.

Xiaopeng Z, Jing Y, Xia L, Xingsheng W, Juan D, Yan L,

analysis. Front Med

et al. Global burden of Alzheimer's disease and other
dementias in adults aged 65 years and older, 1991-2021:
population-based  study. Front  Public  Health.
2025;13:1585711.

Petersen RC. Mild cognitive impairment. Continuum
(Minneapolis, Minn.). 2016;22(2 Dementia):404-18.
Mitchell AJ, Shiri-Feshki M. Rate of progression of mild
cognitive  impairment. todementia--meta-analysis of 41
robust inception cohort studies. Acta. Psychiatr Scand.
2009;119(4):252-65.

Tahami Monfared AA, Byrnes MJ, White LA, Zhang Q.
Alzheimer's  disease: epidemiology and
progression. Neurol Ther. 2022;11(2):553-69.
Iwatsubo T, Sperling RA, Algeciras-Schimnich A, Arai H,
Barron AM, Benzinger TLS, et al. Modernizing diagnosis

clinical

of Alzheimer's disease: A review of global trends and

Asia-specific  perspectives.  Alzheimers  Dement.
2025;21(8):¢70536.

Rahimpour S, Clary BL, Nasoohi S, Berhanu YS, Brown
CM.. Immunometabolism in brain aging and
neurodegeneration: bridging metabolic pathways and
immune responses. Aging Dis. 2024;16(6):3361-80.

Jung ES, Choi H, Mook-Jung I. Decoding microglial
immunometabolism: a new frontier in Alzheimer's disease
research. Mol Neurodegener. 2025;20(1):37.

Leuzy A, Mattsson-Carlgren N, Palmqvist S, Janelidze S,
Dage JL, Hansson O. Blood-based biomarkers for
Alzheimer's disease. EMBO Mol Med. 2022;14(1):e14408.
Zhong H, Zhou X, Uhm H, Jiang Y, Cao H, Chen Y, et al.
Using blood transcriptome analysis for Alzheimer's
disease diagnosis and patient stratification. Alzheimers
Dement. 2024;20(4):2469-84.

Iga JI, Yoshino Y, Ozaki T, Tachibana A, Kumon H,
Funahashi Y, et al. Blood RNA transcripts show changes
in inflammation and lipid metabolism in Alzheimer's
disease and mitochondrial function in mild cognitive

impairment. J Alzheimers Dis Rep. 2024;8(1):1690-703.

. Shvetcov A, Thomson S, Spathos J, Cho AN, Wilkins HM,

Andrews SJ, et al. Blood-based transcriptomic biomarkers
are predictive of neurodegeneration rather than
Alzheimer's disease. Int J Mol Sci. 2023;24(19):15011.

Song L, Yang YT, Guo Q, ZIB C, Zhao XM. Cellular
transcriptional ~alterations of peripheral blood in

Alzheimer's disease. BMC Med. 2022;20(1):266.

Published by Tehran University of Medical Sciences (http://ijaai.tums.ac.ir)


http://ijaai.tums.ac.ir/
https://www.ncbi.nlm.nih.gov/geo/

14.

15.

16.

17.

18.

19.

LAMP1-related Immunometabolism in AD and MCI

Krzewski K, Gil-Krzewska A, Nguyen V, Peruzzi G,
Coligan JE. LAMP1/CD107a is required for efficient

perforin delivery to lytic granules and NK-cell cytotoxicity.

Blood. 2013;121(23):4672-83.

Barrachina M, Maes T, Buesa C, Ferrer 1. Lysosome-
associated membrane protein 1 (LAMP-1) in Alzheimer's
disease. Neuropath Appl Neuro. 2006;32(5):505-16.
Zhang W, Xu C, Sun J, Shen HM, Wang J, Yang C.
Impairment of the autophagy-lysosomal pathway in
Alzheimer's diseases: pathogenic mechanisms and
therapeutic potential. Acta Pharm Sin B. 2022;12(3):1019-
40.

Sood S, Gallagher 1J, Lunnon K, Rullman E, Keohane A,
Crossland H, et al. A novel multi-tissue RNA diagnostic of
healthy ageing relates to cognitive health status. Genome
Biol. 2015;16(1):185.

Lopez LM, Harris SE, Luciano M, et al. Evolutionary
conserved longevity genes and human cognitive abilities
in elderly cohorts. Eur ] Hum Genet. 2012;20(3):341-7.
Nixon RA, Rubinsztein DC. Mechanisms of autophagy-
lysosome dysfunction in neurodegenerative ~diseases.
Nature Reviews. Mol Cell Biol. 2024;25(11):926-46.

Published by Tehran University of Medical Sciences (http://ijaai.tums.ac.ir)

Iran J Allergy Asthma Immunol, / 19


http://ijaai.tums.ac.ir/

	Data Sources
	Sample Selection and Grouping
	Data Preprocessing
	Differential Analysis and Cross-Cohort Meta-analysis
	Functional Enrichment Analysis
	Protein-Protein Interaction Network Analysis
	Construction of the 4-Gene Composite Index
	LAMP1-Centered Validation
	Statistical Analysis
	ROC analysis was used to evaluate the ability of
	Included Datasets and Sample Distribution
	Cross-cohort Meta-analysis Revealed Related Molecular Abnormalities
	Functional Enrichment Analysis Provided Pathway-Level Biological Context
	PPI Network Analysis Identified LAMP1-centered Hub-Gene Connectivity
	Stable Cross-cohort Elevation of LAMP1 in Alzheimer Disease and Mild Cognitive Impairment
	Construction and Validation of the 4-gene Composite Index
	Internal Validation and Leave-one-gene-out Sensitivity Analysis of the 4-gene Index
	Internal validation was performed to assess the stability
	Significant Coupling between LAMP1 and Related Molecular Features
	Robustness and Heterogeneity Analyses

