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Soluble TREM1 concentrations are increased and positively correlated
with total tau levels in the plasma of patients with Alzheimer’s disease
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Abstract

Background/aims Recently, we showed that triggering receptor expressed on myeloid cells 1 (TREM1) was involved in the
pathogenesis of Alzheimer’s disease (AD) since it modulated microglial phagocytic functions and thus affected amyloid-f
clearance in the brain. Interestingly, a soluble form of TREM1 (sTREM1) can be detected in the plasma of human. To date,
whether sSTREM1 concentrations were altered in the plasma under AD context remained unclear.

Methods In this study, we compared the plasma concentrations of STREM1 between 110 AD patients and 128 age- and
gender-matched controls. Meanwhile, the relationship of sSTREM1 concentrations with total tau levels in the plasma of AD
patients was also assessed.

Results We revealed that the concentrations of STREM1 were significantly increased in AD patients. Meanwhile, the
STREMI1 concentrations were gradually increased during disease progression. More importantly, we showed that the sSTREM1
concentrations were positively correlated with the levels of total tau in the plasma of AD patients (r=0.61, P <0.001). The
subsequent subgroup analysis indicated that this correlation was more pronounced in patients with severe dementia (Mini-
Mental State Exam score < 10, r=0.81, P <0.01).

Conclusion These findings indicate a potential association between sTREM1 and tau pathology, and further confirm an
involvement of this immune receptor in AD pathogenesis.
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Introduction

Alzheimer’s disease (AD) is the most common cause of
dementia in people over the age of 65 [1]. Currently, the
pathogenesis of AD is still unclear, and no effective strategy
is available for the treatment of this disease [2]. Amyloid-§
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(AP) accumulation and tau pathology represent the two
main hallmarks of AD, and it has been proven that these two
pathological changes manifested decades before the appear-
ance of clinical symptoms [3]. Hence, to identify individuals
at early stages for timely intervention and to uncover the
potential disease pathogenesis, reliable plasma biomarkers
are needed.

Previously, Replogle and colleagues revealed a close
association between triggering receptor expressed on mye-
loid cells 1 (TREM1) gene and AD, as its intronic variant
1$6910730° was related to an increased AP level as well as
total amyloid burden in the brains of elderly subjects [4].
TREM1 encodes a type I transmembrane immune receptor,
which is expressed by a subset of myeloid cells including
leukocyte and microglia [5]. Recently, Sao and colleagues
revealed that TREM 1 expression was increased in the leuko-
cyte of AD patients [6]. Moreover, we showed that TREM 1
modulated microglial phagocytic functions and thus facili-
tated A clearance in the brain of APP/PS1 mice, an animal
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model of AD [7]. In the plasma, a soluble form of TREM1
(sSTREM1) can be detected using commercial detection kits
[8]. The concentrations of sSTREM1 were markedly elevated
in patients with systemic sepsis, acute myocardial infarc-
tion and subarachnoid hemorrhage, and were considered
as a potential plasma biomarker for these diseases [9—11].
However, whether sSTREM 1 concentrations were altered in
the plasma under AD context remained unclear.

In this study, we assessed the concentrations of STREM 1
in the plasma of 110 AD patients and 128 age- and gender-
matched controls. We showed that the concentrations of
sTREM1 were significantly increased in AD patients. Mean-
while, the STREM1 concentrations were gradually increased
during disease progression. More importantly, we revealed
the sSTREM1 concentrations were positively correlated with
the levels of total tau (t-tau) in the plasma of AD patients.
The subsequent subgroup analysis indicated that this corre-
lation was more pronounced in patients with severe demen-
tia. These findings indicate a potential association between
STREM1 and tau pathology, and further confirm an involve-
ment of this immune receptor in the pathogenesis of AD.

Materials and methods
Human subjects and plasma collection

A total of 110 AD patients and 128 cognitively normal con-
trols matched for age (mean age of AD patients vs. cog-
nitively normal controls: 74.48 +5.86 vs. 74.60+7.97;
P=0.91) and gender (female % of AD patients vs. cogni-
tively normal controls: 58.9% vs. 55.1%; P=0.84) were
involved in this study. The details of this cohort were
described in our previous study (also see Table 1) [12].
Briefly, the AD patients were recruited from the Department
of Neurology at Qingdao Municipal Hospital. A consensus
clinical diagnosis of probable AD was established accord-
ing to the criteria of the National Institute of Neurologi-
cal and Communicative Disorders and Stroke/Alzheimer’s
Disease and Related Disorders Association by at least two
neurologists as described [13], and the severity of demen-
tia was assessed by Mini-Mental State Exam (MMSE). The

cognitively normal controls matched for age and gender were
collected from the Health Examination Centers of collabo-
rating hospitals in Qingdao and Nanjing as described [12].
They were confirmed healthy and neurologically normal by
physicians. It should be noted that subjects with ischemic
heart disease, chronic obstructive pulmonary disease, rheu-
matoid arthritis, colitis, end-stage renal disease and a recent
history of infectious diseases were excluded from this study,
as these diseases may potentially affect STREM1 concentra-
tions in plasma.

Plasma collection was performed as described [12].
Briefly, venous blood (5 mL) was collected at room tem-
perature in 0.9% sodium citrate and centrifuged at 3000g for
20 min. Aliquots of plasma were frozen in liquid nitrogen
and stored at —40 °C until use.

Measurement of sTREM1 and t-tau levels

Plasma concentrations of sSTREMI1 were determined
by enzyme-linked immunoabsorbent assay (ELISA) as
described by Boufenzer and colleagues [10]. The levels of
t-tau in the plasma were evaluated via a specific ELISA kit
(Abcam Inc.) according to the manufacturer’s instructions.

Statistical analysis

Statistical analysis was performed by GraphPad Prism 6
(GraphPad Software). Independent sample 7 test or one-way
analysis of variance (ANOVA) followed by Tukey’s post
hoc test was used to analyze differences between different
groups. Pearson’s correlation analysis was used to investi-
gate the correlation between STREM1 and t-tau levels. All
data were expressed as mean+ SD. P <0.05 was considered
statistically significant.

Results

First, the concentrations of STREMI1 in the plasma of
AD patients and their age- and gender-matched con-
trols were detected using ELISA. As revealed by Fig. 1a,
AD patients showed significantly higher sSTREM1

Table 1 Demographic details of

Characteristic AD patient (n=110) Control subjects (n=128) P
our cohort

Age 74.48 +5.86 (onset age) 74.60+7.97 (examination age) 0.91

Sex, n (%)
Male 44 (41.1%) 58 (44.9%) 0.84
Female 56 (58.9%) 70 (55.1%)

MMSE scores, 14.49+3.72 28.58+0.77 <0.001
mean+SD

AD Alzheimer’s disease, MMSE Mini-Mental State Examination, SD standard deviation
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Fig. 1 The concentrations

of STREM1 and t-tau are
significantly increased in the
plasma of AD patients. a The
concentrations of sSTREMI in
the plasma of AD patients and
their age- and gender-matched
controls were detected using
ELISA. Data were analyzed
using independent sample ¢
test. b Next, AD patients were
divided into three subgroups
according to disease severity:
7 patients with mild dementia
(20<MMSE < 24), 94 patients
with moderate dementia °
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concentrations when compared with cognitively normal
controls (60.34 + 14.94 pg/mL vs. 52.09 + 13.54 pg/mL,
P <0.001). Afterward, to investigate whether plasma
sTREMI1 concentrations were altered during disease pro-
gression, AD patients were divided into three subgroups
according to disease severity: 7 patients with mild demen-
tia (20 <MMSE < 24), 94 patients with moderate dementia
(10 <MMSE < 20) and 9 patients with severe dementia
(MMSE < 10). As shown by Fig. 1b, the concentrations
of sSTREMI in the plasma of AD patients were gradually
increased during disease progression (P <0.001). In addi-
tion, we assessed the levels of t-tau, a potential AD bio-
marker, in the plasma of AD patients and their age- and
gender-matched controls. The t-tau levels in the plasma of
AD patients were significantly higher than those of cogni-
tively normal controls (Fig. 1c, 26.14 +11.52 pg/mL vs.
15.02+9.04 pg/mL, P <0.001).
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Next, to determine the correlation between the concen-
trations of STREM1 and t-tau levels in the plasma of AD
patients, Pearson’s correlation analysis was performed. As
demonstrated by Fig. 2a, plasma sTREMI1 concentrations
were positively correlated with t-tau levels in AD patients
(r=0.61, P<0.001). Meanwhile, the subsequent subgroup
analysis showed the correlation between plasma sTREM1
concentrations and t-tau levels was more pronounced
in patients with severe dementia (MMSE < 10, Fig. 2b,
r=0.81, P<0.01).

Discussion
As a type I transmembrane immune receptor, TREMI is

expressed by a subset of myeloid cells including microglia
and monocytes, coupling with adapter protein TYROBP
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Fig.2 The concentrations of sSTREMI1 are positively correlated with
t-tau levels in the plasma of AD patients. a Pearson’s correlation
analysis was employed to investigate the correlation between plasma
sTREMI1 concentrations and the levels of t-tau in all AD patients. b

for its signaling and biologic functions [8, 14]. Emerging
evidence indicated that a soluble form of TREM1 can be
detected in the plasma of human and rodent [8], although
its origin remains unclear. Several lines of evidence indi-
cated that STREM1 was derived from proteolytic cleavage or
membrane shedding of full-length TREM1 [15], while some
researchers showed that it can be generated by the transla-
tion of an alternative TREM1 mRNA splice variant [16].
Increased plasma STREM1 concentrations have been noted
in specific diseases including systemic sepsis, acute myo-
cardial infarction and subarachnoid hemorrhage, and were
considered as a useful diagnostic marker for these diseases
[9-11]. In the current study, we demonstrated that plasma
STREMI1 concentrations were significantly increased under
AD context. Meanwhile, we showed that the plasma concen-
trations of STREM1 in AD patients were gradually increased
during disease progression. Since plasma STREM1 concen-
trations indirectly reflected TREMI1 activation [17], this
result supported our previous findings that the activation of
TREMI participated in the pathogenesis and progression
of AD.

Tau is a microtubule-associated protein that promotes
microtubule assembly and stabilization [18]. Under AD con-
text, tau is abnormally hyperphosphorylated by several tau
kinases and is considered as a main pathological hallmark
of this disease [19]. Due to the disruption of brain—blood
barrier during AD progression, tau leaks from cerebrospi-
nal fluid to the plasma [20]. Several lines of evidence sug-
gested that plasma t-tau levels might represent a potential
biomarker for this disease since it was closely associated
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Pearson’s correlation analysis was employed to investigate the corre-
lation between plasma STREM1 concentrations and the levels of t-tau
in patients with severe dementia (MMSE < 10)

with cognitive impairment and brain atrophy and metabo-
lism [21]. In this study, we showed that the plasma t-tau lev-
els were significantly increased in AD patients. This result
was consistent with previous findings that AD patients had
higher plasma t-tau levels when compared with healthy con-
trols [22, 23]. More importantly, using Pearson’s correlation
analysis, we provided evidence that plasma sTREMI1 con-
centrations were positively correlated with t-tau levels in AD
patients. The subsequent subgroup analysis indicated that
this correlation was more pronounced in patients with severe
dementia (MMSE < 10). To our knowledge, this is the first
study reporting a correlation between STREM1 and t-tau
levels in the plasma under AD context. In consideration of
this finding, we speculated that TREM1 may participate in
the pathogenesis and progression of AD via influencing tau
pathology, especially at the late stage of this disease. Future
studies are warranted to validate this hypothesis.

The current study also has some limitations. Since cere-
brospinal fluid (CSF) biomarkers usually reflect brain patho-
logical changes more precisely than those in plasma, we will
continue to investigate whether a corresponding alteration of
STREMI1 concentrations happened in the CSF during disease
progression in future. Moreover, in addition to AD patients,
our future studies will focus on mild cognitive impairment
subjects to further uncover the role of STREMI1 at the very
early stage of this disease.

In conclusion, we assessed the concentrations of STREM 1
in the plasma of 110 AD patients and 128 age- and gender-
matched controls in this study. We revealed that the con-
centrations of STREM1 were significantly increased in AD
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patients. Meanwhile, the STREM1 concentrations were
gradually increased during disease progression. More impor-
tantly, we showed that the sSTREMI1 concentrations were
positively correlated with the levels of t-tau in the plasma
of AD patients. The subsequent subgroup analysis indi-
cated that this correlation was more pronounced in patients
with severe dementia. These findings indicate a potential
association between STREM1 and tau pathology, and fur-
ther confirm an involvement of this immune receptor in the
pathogenesis of AD.
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