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Abstract
Amyotrophic lateral sclerosis (ALS) is a multifactorial neurodegenerative disease. Inflammatory processes are among the 
mechanisms that are implicated in ALS pathogenesis. The TREM2 rs75932628 T variant may influence the regulatory effect 
of TREM2 on inflammation. Studies regarding the role of the rs75932628 variant in ALS have yielded inconsistent results, so 
far. To assess the role of TREM2 rs75932628 on ALS risk. We genotyped 155 patients with sporadic ALS and 155 healthy 
controls for TREM2 rs75932628. We also merged and meta-analyzed our data with data from previous studies (with a total 
of 7524 ALS cases and 14,675 controls), regarding TREM2 rs75932628 and ALS. No ALS or healthy subjects carried the 
TREM2 rs75932628-T variant. Results from meta-analyses (overall approach and sensitivity analyses) yielded no significant 
results for possible connection between TREM2 rs75932628-T variant and ALS. Based on our results, TREM2 rs75932628 
does not seem to play a determining role to the pathophysiology of ALS.
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Introduction

Amyotrophic lateral sclerosis (ALS) is a syndrome with 
diverse manifestations, and is considered as the commonest 
motor neuron disease of adulthood [1]. ALS is slightly more 
frequent among males, while its prevalence is considered to 
be almost 0.003 cases per 100 human individuals [2]. How-
ever, frequency, incidence and age at onset, vary between 
population with different ancestry [3].

The clinical manifestations of ALS is outlined from 
symptomatology stemming from both lower and upper 
motor neuron dysfunction, and is characterized by a progres-
sive course and heterogeneous phenotypes, as any skeletal 
muscle can be affected [4]. Moreover, non-motor deficits 
have been described in ALS, as it may also coexist and over-
lap with frontotemporal degeneration (FTD) regarding both 
molecular and clinical aspects [5].

The main pathophysiological mechanisms driving the 
emergence of ALS remain widely elusive [6]. Various pos-
sible mechanisms implicated in ALS have been reported, 
including, but not limited to, mitochondrial dysfunction, 
excitotoxicity, RNA deficits and toxicity, oxidative stress, 
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inflammation, defected protein degradation and toxic protein 
aggregation [3, 7].

Again, the pathways via which the aforementioned pro-
cesses are activated and lead to ALS are poorly understood. 
However, there is accumulating evidence, that from one side 
the environment, and from another the genetics can be impli-
cated [7]. In fact, a substantial part of ALS pathogenesis 
may result from the interaction between environmental and 
genetic risk factors [8].

The involvement of genetics in ALS is indisputable, as 
over 120 genetic variants have been reported to be linked 
with ALS [9]. From a genetic point of view, ALS was tra-
ditionally dichotomized as familial ALS (fALS), (1 in 10 
of all ALS cases) with a great burden of genes having been 
associated with the disease, and sporadic ALS (sALS) (9 in 
10 of all ALS cases), towards which a few genes have been 
reported to confer susceptibility [10]. Concerning fALS, the 
commonest gene mutations reported are in C9orf72, SOD1, 
FUS, and TARBDP genes [10]. However, recent evidence 
suggests that similarities in the genetic architecture of famil-
ial and sporadic ALS exist, as relatives of patients with 
sALS are at higher risk of developing ALS [11] whereas 
mutations involved in fALS can be found in 10% of patients 
with sALS [10]. Additionally, few genetic risk factors have 
been associated with sALS as well [10], though the con-
ferred risk from rare genetic variants indicates that ALS may 
follow an oligogenic disease pattern [3, 12].

Triggering receptor expressed on myeloid cells 2 
(TREM2), is a cell surface receptor, member of the TREM 
transmembrane glycoprotein family, and it mainly located on 
dendritic cells, microglia, osteoclast precursors and activated 
macrophages [13, 14]. Its main action is the negative regula-
tion of the inflammation by acting as an immunomodulatory 
receptor [15, 16]. Additionally, mutations of the TREM2 
gene have been reported in patients with Nasu-Hakola dis-
ease (NHD) [17]. The concept of the possible implication 
of TREM2 to neurodegeneration derives from the hypoth-
esis that TREM2 may be an important molecule for micro-
glia phagocytosis and the resolution of inflammation [18]. 
As such, impaired TREM2 function may lead to defec-
tive immune response, extensive inflammatory processes, 
deficient neuroprotective microglial activation, ultimately 
resulting in neurodegeneration [19]. This hypothesis was 
further reinforced, after the identification of the TREM2 
rs75932628 (p.R47H) variant, as a possible risk factor for 
Alzheimer’s disease (AD), the most common neurodegen-
erative disease [20].

Taking into consideration that inflammatory processes are 
pivotal perpetuators implicated in ALS pathogenesis [3], that 
TREM2 rs75932628 variant may influence the regulatory 
effect of TREM2 in inflammation [20], and that studies regard-
ing the role of the rs75932628 variant to ALS have yielded 
inconsistent results so far [21], we performed a case-control 

study aiming to survey the existence or not of association of 
TREM2 rs75932628 with ALS. We also merged and meta-
analyzed our data with data from previous studies concerning 
TREM2 rs75932628 and ALS.

Case–control study

Methods

Participants

Three hundred and ten individuals were drafted for the 
current study. More precisely 155 patients with sporadic 
ALS [78 (50.3%) male, mean age ± standard deviation 
(SD) = 63.74 ± 11.30 years], and 155 healthy controls, were 
gathered from the University Hospital of Larissa, in Greece 
(Neurology Department). Diagnoses of ALS were made by 
consultant neurologists, according to the El Escorial criteria 
[22]. Patient characteristics are presented in Table 1. The 
study protocol got the approval by the local ethics commit-
tee. Also, all the participants granted a written informed 
consent. Additional information concerning sample charac-
teristics has been previously described in great detail [23, 
24].

Molecular genetics

Peripheral blood was collected form all the participants 
and the genomic DNA was isolated from leucocytes via 
the method of salting out [25]. All the ALS cases and the 
controls were genotyped for the TREM2 rs75932628 with 
the TaqMan allele specific discrimination assays on an ABI 
PRISM 7900 Sequence Detection System. Results were 
afterwards analyzed with the SDS software (Applied Bio-
systems, Foster City, California, USA). The genotype call 
rate was 99.68%.

Results

The genotype call rate was calculated equal to 99.68% 
(99.35% for ALS cases and 100% for healthy controls) 
leading to 154 cases with ALS and 155 controls for com-
parison. A total of 309 samples were genotyped; though the 
rs75932628-T allele variant was not carried by any of the 
participants.

Meta‑analysis

Methods

Prior to its implementation, the current meta-analysis was 
not registered in any database. The present meta-analysis 
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was conducted in accordance with the preferred reporting 
items systematic reviews and meta-analyses (PRISMA) 
guidelines (Supplementary File 1) [26]. The entire process 
was independently carried out by two authors (VS and IL), 
while any divergences were unraveled by a 3rd author (ED).

Literature search

Literature review was performed on MEDLINE (via Pub-
Med). We searched for articles from the inception of Pub-
Med up to July 2020, for studies in humans, regarding ALS 
and rs75932628. The terms “amyotrophic lateral sclerosis” 
and “TREM2” were used as free words. The last PubMed 
searched was carried out on July 21st, 2020. We manually 
screened all the titles and the abstracts for eligibility. From 
the articles that passed the initial screening, full texts were 
evaluated. Moreover, the reference lists of the retrieved arti-
cles were scanned for supplementary eligible articles.

Eligibility criteria

Studies were included according to the following criteria: (1) 
published before July 21st, 2020; (2) the absolute number 
of carriers of the rs75932628, were accessible for both ALS 
cases and controls; (3) the absolute number of both ALS 

cases and controls were available and (4) written in English 
language.

Data extraction

From each article that fulfilled the eligibility criteria, the 
following data were collected when possible: (1) author, 
(2) year of publication, (3) ethnicity of the population, (4) 
screening patients for causative ALS mutation, (5) diagno-
sis assessment, (6) main demographic characteristics (age, 
sex, number of participants) of ALS cases and controls, (7) 
main results.

Statistical analysis

The MetaXL (www.​epige​ar.​com) statistical software [27], 
as add-in for Microsoft Excel, was used in order for the ORs 
and the 95% CIs for the effect of the rs75932628 variant, 
be calculated. The Statistical heterogeneity was calculated 
with the Q-statistic [28] (homogeneity rejected if PQ < 0.1) 
and I2 statistic [29] (with the value I2 > 75% as indicative 
for heterogeneity). Both random effects (RE) and Man-
tel–Haenszel (MH) [fixed effect (FE)] models were applied 
[30–32]. The detection of publication bias was made visu-
ally with the DOI plot and numerically with the LFK index 
[33]. Continuity correction (add 0.5 to the number of events 

Table 1   Demographic characteristics of the ALS cohort (n = 155)

SD standard deviation

Quantitative characteristics Mean (SD)

Age (years) 63.74 (11.30)

Qualitative characteristics Frequency (%)

Sex
 Female (n = 77) 49.7
 Left-headed (n = 19) 12.2

Years of education
  ≤ 6 (n = 114) 73.6
  > 6 (n = 41) 26.4

Alcohol consumption
 Yes (n = 104) 67.1
 No (n = 51) 32.9

Smoking
 Yes (n = 106) 68.4
 No (n = 49) 31.6

Site of onset
 Mainly bulbar (n = 50) 32.3
 Bulbar and limbs (n = 8) 5.2
 Lower limbs (n = 54) 34.8
 Upper limbs (n = 34) 21.9
 Lower and upper limbs (n = 9) 5.8

http://www.epigear.com
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and non-events) was used for studies with zero events [34]. 
Sensitivity analyses by omitting one study at a time, aiming 
to examine the effect of each individual study, were also 
performed. Further sensitivity analysis was carried out, by 
excluding studies in which continuity correction was applied 
(studies with no observed events), aiming to minimize the 
possible bias effect of this method [34].

Results

Twenty-eight articles were retrieved from the MEDLINE 
(through PubMed) search, published between 2013 and 
2020. The manual screening of the reference lists yielded 
no additional eligible articles. Six full texts were assessed 
for possible eligibility, after the initial evaluation of both 
titles and abstracts. Seven studies (6 retrieved articles along 
with our case-control study) were finally included in this 
meta-analysis, which finally consisted of 11 datasets, with 
a total of 7524 ALS cases and 14,675 controls [18, 35–39]. 
Forty-three carriers of TREM2 rs75932628 were counted in 
ALS cases and 73 in healthy controls. The main traits of the 
eligible studies are shown in Table 2. The process of study 
selection is presented in Supplementary File 2 as a PRISMA 
flow diagram.

Analysis for publication bias was indicative for only 
minor asymmetry, with LFK index equal to 1.41 (Fig. 1). 
The statistical analysis revealed no significant results for 
possible connection between TREM2 rs75932628 and ALS 
(RE model OR 1.32; 95% CI 0.74–2.35; and ΜΗ model OR 
1.17; 95% CI 0.78–1.74). The Forest plots can be accessed 
in Fig. 2. In the sensitivity analysis, after omitting one study 
at a time, the pooled ORs (95% CIs) ranged from 0.91 (ΜΗ; 
95% CI 0.59–1.41) to 1.57 (RE; 95% CI 0.89–2.75). The 
additional sensitivity analysis, with the exclusion of stud-
ies in which continuity correction was applied, also yielded 
negative results (RE OR 1.39; 95% CI 0.71–2.72, and ΜΗ 
model OR 1.17; 95% CI 0.78–1.76). The results from the 
sensitivity analyses are summarized at Table 3, while the 
respective forest plots can be found at Supplementary File 3.

Discussion

The purpose of the current case–control study and meta-
analysis was to gather and analyze the available published 
data regarding TREM2 rs75932628, and to evaluate its role 
in ALS. We did not find any carriers of the rs75932628 T 
allele in either ALS patients or in healthy controls. Moreo-
ver, the results from meta-analysis in a sample consisting of 
7524 ALS cases and 14,675 healthy controls did not reveal 
any association, either, with several sensitivity analyses 
having been performed. Therefore, based on our results it 

appears rather unlikely that the TREM2 rs75932628 T allele 
is among the major risk factors for ALS.

In 2013 Rayaprolu et al. [18].hypothesized that a defec-
tive function of TREM2, which appear to be an important 
element in the proper phagocytic processing of apoptotic 
neuronal cells by microglia, may be implicated in neuro-
degenerative processes [18]. Consequently, they conducted 
the first study exploring the role of TREM2 rs75932628 (a 
non-synonymous variant) in ALS. However, no evidence of 
association emerged. Since then, few studies tried to further 
examine the role of rs75932628 in ALS [35–39]. Only in one 
of them, the study of Cady et al. [36] was the rs75932628 
associated with ALS (OR 2.40; 95% CI 1.29–4.15 and 
p-value = 4.1 × 10−3) [36]. Moreover, in this study, they 
only detected 10 rs75932628 carriers in a sample of 920 
ALS patients. The rest of the studies produced negative 
results [35, 37–39], and in two of them, no carrier of the 
rs75932628 was identified [37, 39]. The latter is in accord-
ance with our results. Given the low frequency of T allele 
of the rs75932628 in European populations [40, 41], it is 
evident that studies with even larger samples are needed in 
order for the adequate statistical power to be achieved.

Over the last decade, TREM2 has drawn scientific atten-
tion, due to its possible application as a biomarker of neu-
rodegeneration, especially in AD [15]. Therefore, a number 
of studies have been performed examining the contribution 
of TREM2 rs75932628 in various neurological diseases 
(besides ALS), such as AD [20], corticobasal syndrome 
mild cognitive impairment, FTD, progressive supranuclear 
palsy syndrome [35], Parkinson’s disease (PD) [42], essen-
tial tremor (ET) [43], ischemic stroke [18], and multiple 
sclerosis [40]. However, the strongest association, and one 
having high reproducibility rates, appears in the context of 
AD [21]. On the other hand, for ET, PD and FTD only mod-
est or ancestry specific effects have been described, without 
stable repeatability [15, 43].

TREM2 expression has been shown to be elevated in the 
spinal cord of patients with ALS, and SOD1G93A mice, and 
also with higher levels of TREM2 negatively correlating 
with survival, suggesting a dysregulation of TREM2 in 
ALS [36]. Apart from the full-length TREM2, the soluble 
form of TREM2 (sTREM2) (a product the either from the 
proteolytic cleavage of the TREM2 receptor or from the 
alternative splicing of TREM2 lacking the transmembrane 
domain), has also been the subject of research [15, 44, 45]. 
Soluble TREM2 (sTREM2) is of great importance for AD, 
as it has been reported to be increased in the cerebrospinal 
fluid (CSF) of patients even from the early disease stages 
[15, 45, 46]. Furthermore, its levels have been positively 
correlated with both total tau and phosphorylated-tau 
(p-tau), denoting is importance to neurodegeneration [15, 
45, 46]. Concerning ALS, Cooper-Knock et al. [47], found 
that sTREM2 protein was elevated in the CSF of patients 



2605Molecular Biology Reports (2021) 48:2601–2610	

1 3

Ta
bl

e 
2  

B
as

el
in

e 
ch

ar
ac

te
ris

tic
s o

f s
tu

di
es

 in
ve

sti
ga

tin
g 

th
e 

as
so

ci
at

io
n 

of
 th

e 
rs

75
93

26
28

-T
 v

ar
ia

nt
 o

f t
he

 T
R

EM
2 

ge
ne

 in
 A

LS
 p

at
ie

nt
s a

nd
 c

on
tro

ls

AL
S 

am
yo

tro
ph

ic
 la

te
ra

l s
cl

er
os

is
, T

RE
M

2 
tri

gg
er

in
g 

re
ce

pt
or

 e
xp

re
ss

ed
 o

n 
m

ye
lo

id
 c

el
ls

 2
, S

O
D

1 
su

pe
ro

xi
de

 d
is

m
ut

as
e 

1,
 C

9o
rf

72
 c

hr
om

os
om

e 
9 

op
en

 re
ad

in
g 

fr
am

e 
72

, H
RE

 h
ex

an
uc

le
ot

id
e 

re
pe

at
 e

xp
an

si
on

, O
R 

od
ds

 ra
tio

, C
I c

on
fid

en
ce

 in
te

rv
al

A
ut

ho
r [

re
fe

r-
en

ce
]

Po
pu

la
tio

n
Sc

re
en

in
g 

pa
tie

nt
s f

or
 

ca
us

at
iv

e 
m

ut
a-

tio
n

D
ia

gn
os

is
 

as
se

ss
m

en
t

C
as

es
C

on
tro

ls

M
ea

n 
ag

e ±
 S

D
/a

ge
 o

f 
on

se
t ±

 S
D

n
Se

x
M

ea
n 

ag
e ±

 S
D

n
Se

x
M

ai
n 

re
su

lts
 a

nd
 

co
m

m
en

ts

R
ay

ap
ro

lu
 e

t a
l. 

[1
8]

C
au

ca
si

an
/N

or
th

 
A

m
er

ic
an

pa
tie

nt
s w

er
e 

sc
re

en
ed

 
fo

r C
9o

rf
72

 
H

R
E

El
 E

sc
or

ia
l 

cr
ite

ria
 (2

7 
pa

th
ol

og
i-

ca
lly

 c
on

-
fir

m
ed

 A
LS

 
pa

tie
nt

s)

−
/5

9.
5 ±

 12
.1

 y
ea

rs
76

5
42

.5
%

 fe
m

al
e

64
.0

 ±
 13

.1
 y

ea
rs

13
24

54
.5

%
 fe

m
al

e
N

eg
at

iv
e

C
ad

y 
et

 a
l. 

[3
6]

no
n-

H
is

pa
ni

c 
w

hi
te

–
EI

 E
sc

or
ia

l 
re

vi
se

d 
cr

ite
ria

61
.0

 ±
 (1

1.
6 

ye
ar

s/
−

92
0 

(s
po

ra
di

c)
 

fro
m

 9
23

45
%

 fe
m

al
e

68
 ±

 13
.6

 y
ea

rs
18

48
 fo

rm
 

18
54

56
%

 fe
m

al
e

Th
e 

p.
R

47
H

 w
as

 
m

or
e 

co
m

m
on

 
in

 p
at

ie
nt

s w
ith

 
A

LS
 th

an
 in

 th
e 

co
nt

ro
ls

 (o
dd

s 
ra

tio
 2

.4
0;

 9
5%

 
C

I 1
.2

9–
4.

15
; 

P 
=

 4.
1 ×

 10
 −

3)
C

he
n 

et
 a

l. 
[3

7]
C

hi
ne

se
–

EI
 E

sc
or

ia
l 

re
vi

se
d 

cr
ite

ria

−
/5

1.
23

 ±
 12

.3
7 

ye
ar

s
86

8 
(s

po
ra

di
c)

–
52

.1
8 ±

 14
.6

6 
ye

ar
s

86
9

–
Th

e 
rs

75
93

26
28

-
T 

va
ria

nt
 w

as
 

no
t i

de
nt

ifi
ed

 in
 

SA
LS

 p
at

ie
nt

s 
an

d 
co

nt
ro

ls
Li

ll 
et

 a
l. 

[3
8]

Eu
ro

pe
an

Pa
tie

nt
s c

ar
ry

-
in

g 
kn

ow
n 

ca
us

at
iv

e 
A

LS
 m

ut
a-

tio
ns

 w
er

e 
ex

cl
ud

ed
 

fro
m

 th
e 

an
al

ys
is

EI
 E

sc
or

ia
l 

re
vi

se
d 

cr
ite

ria

–
46

24
–

–
52

24
–

N
eg

at
iv

e

Pe
pl

on
sk

a 
et

 a
l. 

[3
9]

Po
lis

h 
(C

au
ca

si
an

)
pa

tie
nt

s w
ith

 
m

ut
at

io
ns

 
in

 S
O

D
1,

 
C

9o
rf

72
 

H
R

E 
w

er
e 

ex
cl

ud
ed

El
 E

sc
or

ia
l 

re
vi

se
d 

cr
ite

ria

/−
 5

4.
8 ±

 9.
6 

ye
ar

s
19

4
42

%
 fe

m
al

e
70

.8
3 ±

 6.
93

 y
ea

rs
20

8
72

.1
%

 fe
m

al
e

Th
e 

rs
75

93
26

28
-

T 
va

ria
nt

 w
as

 
no

t i
de

nt
ifi

ed
 in

 
A

LS
 p

at
ie

nt
s a

nd
 

co
nt

ro
ls

Ay
er

 e
t a

l. 
[3

5]
Eu

ro
pe

an
,A

fr
ic

an
, 

A
si

an
, L

at
in

, 
A

m
er

ic
an

, m
ix

ed
 

or
 a

no
th

er
 a

nc
es

try

Ye
s

–
−

/5
5.

9 ±
 10

.4
 y

ea
rs

26
34

.6
%

 fe
m

al
e

65
 y

ea
rs

50
89

57
.4

%
 fe

m
al

e
N

eg
at

iv
e



2606	 Molecular Biology Reports (2021) 48:2601–2610

1 3

with ALS [47]. However, in a recent study by Huang et al. 
[48] sTREM2 levels were found increased only in the 
plasma but not in the CSF of patients with ALS, while, it 
was also elevated in the CSF of a cluster of ALS patients 
carrying either C9orf72 or with patients with fast disease 
progression [48], possibly suggesting that this protein’s 
levels are linked to worse prognosis.

While the survival of ALS patients varies, patients usu-
ally die within 3–4 years from disease onset due to respira-
tory failure [3]. Therapeutic approaches are very limited, 
as riluzole remains the only widely available regiment that 

seems to prolong the survival of ALS patients [49]. These 
facts highlight that ongoing research, also including genetic 
studies, that facilitates the understanding of the molecular 
basis of the disease, can lead to the discovery of much-
needed biomarkers [50] and therapeutic agents, which in 
turn will considerably ameliorate the quality of life of ALS 
patients.

Among the strengths of our study is the high homogeneity 
of the ALS sample, as it was drafted from the same geo-
graphical area and participants had homogenous ancestry. 
Moreover, we gathered data form a total of 7524 ALS cases 

Fig. 1   Doi plots presenting the publication bias from meta-analysis
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and 14,675 controls, which consist, to the best of our knowl-
edge, the most populous sample to date to be examined for 
TREM2 rs75932628. The main limitation is that patients 
with ALS were not screened for major ALS-linked genes, 
such as C9orf72, SOD1, NEK1, and TARDBP [23].

To conclude, in the current case-control study, we 
found neither ALS cases nor controls carrying the TREM2 
rs75932628 T allele. Whether this variant consists a risk 
factor for ALS is still debatable, though the evidence so 

far suggests otherwise; indeed our meta-analysis, which 
included several sensitivity metrics to enhance its accu-
racy, found no association between the variant and ALS. 
We believe that future collaborative studies investigating 
the carriage of this variant in larger multicenter samples 
with different ancestry backgrounds, perhaps alongside the 
study of gene variants with stronger evidence, will be help-
ful, as ALS may follow an oligogenic disease pattern and 
rare genetic variants might confer risk in patients with ALS.

Fig. 2   Forest Plots presenting the results from overall meta-analysis
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