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Abstract

Alcohol use disorder (AUD) is the most prevalent substance use disorder.
Excessive alcohol consumption leads to a range of health issues. We set out to
identify inflammatory markers linked to alcohol consumption, which might
ultimately offer novel insight into genetic underpinnings and have implications
Alcohol and Dblood-based

multi-omics data were collected by The Mayo Clinic Center for Individualized

for alcohol-associated disease. consumption
Treatment of Alcohol Dependence study. Plasma samples from patients with
AUD were used for proteomics using the OLINK
(n=410).

genome-wide association study (GWAS) was performed to explore the

analysis “Explore

Inflammation” panel Liver enzymes were also measured. A
relationship between genetic variants and plasma TREM?2 levels. Our findings
show that plasma triggering receptor expressed on myeloid cells 2 (TREM2), a
key gene associated with neurodegenerative disease, was the most significant
signal correlated with alcohol consumption, and has also been associated with
liver enzyme levels in patients with AUD. We identified the rs7232 single
nucleotide polymorphism (SNP) in MS4464 as a key genetic variant associated
with plasma TREM2 levels, with the minor allele (A) linked to higher TREM2
levels and increased alcohol consumption, particularly in men. Furthermore,
MA4A464 is an ethanol-responsive gene in a SNP-dependent manner, and the
variant genotype of the rs7232 SNP was associated with lower expression for
MA4A6A due to proteasome-mediated protein degradation. In summary, this
study provides insight into the relationship between plasma TREM2 levels,
alcohol consumption, and liver function in AUD patients, shedding light on

genetic factors underlying alcohol-related diseases.
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Introduction

Alcohol use disorder (AUD) is the most prevalent substance use disorder (SUD) worldwide 2.
Excessive alcohol use can impact bodily systems, raising the risk of liver disease, neurodegenerative
disease, mental disorders, and more **. An extensive literature suggests that genetic predisposition to
alcohol consumption is significantly correlated with disease risk, including chronic pancreatitis, cancer,
and cardiovascular disease >”. Additionally, it has been reported that AUD is a major risk factor for the
onset of multiple types of dementia, especially early onset dementia . However, to date there are no
biomarker for alcohol-associated disease. Recent discoveries in the UK biobank showed that utilizing
multi-omics strategies could enhance the signals for a large number of known gene-disease
associations, indicating that well-defined clinical phenotypes coupled with biological data may be
useful to uncover disease-risk biomarkers °. We therefore set out to identify biomarkers associated with
alcohol consumption, ultimately providing novel insight into genetic underpinnings and their

implications for alcohol-associated diseases.

Currently, the most common assessment tools for alcohol consumption include the alcohol use
disorders identification test (AUDIT), and timeline follow-back (TLFB), all of which are self-report of
quantity and frequency of drinking. In addition, several laboratory tests have been used to quantify an
individual’s alcohol consumption, and many of those tests are correlated with levels of specific liver
enzymes, including aspartate aminotransferase (AST), alanine aminotransferase (ALT), and
gamma-glutamyl transferase (GGT). Those enzymes are useful indicators of liver function, however,
they are not biomarkers for specific alcohol-related disease with the exception of alcohol-associated

. . 1
liver disease '°.

The Mayo Clinic Center for Individualized Treatment of Alcohol Dependence study contains dense
clinical information, including alcohol consumption and blood-based multi-omics data '"'*. Plasma
proteomics was performed using the Olink Explore 384 Inflammation panel, which is currently the
most comprehensive and most sensitive high-performance protein biomarker panel available for
inflammation studies *'*. We previously used these sets of data to identify potential inflammatory
markers associated with acamprosate treatment outcomes '>'®. These population-level multi-omics
datasets offer the opportunity to discover novel gene-disease biomarkers and to explore their biological
connections '>'7'*, Given that chronic alcohol consumption is a risk factor for many chronic diseases
and conditions, this study was designed to identify plasma protein markers associated with recent
alcohol consumption using our established proteomics-informed genomics approach. These findings
may provide insight into genetic underpinnings together with their implications for alcohol associated

diseases.

Our proteomics-informed genome-wide association study (GWAS) research approach, as illustrated in
Figure 1, was designed to integrate data from proteomics with genomic information to obtain a deeper
understanding of biological mechanisms '>'”'®. By combining proteomics and genomics, we can
pinpoint genetic variation that affects protein concentrations, identify biomarkers and understand
underlying biological mechanisms. This approach has been used in individualized medicine, drug
discovery and understanding molecular mechanisms underlying various neuropsychiatric disorders.
Our research team has successfully applied this approach to identify biomarkers for drug treatment
response, i.e. acamprosate for AUD '>'7, and selective serotonin reuptake inhibitors (SSRIs) for major
depressive disorder °. As a first step, we determined whether proteomics profiles were associated with
recent alcohol use. We then performed GWAS to identify candidate biomarkers that might contribute

to alcohol use and alcohol-related diseases. We subsequently investigated whether any single
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Proteomics-informed genomics

Plasma Proteomics:
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Figure 1. Proteomics-inform genomics research strategy.

nucleotide polymorphisms (SNPs) identified in our GWAS might also be associated with

alcohol-related disease and then explored underlying molecular mechanisms (Figure 1).

Our results highlighted plasma triggering receptor expressed on myeloid cells 2 (TREM2) as a
significant biomarker associated with recent alcohol consumption, showing robust correlations with
various alcohol consumption metrics, including the total number of drinks, drinking days, and heavy
drinking days. TREM2 also plays a role in immune response, particularly in microglial function and

2.2l Furthermore, this gene has significant implications for

inflammatory processes in the brain
neurodegenerative diseases such as Alzheimer’s disease. Moreover, the positive associations between
plasma levels of TREM?2 and liver enzymes, such as GGT, AST, and ALT, suggest that TREM2 may
be linked to alcohol intake as well as the liver’s response to chronic alcohol consumption. Finally, we
performed functional genomic studies to demonstrate new biological insights into the relationship
between plasma TREM2 levels, genetic variation, alcohol consumption, liver function and

alcohol-associated disease in patients with AUD.

Methods and materials
Study participants and ethics statements

We previously recruited individuals with AUD for the Mayo Clinic Center for the Individualized
Treatment of Alcohol Dependence Study (ClinicalTrials.gov Identifier: NCT00662571). All subjects
whose biological samples were included in this study provided their consent to participate in the study
and publish the study results in peer reviewed journals. This study was conducted under the protocol
reviewed and approved by the Mayo Clinic Institutional Review Board (reference IRB number:
18-006428). We used TLFB to collect alcohol use information for 90 days before blood collection. The

sample size was based on plasma sample availability (n=410).
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Targeted proteomics

The OLINK “Explore Inflammation” panel was assayed using EDTA-plasma samples (n=410) '>. We
assayed all plasma samples in a single batch. Briefly, plasma samples (1puL) from each subject were
incubated in the presence of proximity antibody pairs linked to DNA reporter molecules. Data were
normalized to standard EDTA plasma controls to produce relative protein abundance information using
normalized protein expression (NPX) manager software, which determined protein concentration on a
log2 scale. The average intra-assay and inter-assay coefficients of variation (CV) were 9% - 14%
across the five plates studied. Liver enzymes including gamma-glutamyl transferase (GGT), aspartate
aminotransferase (AST), and alanine aminotransferase (ALT) were also measured in the Mayo research

core facility 7.
GWAS for plasma TREM? levels

DNA samples were initially genotyped using Illumina Human Core arrays in the Mayo Clinic Medical
Genome Facility. The National Institute of Alcohol Abuse and Alcoholism then genotyped these
samples using Infinitum OmniExpressExome-8 BeadChips. Data from the two arrays were quality-
controlled, combined and checked for concordance and additional quality control was performed using
the combined dataset **. Some samples were excluded from analysis because of low call rate, extreme
heterozygosity, or disagreement between reported sex and genetically determined sex. Sample
relatedness was checked by pairwise identical-by-descent estimation. Imputation was conducted using
the Michigan Imputation Server with the haplotype reference consortium (HRC) reference panel
(version HRC.r1-1.GRCh37.wgs.mac5.sites). SNPs with a call rate <95%, SNPs not in Hardy
-Weinberg equilibrium and SNPs with minor allele frequency (MAF) <0.01 among the patients with
AUD were excluded. Of the 6,654,675 SNPs studied, 6,621,773 passed initial quality control and were
used in the genome-wide association study (GWAS). Associations between variants and plasma
TREM2 levels were examined using linear regression, adjusted for sex, age, and study site. These

analyses were done in R version 4.4.1 and PLINK 1.9.
Site-directed mutagenesis and protein expression quantification

A human MS4A6A cDNA clone (OHu27116) was purchased from GenScript (New Jersey, USA). This
cDNA clone was used as template for the construction of mutant plasmid (T185S). The sequences of
all constructs were verified by DNA sequencing and proved that only the expected mutation had
occurred. HEK293T cells were transfected using Lipofectamine 3000 (Invitrogen) with 0.5 pg of the
plasmid DNA. Expression was quantified by Western Blot. Briefly, protein samples were quantified
using BCA protein assay kits (Thermo Scientific, cat#: 23227). Protein (10 pg) samples were loaded on
4-20 % gradient SDS-PAGE precast Gels and transferred onto polyvinylidene fluoride membranes.
After blocking, membranes were incubated with primary antibodies against MS4A6A or beta-actin at
4°C overnight. The washed membranes were then incubated with secondary antibody for an hour at
room temperature. The membranes were then incubated in ECL substrate (Thermo Scientific, Madison,
WI, USA) for one minute, and were visualized with the Geldoc Go Gel imaging system (Bio-Rad,
USA). Protein expression levels were quantified using Bio-Rad image lab software. For some
experiments, cells were treated with 10uM of MG-132, a potent, reversible, and cell-permeable
proteasome inhibitor (MedChemExpress, cat: HY-13259) or 3-methyladenine (3-MA), a reagent that
has been widely used to block autophagy (MedChemExpress, cat: HY- 19312) for 8 hours, and 24
hours respectively. Cell lysates were then collected for Western Blot analysis. Three independent

experiments were performed.
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Statistical analysis

Statistical analyses were performed using R Statistical Software (version 4.4.1), and figures were
generated using GraphPad Prism Software v7. Experiments were performed using randomization and
blinding analysis when technically feasible and appropriate. Log-transformed proteomics data were
analyzed. Gene expression was analyzed using analysis of variance (ANOVA), followed by planed
comparisons with appropriate post hoc tests. We also conducted t-tests for all meaningful combinations
(effect of treatments on wildtype and variant, effect of genotype on treatments vs vehicle). The exact

sample size for each experiment is listed in the figure legends.
Data availability

All data supporting our findings can be found in the main paper or in supplementary files.

Results
Plasma TREM? levels associated with recent alcohol use and liver enzyme concentrations

Among the AUD patients included in this study, approximately two-thirds were men, with an average
age for all participants of 41.99 + 11.74 years at the time of consent (Table 1). The average age of
onset for AUD was 29.00 + 11.91 years, indicating a long history of drinking among the patients. This
study utilized TLFB, a self-report alcohol consumption measure, to evaluate daily consumption of
drinks within the past 90 days. The 2020-2025 U.S. Dietary Guidelines recommend that moderate
drinking be limited to one drink or less per day for women and two drinks or less per day for men. We

found that the men in our study drank more than the women (Table 1). Specifically, the average

Table 1. Clinical characteristics of the study cohort.
Men + Women (n=410) | Men (n=267) Women (n=143) %ilrln\;
Mean Std Mean Std Mean Std P value*
AUD subjects
Age 41.99 11.74 422 11.72 41.6 11.8 0.6201
Age of onset for AUD 29 11.91 28.37 11.92 30.16 11.86 0.155
Total drinks+ 562.8 513.2 630.9 538.5 434.8 435.7 0.0002
Number of drinking days+ | 45.36 27.23 46.12 27.59 43.93 26.58 0.4402
Number of heavy drinking | 41.48 27.16 42.62 27.71 39.35 26.06 0.2459
Average drinks per day+ 11.85 7.905 13.13 8.419 9.441 6.177 <0.0001
Average drinks per week+ | 43.66 40 49.03 42.09 33.56 33.64 0.0002
Average drinks per 187.1 171.4 210.1 180.4 143.8 144.2 0.0002
GGT (U/L) 69.41 98.25 79.38 101 49.02 75.36 0.0046
AST (U/L) 38.2 34.65 38.65 343 36.67 36.37 0.6547
ALT (U/L) 46.31 56.93 53.04 68.8 33.72 25.37 0.0398
AUD, alcohol use disorder. + alcohol use was measured by timeline follow back (TLFB) for 90 days prior to
enrollment. Std, standard deviation. U/L, unit per liter. Heavy drinking is defined as having > 4 drink/day for women,
and >5 drinks/day for men.
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A Plasma TREM2 levels positively correlated with recent alcohol consumption
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%Figure 2. Plasma TREM2 may be a biomarker for recent alcohol use. Plasma TREM?2 levels positively correlated with (A) recent

alcohol consumption and (B) concentrations of liver enzymes in patients with AUD.

number of drinks per day in the past three months was 9.1 for women and 13.1 for men (Table 1).

Chronic alcohol consumption is a risk factor for many chronic diseases and conditions ****. We
designed this study to identify plasma biomarkers associated with alcohol consumption which might
provide insight into the genetic underpinnings together with its implications for alcohol associated
diseases. We found that plasma TREM2 was the most significant plasma protein marker positively
correlated with recent alcohol consumption metrics, including the total number of drinks (r: 0.31, p:
1.15E-10), number of drinking days (r: 0.29, p: 2.45E-09), and number of heavy drinking days (r: 0.30,
p: 1.03E-09) as determined by TLFB (Figure 2A, for complete data see Supplementary Tables 2-4).
Additionally, GGT, a marker for recent heavy alcohol use, also showed a positive correlation with
plasma TREM2 concentration (r: 0.36, p: 1.52E-11) (Figure 2B). In line with these observations,
plasma TREM?2 levels were positively correlated with liver enzymes, specifically AST (r: 0.32, p:
4.95E-08) and ALT (r: 0.26, p: 1.13E-05), suggesting a link between plasma TREM?2 levels, liver

function and alcohol consumption (Figure 2B).

GWAS for plasma TREM?2 concentrations
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The relationship between alcohol use and TREM2 expression remains unclear. Thus, we applied our
"proteomics-informed GWAS" approach to identify potential genes and genetic variants influencing
plasma TREM2 levels (Figure 1). The GWAS for plasma TREM?2 concentrations revealed a genome-
wide significant signal (rs140498820, p: 2.09E-09) on chromosome 19, which mapped to ADGRE4P
(Adhesion G protein-coupled receptor E4), a pseudogene (Figure 3A, and Supplementary Table 4).
Notably, rs7232, a missense variant in MS446A4 (Membrane-spanning 4-domains subfamily A member
6A), emerged as one of the top signals (p: 2.59E-07) (Figures 3A-3B), which we found is functional

and may have implications for alcohol consumption, as described in subsequent paragraphs.
A SNP-dependent relationship between the MS4A6A4 genetic polymorphism and alcohol consumption

Patients with the AA genotype for rs7232 reported higher alcohol consumption in the past month
(Figure 3C). Subsequently, we analyzed our data by sex and discovered that the AA genotype for
rs7232 was associated with an increase in alcohol consumption, i.e. number of drinks and number of
drinking days in the past one month, among male subjects (Figure 3D). However, we did not observe a
SNP-dependent pattern of alcohol consumption in women, which may be at least partially due to small
sample size. As mentioned previously, two thirds of the study participants were men (Table 1). The
rs7232 SNP has been associated previously with plasma TREM?2 concentrations (p: 3.0E-190, n=
10708) ». Consistent with our findings, the minor allele (A) was associated with higher plasma
TREM2 levels (Figure 4A). The minor allele frequency for rs7232 is 37% in European Americans. The
minor allele (A) is associated with lower MS4A6A expression (p: 1.44E-12) in whole blood, based on
the GTEx database (Figure 4B). Furthermore, MS4AG6A is an ethanol-responsive gene but this response
is only observed in cells transfected with the wildtype SNP. Specifically, cells transfected with the
wildtype plasmid revealed a significantly higher level of MS4A6A compared to those transfected with
the variant genotype in the absence of ethanol. Upon ethanol treatment, the mRNA level of MS4A6A
decreased in cells transfected with the wildtype plasmid, whereas no change was observed in the
mRNA level of MS4AG6A after ethanol exposure in cells transfected with the variant plasmid (Figure
4C).

MS4A46A4 missense variant caused proteasome-mediated protein degradation

This genetic polymorphism (rs7232) substituted amino acid threonine to serine, and is predicted to be
“possibly damaging”, with a score of 0.827 (sensitivity: 0.84; specificity: 0.93) by prediction of the
functional effects of human non-synonymous single nucleotide polymorphisms software (Poly
Phen-2 software) *°, and Combined Annotation Dependent Depletion (CADD v1.7) also indicated that
this genetic polymorphism might be deleterious *’. As the rs7232 SNP was an eQTL for the MS4464
gene (Figure 4B), we tested the possibility that this missense variant might affect MS4A6A protein
expression. MS4A6A plasmids that were wildtype or contained the nonsynonymous SNP (rs7232) were
expressed in HEK-293T cell. We observed that rs7232, a SNP that encoded a T185S substitution,
resulted in a significant decrease in MS4A6A protein expression (6512 % of wildtype, p <0.05)
(Figure 4D). We next set out to determine the mechanism underlying the SNP-dependent protein

degradation.

Proteasome-mediated degradation is a common functional mechanism for the effect of missense
variants ' **?_ Accelerated protein degradation is also a possible mechanism for the decreased level of
protein displayed by the variant genotype, which could be due to ubiquitin-proteasome or
autophagy-mediated degradation. To investigate these possibilities, we set out to test the effects of a
protease inhibitor (MG-132) or an autophagy inhibitor (3-MA) on MS4A6A protein expression in HEK
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-293T cells that were transfected with plasmids encoding MS4AG6A that was wildtype or contained one
amino acid substitution (T185S). Our results showed that the protease inhibitor, MG-132, increased the
protein level of MS4A6A in cells with the variant genotype (Figure 4E), but the autophagy inhibitor
(3-MA) did not have any effect, indicating that the degradation of MS4A6A protein was proteasome
-mediated (Figure 4F).

Taken together, our findings indicate a positive correlation between plasma TREM2 levels and recent
alcohol consumption. Through a proteomics-informed GWAS approach, we identified the rs7232 SNP,
a missense variant in MS4464, as a potential key genetic factor influencing plasma TREM?2 levels. The
minor allele (A) was associated with increased plasma TREM2 levels and reduced MS4A6A
expression. Furthermore, our functional genomic studies demonstrated that the SNP-dependent gene

expression could be linked to proteasome-mediated protein degradation.

Discussion

The Mayo Clinic Center for Individualized Treatment of Alcohol Dependence study is an open-label
acamprosate clinical trial which was originally designed to identify biomarkers associated with

12,1
acamprosate treatment response 7

. In the present study, we set out to leverage the existing
multi-omics data from that trial to identify biomarkers that might provide insight into the genetic

underpinnings of alcohol consumption and its broader implications for alcohol associated diseases.

Our analysis revealed plasma TREM2 as a key marker associated with recent alcohol consumption,
showing robust correlations with various self-report alcohol consumption metrics, including the total
number of drinks, drinking days, and heavy drinking days. Moreover, we observed significant positive
associations between plasma TREM?2 levels and levels of liver enzymes, such as GGT, AST, and ALT.
While we could not establish causality, the significant correlation between levels of plasma TREM?2
and liver enzymes implies that TREM2 might serve as an indicator of alcohol-induced liver injury, a
critical aspect of AUD pathophysiology. Given that plasma TREM?2 has previously been proposed as a
circulating marker of non-alcoholic fatty liver disease *, its involvement in systemic inflammation and
its potential link to alcohol-induced liver damage add a new dimension to our understanding of
TREM2's role in AUD. TREM?2 is also known for its role in the immune system, particularly in
microglial function and inflammatory processes in the brain *'*. Its link to systemic inflammation,
particularly in the context of chronic alcohol use, underscores the broader implications of TREM2

dysregulation in AUD.

The identification of TREM2 as a biomarker not only provides a tool for assessing alcohol
consumption and its health impacts but also aligns with the ongoing effort to bridge the gap between
psychiatric phenotypes and their biological underpinnings. One of the major challenges in psychiatric
research is the limited connection between “well-defined” clinical phenotypes and the underlying
biology. This is especially true for conditions such as alcohol addiction, where the lack of biological
measures impedes diagnostic precision, and limits the ability to monitor disease progression. To
address this challenge, we applied our established ‘“proteomics-informed genomic” approach,
integrating biological quantitative measures with clinical traits i.e. alcohol use, to identify relevant
biomarkers. Our findings highlighted plasma TREM?2 as a biomarker for recent alcohol consumption
and highlighted the role of genetic variation, particularly the rs7232 SNP in the MS4464 gene,
modulating its levels in patients with AUD (Figure 3).

Our proteomics-informed GWAS identified the rs7232 SNP in MS446A as significantly associated
with plasma TREM2 levels (Figure 3). This aligns with earlier studies that have linked the MS4A gene
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Figure 4. The rs7232 SNP is functional. (A) SNP-dependent plasma TREM2 concentrations. (B) The rs7232 SNP is an eQTL for
MS4A6A in whole blood based on the GTEx database. (C) we performed functional genomic studies to demonstrate that
MA4AG6A is an ethanol-responsive gene in a SNP-dependent manner. (D) MS4A6A plasmids that were wildtype or contained the
nonsynonymous SNP (rs7232) were expressed in HEK-293T cell. The rs7232 SNP that encoded a T185S substitution, resulted in
a significant decrease in MS4A6A protein expression. Protein expression was determined by Western blot analysis. Protein
quantification is shown in the bottom panel. A Student’s t test was performed to compare gene expression in cells with differing
MS4A6A SNP genotypes (wildtype vs variant). *A p value <0.05 was considered statistically significant. All values are mean +/-
S.E.M for three separate independent assays. (E) MG-132 increased the protein expression of MS4AG6A in cells that expressed the
variant genotype for the rs7232 SNP. (F) 3-MA did not have effects on the protein expression of MS4A6A. Three independent

experiments were performed. Values are mean = SEM of three assays.

family to TREM2 regulation, particularly in the context of neuroinflammation and Alzheimer’s disease
335 Our study extends these associations to AUD, suggesting that genetic variation in MS4A6A may
influence TREM2 expression and, consequently, the inflammatory response to alcohol consumption.
The rs7232 SNP is associated with both increased plasma TREM?2 levels and decreased MS4A6A
protein expression, likely through proteasome-mediated degradation (Figure 4). These observations
provide possible mechanistic explanation for the SNP's biological effects. Notably, we found that the
association between the rs7232 SNP and alcohol consumption was more pronounced in men than in
women. This sex-dependent difference could be due to the larger proportion of male participants in our
study, but it also raises questions about how genetic factors might differentially affect the risk of
alcohol-related diseases in men and women. Further research with a more balanced sample of male and
female participants is needed to understand the sex-specific genetic influence on alcohol consumption
and TREM2 levels.

While the present study provides important insights, it is not without limitations. First, the sample size,
particularly the smaller number of female participants, may limit the generalizability of our findings
across sexes. Second, while we identified a significant genetic association with plasma TREM?2 levels,
the exact mechanisms by which alcohol exposure influences TREM2 expression and its downstream
effects on liver function require further investigation. Future studies are needed to replicate our
findings in larger, more diverse cohorts and to explore the longitudinal relationships between TREM?2,
alcohol consumption, and alcohol-related diseases. Nevertheless, this series of analyses enhanced our
understanding of the molecular and genetic underpinnings of AUD and suggested new avenues for

research into biomarkers for alcohol-related diseases.

It is well-documented that TREM2 is a known risk gene for Alzheimer's disease (AD) ***. It is
important to note that the rs7232 SNP has previously been associated with TREM2 concentrations in
both plasma and cerebrospinal fluid (CSF). Pietzner et al. reported that rs7232 is linked with plasma
TREM2 (p: 3.0E-190, n= 10708) ** Moreover, it has been reported that rs7232 was associated with
CSF soluble TREM2 levels in two independent studies, including an Alzheimer’s Disease
Neuroimaging Initiative (ADNI) study cohort (p: 1 x 10, n=1001) **, and a Chinese Alzheimer's
Biomarker and LifestylE study (p = 1.42 x 10, n=449) **. Given the association of rs7232 with
TREM?2 concentrations and Alzheimer's disease risk, these findings highlight the complex interplay
between TREM2 expression, alcohol use, and alcohol-related neurodegenerative diseases. The shared
pathways involving TREM2 in both AUD and Alzheimer’s disease suggest that further investigation

into this gene’s role could provide critical insights into the overlapping mechanisms of alcohol-related
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liver damage and neuroinflammation. This series of analyses enhances our understanding of TREM2’s
role in AUD and highlights its potential as a biomarker for both alcohol consumption and
alcohol-induced liver injury. These findings open new avenues for future research into the genetic
regulation of TREM2 and its implications for alcohol-related diseases, with potential to inform

personalized interventions for patients suffering from AUD.

Conclusions

This series of experiments could potentially advance our understanding of the genetic and molecular
mechanisms underlying the regulation of plasma TREM2 levels. TREM 2 is also ethanol inducible,
which suggests its implications in alcohol-associated diseases. This study sheds light on how MS4464
genetic variation (rs7232) can influence TREM2 levels. Additionally, the link between this SNP and
proteasome-mediated protein degradation offers insight into the broader biological pathways that may
be involved. These findings could inform future research on therapeutic targets and biomarkers for

alcohol-related diseases in which TREM2 plays a crucial role.
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