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1. Introduction

Microglia are resident myeloid cells of the central 
nervous system (CNS) that play a principal role in the 
maintenance of normal tissue homeostasis and plasticity 
(1). Microglia are ontogenetically and functionally 
distinct from monocyte-derived macrophages that 
infiltrate the CNS under pathological conditions (2-4). 
Microglia are originated from primitive hematopoietic 
progenitor cells present in the yolk sac during 
embryonic development (5). The establishment of 
specific markers that distinguish resident microglia 
from circulating blood-derived macrophages in human 
brains is essential for exact evaluation of microglial 
contributions to the human brain pathology.

To identify microglia-specific markers, we performed 
a comparative analysis of five comprehensive datasets 
of mouse microglia transcriptome characterized by 
microarray and RNA-Seq technologies (6). Then, we 
identified transmembrane protein 119 (TMEM119) 
as the most reliable marker for human microglia. The 
resting microglia presenting with a ramified morphology 
have a capacity to constantly migrate and scavenge 
invading pathogens, apoptotic debris, unwanted 
synapses, and pathologically accumulated protein 
aggregates by sensing them with a panel of pattern 
recognition receptors (PRRs) (7-9). The homeostatic 
mouse microglia express high levels of Cx3cr1, P2ry12, 
and Tmem119 (3,9). At sites of neurodegeneration, 
they are transformed into disease-associated microglia 
(DAM), also called as the microglial neurodegenerative 
phenotype (MGnD), which upregulate the expression of 
Tyrobp, Apoe, and Trem2 and reduce the expression of 
Cx3cr1, P2ry12, and Tmem119 (9-11). These cells are 
named as the stage 1 (Trem2-independent) DAM (9,10). 
Trem2 signaling further induces the expression of Lpl, 
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Cst7, Axl, and Itgax. They are termed as the stage 2 
(Trem2-dependent) DAM (9,10). 
 Nasu-Hakola disease (NHD), also designated 
polycystic lipomembranous osteodysplasia with 
sclerosing leukoencephalopathy (PLOSL), is a 
rare autosomal recessive disorder, characterized by 
progressive presenile dementia and formation of 
multifocal bone cysts, caused by loss-of-function 
mutations of either TYROBP (DAP12) or TREM2 (12). 
TREM2 and DAP12 constitute a receptor/adaptor 
signaling complex expressed exclusively on osteoclasts, 
dendritic cells, macrophages, and microglia. Although 
NHD patients are clustered in Japan and Finland, 
approximately 200 NHD cases are presently reported 
worldwide. Clinically, NHD patients show recurrent 
bone fractures during the third decade of life, a frontal 
lobe syndrome during the fourth decade of life, 
and progressive dementia and death until the fifth 
decade of life (13). Pathologically, the brains of NHD 
patients exhibit extensive demyelination designated 
leukoencephalopathy, astrogliosis, axonal spheroids, 
and accumulation of microglia predominantly in the 
frontal and temporal lobes and the basal ganglia (14). 
At present, molecular mechanisms responsible for 
development of leukoencephaolpathy in NHD brains 
remain unknown. Because NHD is a pathological 
entity of microgliopathy where microglia act as a key 
regulator of leukoencephalopathy, we propose the 
hypothesis that TMEM119 expression on microglia 
might play a central role in maintenance of homeostasis 
in NHD brains. In the present study, we have attempted 
to clarify the expression pattern of TMEM119 on 
microglia in NHD brains, compared with AD brains.

2. Materials and Methods

2.1. Human brain tissues

The brain autopsies were performed at the National 
Center Hospital, National Center of Neurology and 
Psychiatry (NCNP), Japan, Kohnodai Hospital, 
National Center for Global Health and Medicine 
(NCGM), Japan, and affiliated hospitals of Research 
Resource Network (RRN), Japan. The comprehensive 
examination by established neuropathologists (YS and 
TI) validated the pathological diagnosis. The Ethics 
Committee of NCNP for the Human Brain Research, 
the Ethics Committee of NCGM on the Research 
Use of Human Samples, and the Human Research 
Ethics Committee of Meiji Pharmaceutical University 
approved the present study. Written informed consent 
was obtained in all cases at autopsy, following the 
regulation of the institutional ethics committees. 
 For immunohistochemical studies, serial sections of 
the frontal lobe were prepared from four subjects who 
died of non-neurological causes (NC), ten Alzheimer's 
disease (AD) patients, and five NHD patients, as listed 
in Table 1. The homozygous mutation of a single base 
deletion of 141G (c.141delG) in exon 3 of DAP12 
was identified in NHD1, NHD2, and NHD5, while the 
genetic analysis was not performed in NHD3 or NHD4. 
All AD cases were satisfied with the Consortium to 
Establish a Registry for Alzheimer's Disease (CERAD) 
criteria for diagnosis of definite AD, categorized 
into the stage C of amyloid deposition (15). They 
were classified into the stage VI of neurofibrillary 
degeneration, following the Braak's staging (16).
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Table 1. Study Population

Case No.

NC1
NC2
NC3
NC4
NHD1
NHD2
NHD3
NHD4
NHD5
AD1
AD2
AD3
AD4
AD5
AD6
AD7
AD8
AD9
AD11

Age (year-old)

63
67
57
61
42
48
44
32
38
68
70
68
56
59
81
68
80
72
77

Sex (male, female)

M
M
M 
M 
M 
F
M
F
M
F
F
F
M
M
M
F
M
M
F

The study population is composed of four subjects who died of non-neurological causes (NC), five Nasu-Hakola disease (NHD) patients, and ten 
Alzheimer's disease (AD) patients. The homozygous mutation of c.141delG in exon 3 of DAP12 was identified in NHD1, NHD2, and NHD5. 
All AD cases were satisfied with the stage C of amyloid deposition in the CERAD criteria and the stage VI of neurofibrillary degeneration in the 
Braak's staging.

Pathological Diagnosis

prostate cancer and acute myocardial infarction
dissecting aortic aneurysm
alcoholic liver cirrhosis
rheumatoid arthritis and interstitial pneumonia
Nasu-Hakola disease (DAP12 c.141delG)
Nasu-Hakola disease (DAP12 c.141delG)
Nasu-Hakola disease (mutation not analyzed)
Nasu-Hakola disease (mutation not analyzed)
Nasu-Hakola disease (DAP12 c.141delG)
Alzheimer's disease (C/VI)
Alzheimer's disease (C/VI)
Alzheimer's disease (C/VI)
Alzheimer's disease (C/VI)
Alzheimer's disease (C/VI)
Alzheimer's disease (C/VI)
Alzheimer's disease (C/VI)
Alzheimer's disease (C/VI)
Alzheimer's disease (C/VI)
Alzheimer's disease (C/VI)



www.irdrjournal.com

Intractable & Rare Diseases Research. 2019; 8(4):260-265. 262

TMEM119 in these brains (Figure 1, panels B, D, F; 
Figure 2, panels B, D). Multipolar fine process-bearing 
ramified microglia were well stained by TMEM119 
antibody (Figure 2, panel F), while amoeboid microglia 
exhibited a less intense immunoreactivity for TMEM119. 
Clusters of TMEM119-expressing microglia were often 
incorporated into the amyloid-beta (Aβ) deposition in 
AD brains (Figure 2, panel E). Overall, TMEM119-
immunolabeled areas or Iba1-positive areas were not 
significantly different among NHD, AD and NC brains 
(Figure 3, panels A, B). Approximately 32.5% of Iba1+ 
microglia expressed TMEM119 in NHD brains, 35.0% 
in AD brains, and 32.8% in NC brains. 
 By the data-mining approach, we previously identified 
an evolutionarily conserved protein TMEM119 as the 
most promising marker specific for human microglia 
(6). TMEM119 discriminates resident microglia from 
blood-derived macrophages in the human brain (6,17). 
Several recent studies revealed that TMEM119 is highly 
expressed on microglia under homeostatic conditions, 
while its immunoreactivity is greatly reduced in disease-
associated microglia named DAM, accumulating at 
sites of neurodegeneration (9-11). DAM cells are 
activated sequentially by TREM2-independent and 
TREM2-dependent pathways (9,10). DAM cells sense 
neurodegeneration-associated molecular patterns 
(NAMPs), which serve as danger signals expressed on 
apoptotic bodies of dying neural cells, myelin debris, 
lipid degradation products, and extracellular protein 
aggregates (9). On the other hand, NAMPs trigger 
resting microglia into a DAM phenotype with decreased 
expression of TMEM119 (9). We found that TMEM119 
is expressed on a subset of microglia profoundly in NHD 
brains as well as in NC and AD brains, and TMEM119-
immunolabeled areas exhibited great variability from 
case to case without significant differences among the 
study population. Furthermore, Iba1-positive areas 
were always more intense when compared with that of 
TMEM119 in these brains, suggesting the possibility 
that there exist a number of Iba1-positive TMEM119-
negative DAM-like microglia not only in NHD and AD 
brains but also in NC brains. For instance, we estimated 
that approximately one-third of Iba1+ microglia express 
TMEM119 in NHD brains. However, it is possible that 
an apparent inconsistency between microglial TMEM119 
and Iba1 immunolabeling areas is attributable to a 
difference in the density of antigenic epitopes, the avidity 
of antibodies, or both. Furthermore, our results indicated 
that it is difficult to identify DAM solely by the loss of 
TMEM119 immunoreactivity on microglia in human 
brains.
 TMEM119 is originally identified as an osteoblast 
induction factor (OBIF), composed of a type I 
transmembrane protein predominantly expressed in 
mouse osteoblasts with the location chiefly in the 
plasma membrane (18). OBIF-deficient mice exhibit 
severe bone hypoplasia accompanied by decreased 

2.2. Immunohistochemistry

After deparaffination, tissue sections were heated in 
10 mM sodium citrate buffer, pH 6.0 by autoclave at 
110℃ for 15 min in a temperature-controlled pressure 
chamber (Biocare Medical, Pacheco, CA, USA). They 
were treated at room temperature (RT) for 15 min 
with 3% hydrogen peroxide-containing methanol to 
block the endogenous peroxidase activity. They were 
then incubated with phosphate-buffered saline (PBS) 
containing 10% normal goat serum at RT for 15 min to 
block non-specific staining, followed by incubation in a 
moist chamber at 4℃ overnight with a rabbit polyclonal 
anti-human TMEM119 antibody numbered HPA051870 
(Sigma, St. Louis, MO, USA) (6) or a rabbit polyclonal 
anti-Iba1 antibody (FUJIFILM Wako Pure Chemical, 
Osaka, Japan).
 After washing with PBS, tissue sections were 
incubated at RT for 30 min with a horseradish peroxidase 
(HRP)-conjugated anti-rabbit secondary antibody 
(Nichirei, Tokyo, Japan), followed by incubation 
with diaminobenzidine tetrahydrochloride (DAB) 
substrate (Vector, Burlingame, CA, USA). They were 
processed for a counterstain with hematoxylin. Negative 
controls underwent all the steps except for exposure 
to primary antibody. In limited experiments, double 
immunolabeling was performed using HPA051870 
followed by incubation with a HRP-conjugated anti-
rabbit secondary antibody and exposure to DAB, and 
in combination with a mouse monoclonal antibody 
against amyloid-β peptide (12B2; Immunobiological 
Laboratories, Gunma, Japan), followed by incubation 
with an alkaline phosphatase-conjugated anti-mouse 
secondary antibody (Nichirei) and exposure to Warp 
Red chromogen (Biocare Medical).

2.3. Quantification of TMEM119 immunoreactivity

To quantify immunolabeled areas, the images derived 
from three fields each of the frontal cortex were 
captured at a 200 X magnification on the Olympus 
BX51 universal microscope. They were then processed 
for quantification by using ImageJ software (National 
Institute of Health, Bethesda, MD, USA). The 
differences in the TMEM119-positive areas among NC, 
NHD, and AD subjects were evaluated statistically by 
one-way analysis of variance (ANOVA) followed by 
post-hoc Tukey's test.

3. Results and Discussion

By immunohistochemistry, we found that TMEM119 
was intensely expressed predominantly on ramified 
microglia located in the frontal cortex and white matter 
of NHD (Figure 1, panels A, C, E), AD and NC brains 
(Figure 2, panels A, C, F). Iba1 immunolabeling was 
always more intense when compared with that of 



www.irdrjournal.com

Intractable & Rare Diseases Research. 2019; 8(4):260-265.263

Figure 2. TMEM119 expression in the frontal cortex of NC and AD brains. (A) TMEM119, the frontal cortex, NC1, (B) Iba1, 
the same field of (A), (C) TMEM119, the frontal cortex, AD8, (D) Iba1, the same field of (C), (E) TMEM119 (brown) and Aβ (red), 
the frontal cortex, AD8, and (F) TMEM119, the frontal cortex, NC1. Scale bars indicate (A-D) 50 μm and (E, F) 20 μm.

Figure 1. TMEM119 expression in the frontal cortex of NHD brains. (A) TMEM119, the frontal cortex, NHD5, (B) Iba1, the 
same field of (A), (C) TMEM119, the frontal cortex, NHD2, (D) Iba1, the same field of (C), (E) TMEM119, the frontal cortex, 
NHD4, and (F) Iba1, the same field of (E). Scale bars indicate (A-F) 50 μm.
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expression of osteoblast marker genes (19). OBIF, 
induced by parathyroid hormone, interacts with 
several key regulators in the BMP2 signaling pathway, 
such as Smad1/5 and Runx2, to induce osteoblast 
differentiation (20). OBIF elevates the expression of 
ATF4, a transcription factor that plays a central role 
in osteoblast differentiation (21). However, at present, 
precise biological functions and endogenous ligands 
of TMEM119 and OBIF in human microglia and 
osteoblasts remain largely unknown. 
 In  conclusion,  TMEM119 is  expressed on 
homeosta t ic  microgl ia  in  NHD, AD, and NC 
brains. TMEM119-immunolabeled areas are not 
significantly different among the study population. 
TMEM119 expression on microglia might play a key 
role in steady-state brain maintenance. TMEM119 
immunohistochemistry serves as a useful tool for 
investigating the biology and pathology of human 
microglia. However, it is difficult to identify DAM solely 
by the loss of TMEM119 immunoreactivity in these 
brains.
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