
INTRODUCTION

Many systemic diseases, including autoimmune, inflammatory, 
hematologic, and even endocrine disorders, can have oral mani-
festations [1]. While intraoral signs and symptoms alone may not 
confirm the presence of a disease, examination of any intraoral 
manifestations can be useful for assessing such conditions.

Taste buds are intraoral structures specialized for gustation [2]. 

Taste bud cells are referred to as neuroepithelial cells because, 
although they are derived from epithelium [3], they function like 
sensory neurons [4]. Taste cells respond to exogenous chemicals 
or tastants, generate action potentials [5], and interact with the pri-
mary neurons that innervate them by releasing neurotransmitter 
molecules at synapse-like structures [6]. Moreover, denervation of 
taste buds causes them to recede [7, 8], suggesting that taste buds 
are closely associated with the nervous system. 

Alzheimer’s disease (AD), the most common neurodegenerative 
disease, is characterized primarily by irreversible cognitive impair-
ments, but it is also associated with changes in appetite. It remains 
unclear whether these changes in appetite stem from peripheral 
taste bud defects or central cognitive impairments that interfere 
with the processing of taste information. Recently, several animal 
studies using genetic models for AD have examined the effects of 
AD on the structure of taste buds and on gustatory function [9, 
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10]. To date, however, no study has investigated the diagnostic po-
tential of taste buds in relation to AD, such as taste bud expression 
of AD biomarkers.

Because AD is already irreversible when diagnosed clinically, 
many groups are working to develop methods of earlier diagnosis. 
AD is characterized by the deposition of extracellular amyloid 
plaques and intracellular neurofibrillary tangles (NFTs) in the 
brain. In the amyloidogenic pathway, amyloid precursor protein 
(APP) is serially cleaved by β- and γ-secretases on the plasma 
membrane, releasing toxic amyloid beta (Aβ) isoforms [11]. 
Among these, the hydrophobic and insoluble Aβ42 isoform is par-
ticularly neurotoxic. Tau protein normally stabilizes microtubules 
in neuronal axons, while NFTs are protein aggregates composed of 
phosphorylated tau (p-tau). Aβ- and tau-related molecules serve 
as core AD biomarkers, but the current molecular diagnosis of AD 
using these biomarkers is invasive (requiring lumbar puncture) 
and/or expensive (imaging studies) [11]. Thus, approaches that 
rely on current biomarkers are insufficient for AD screening or 
follow-up. The development of novel diagnostic methods that are 
more cost-effective and non-invasive is critical.

In addition to their expression in the brain, the core AD bio-
markers are also found in the periphery [12]. In this study, we re-
port the expression of APP and tau in taste buds of normal mice in 
a cell type-specific manner and the detection of p-tau in taste buds 
of aged AD mouse models.

MATERIALS AND METHODS

Mice

Animals were treated and maintained under the approval of and 
in accordance with the standards of the Institutional Animal Care 
and Use Committee of Seoul National University (SNU-200704-2). 
C57BL/6 mice were purchased from KOATECH (Korea). Three 
ADLP mouse models were used in this study. ADLPAPP/PS1 mice 
(5xFAD mice, JAX #006554); ADLPTau mice (TauP301L-JNPL3 
homozygote; Taconic #2508) backcrossed with B6SJL (C57BL/6 
X SJL); ADLPAPT mice that were produced by crossing ADLPAPP/PS1 
mice and ADLPTau mice [13]. All the ADLP mice used for IHC ex-
periments in this study were 14~16-month-old females. The mice 
were housed at a controlled temperature under a 12-hour light-
dark cycle with free access to a standard chow and water.

Immunohistochemistry (IHC)

Mice were perfused with 0.1 M phosphate-buffered saline (PBS). 
Harvested tongues were post-fixed with 4% paraformaldehyde in 
PBS, dehydrated in 30% sucrose in PBS, and embedded in Tissue-
Tek OCT compound (Sakura Finetek, Japan). Samples were coro-

nally cut into at 14 μm. For FuP, free-floating sections were col-
lected. For foliate papillae (FoP) and circumvallate papilla (CVP), 
the tissue sections were mounted directly onto slide glass. All the 
sections were blocked in 5% goat serum or donkey serum in PBS 
containing 0.3% Triton X-100 (PBST). Samples were incubated 
in primary antibodies diluted in blocking buffer. In next day, the 
samples were incubated with secondary antibodies in PBST for 2 
hours at room temperature. DAPI (1:5,000; D9542, Sigma) stain-
ing was performed after washes. Free-floated fungiform papillae 
(FuP) sections were mounted on slide glass after staining. All the 
samples were covered with Vectashield (Vector Laboratories, CA) 
and a cover glass. Antibodies information is available in Table 1. 
Images were acquired with an LSM800 confocal microscope (Zeiss, 
Germany).

Immunofluorescent (IF) signal quantification

For APP, tau and p-tau staining, all the samples for AD mouse 
models were stained simultaneously under identical conditions 
and their IF signals were acquired with identical microscope set-
tings to facilitate comparisons. Taste buds and surrounding epi-
thelial cells were distinguished based on the shape and alignment 
direction of DAPI-stained nuclei. Cell type-specific expression of 
AD biomarkers was assessed by their co-localization with Trpm5 
or Car4 signals or their circumscription by NTPDase2 signals. 
Based on this criterion, we established the region of interest for 
subsequent quantitative measurement of the IF intensity using 
Image J software.

Statistical analyses

Data in graphs were presented as violin plots with raw values. 
Statistical differences between groups were analyzed using one-
way analysis of variance (ANOVA) with Bonferroni’s multiple 
comparisons for post-hoc analysis or Kruskal Wallis test with 
Dunn-Bonferroni correction for post-hoc analysis. 

RESULTS

APP and p-tau proteins are expressed in taste buds

Considering that the core biomarkers of AD, APP and tau pro-
tein, are primarily produced by neurons, and that taste buds con-
tain cells that exhibit neuron-like features, we asked whether APP 
and tau are expressed in taste buds. Using an antibody against APP 
(6E10) in 8-week-old C57BL/6 mice, we performed an IHC exper-
iment and found immunoreactivity (IR) in the taste buds of FuP 
(Fig. 1A′), FoP (Fig. 1A″), and CVP (Fig. 1A‴). Similarly, using an 
antibody against tau (Tau13), we found IR in the taste buds of FuP 
(Fig. 1B′), FoP (Fig. 1B″), and CVP (Fig. 1B‴). As most mouse-
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Table 1. Primary and secondary antibodies used in this study

Target Source Cat# Dilution

Primary antibodies
Biotin-labeled 6E10 BioLegend #803007 1:200
Tau13 Abcam ab19030 1:200
AT8, Ser202/Thr205 Thermo fisher Scientific MN1020 1:200
AT180, Thr231/Ser235 Thermo fisher Scientific MN1040 1:200
Anti-NTPDase II CHUQ mN2-36LI6 1:1,000
Anti-Trpm5 In house N/A 1:500
Anti-Car4 R&D Systems AF2414 1:1,000

Secondary antibodies
Goat anti-Rabbit IgG (H+L) Highly Cross-Adsorbed Secondary Antibody, Alexa 

FluorTM Plus 488
Thermo fisher Scientific A32731 1:1,000

Goat anti-Guinea Pig IgG (H+L) Highly Cross-Adsorbed Secondary Antibody, 
Alexa FluorTM 488

Thermo fisher Scientific A11073 1:1,000

Goat anti-Mouse IgG (H+L) Highly Cross-Adsorbed Secondary Antibody, Al-
exa FluorTM Plus 555

Thermo fisher Scientific A32727 1:1,000

Goat anti-Rabbit IgG (Heavy chain), SuperclonalTM Recombinant Secondary 
Antibody, Alexa FluorTM 647

Thermo fisher Scientific A27040 1:1,000

Donkey anti-Mouse IgG (H+L) Highly Cross-Adsorbed Secondary Antibody, 
Alexa FluorTM 488

Thermo fisher Scientific A21202 1:1,000

Donkey anti-Goat IgG (H+L) Highly Cross-Adsorbed Secondary Antibody, Al-
exa FluorTM Plus 555

Thermo fisher Scientific A32816 1:1,000
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Fig. 1. Detection of amyloid precursor protein (APP) and phosphorylated tau (p-tau) in taste buds. Representative confocal images of 6E10-immuno-
reactivity (IR) (A), Tau13-IR (B), AT8-IR (C), and AT180-IR (D) in fungiform (FuP) (A′~D′), folate (FoP) (A″~D″), and circumvallate papillae (CVP) 
(A‴~D‴) of 8-week-old C57BL/6 mice. Yellow dashed lines demarcate the epithelial boundaries. Immunofluorescent (IF) signals (red) and DAPI (white). 
Scale bars=50 μm.
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derived monoclonal antibodies induce autofluorescence in lingual 
stromal areas but not in the epithelial layers (data not shown), this 
study only accounts for epithelial IR. Additionally, it is important 
to mention that the 6E10 antibody does not distinguish APP from 
Aβ1-16 [14]. Given that the positive signals were detected in intra-
cellular parts, we considered that they might be derived from APP 
rather Aβ1-16.

As tau phosphorylation is widely regarded as a pathological 
hallmark of AD brains, we next asked whether tau proteins in taste 
buds also undergo phosphorylation. In 8-week-old C57BL/6 mice, 
we conducted an IHC using two independent antibodies, AT8 
(pS202/T205) and AT180 (pT231/S235). These antibodies specifi-
cally recognize p-tau associated with the pre-tangle stage of AD 
progression [15, 16] and offer the advantage of specificity, as they 
do not cross-react with unphosphorylated forms of tau [17, 18]. 
Similar to Tau13-IR, we also detected AT8-IR and AT180-IR in 
the intragemmal cells of FuP (Fig. 1C′, D′), FoP (Fig. 1C″, D″), and 
CVP (Fig. 1C‴, D‴). These data confirm that intragemmal tau 
proteins can be phosphorylated, which may implicate them in AD 
pathology.

Cell-type specific expression of APP and p-tau in taste buds

To identify the cell types that express APP and/or p-tau in taste 
buds, we conducted a double IHC using 6E10 or AT180 with 
several intragemmal cell markers: NTPdase2 for type I taste cells; 
Trpm5 for type II taste cells; and Car4 for type III taste cells. We 
found 6E10-IR in type I taste cells (Fig. 2A), and around two-
thirds of the type II taste cells (Fig. 2B), but not in type III taste cells 
(Fig. 2C). This cell type specificity did not depend on papilla type. 
Meanwhile, for p-tau, we observed AT180-IR in both type II (Fig. 
2E′) and type III taste cells (Fig. 2F′) in FuP, but not in type I taste 
cells (Fig. 2D′). In CVP, we detected AT180-IR only in type II taste 
cells (Fig. 2E″). These data indicate that the AD-related proteins 
are expressed in a cell-type specific manner in taste buds.

Phosphorylated-tau is highly expressed in the taste buds of 

AD mouse models

Considering their expression in taste buds, we next asked wheth-
er APP and p-tau expression are elevated in mouse models of AD-
like pathology (ADLP). We evaluated 14~16-month-old ADLPAPP/

PS1 (amyloidopathy model), ADLPTau (tauopathy model), and 
ADLPAPT (combined amyloidopathy and tauopathy model) mice 
with age-matched littermate controls [13]. Using the same im-
age acquisition settings, we found increased AT8-IR and AT180-
IR in the CVP of all AD mouse models with tauopathy (ADLPTau 
and ADLPAPT) compared to controls (Fig. 3, Table 2, 3). ADLPAPT 
mice showed higher AT8-IR and AT180-IR compared to ADLPTau. 

Compared to CVP, the overall intergroup difference in FuP was 
blunted (Fig. 4, Table 4, 5), which may be due to the relatively small 
number of taste buds. Nevertheless, similar increase in AT8-IR 
was prominent in the FuP of all AD mouse models compared to 
controls. In both CVP and FuP, ADLPAPT showed higher AT8-IR 
compared to all the other groups, while their intergroup differ-
ence in AT180-IR or 6E10 was relatively blunted. Interestingly, 
intragemmal cells of ADLPAPP/PS1 mice exhibited no increase in 
6E10-IR compared to those of controls, suggesting that the dif-
ferential expression of these markers in taste buds reflects AD-like 
features rather than merely originating from genetic manipulation. 

Taste tissues in AD mouse models show intact histologic 

architecture

 To determine whether APP and p-tau in intragemmal cells af-
fect the histological integrity of taste cells in AD mouse models, 
we performed an IHC with taste cell type-specific markers (Fig. 
5). We found similar numbers of taste buds and similar taste cell 
composition in AD mouse models compared to age-matched 
control mice (Fig. 5A-D). This suggests that although we did detect 
AD-related markers in the taste buds of the AD models, taste bud 
architecture remained intact. 

DISCUSSION

This study aimed to investigate the detection of core AD bio-
markers in taste buds, which are neuroepithelial cells outside the 
brain. We discovered cell-type specific expression of APP, tau 
protein, and p-tau protein in taste buds. When we examined the 
expression of APP and p-tau in AD mouse models, we found their 
taste cells showed stronger expression than age-matched controls. 
This study represents the first report of APP and tau protein ex-
pression in the taste buds. 

Although APP and tau protein have been primarily studied in 
AD brain tissues, there is evidence for their peripheral expression 
outside the brain [12, 19, 20]. According to the Human Protein 
Atlas (proteinatlas.org; accessed in November 2023) [21], micro-
tubule associated protein tau (MAPT) transcripts are expressed at 
higher levels in the human tongue than any other peripheral organ 
except skeletal muscle. Interestingly, APP expression levels in the 
tongue are moderate. In mice, App RNA is weakly detectable on 
embryonic day 14.5 using in situ hybridization, as reported by the 
Mouse Genome Database at Mouse Genome Informatics (www.
informatics.jax.org; accessed in November 2023) [22]. The spatial 
distribution of APP’s expression, however, does not align with the 
location of taste buds. Currently, there are no available data for 
the expression of Mapt RNA in mouse tongue. To the best of our 
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Fig. 2. Localization of APP and p-tau in taste cells. (A~C) Double fluorescent images of FuP (A′~C′) and CVP (A″~C″) showing 6E10-IR (red) with 
cell-type specific markers (green). (D~F) Double fluorescent images of FuP (D′~F′) and CVP (D″~F″) showing AT180-IR (red) with cell-type specific 
markers (green). Anti- NTPdase2 for type I cells (A, D), anti-Trpm5 for type II cells (B, E), or anti-Car4 for type III cells (C, F). Blue arrowheads indicate 
colocalization. Scale bars=50 μm. Ratio of IR-positive (yellow bars) and IR-negative cells (gray bars) among type II and type III taste cells were indicated 
under the tissue images.
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Fig. 3. Comparison of APP and p-tau in CVP of Alzheimer’s disease (AD) mouse models. Representative images of Tau13-IR (A), 6E10-IR (B), AT8-IR 
(C), and AT180-IR (D) in control, ADLPTau, ADLPAPP/PS1, and ADLPAPT mice. Yellow dashed lines demarcate the outer boundaries of taste buds. IF signals 
(red) and DAPI (white). Scale bars=50 μm. (E) Intensity quantification for Tau13-IR, 6E10-IR, AT8-IR, and AT180-IR in AD mouse models. *p<0.05, 
***p<0.005. Detailed statistical information is available in Tables 2, 3.
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knowledge, no studies have investigated tau expression in the taste 
buds of mice or humans.

Under physiological conditions, the positively charged tau pro-
tein plays a crucial role in stabilizing neuronal microtubules, which 
are negatively charged. During AD pathogenesis, however, tau 
undergoes hyperphosphorylation, reducing its charge and causing 
detachment from microtubules [23], typically triggering the onset 

of tauopathy. There are far fewer studies investigating p-tau in 
non-neuronal cells of organs outside the brain than studies in the 
brain. Two potential mechanisms can explain the appearance of 
p-tau in peripheral organs: either tau is phosphorylated directly in 
the periphery or p-tau is transmitted into the periphery along neu-
rons from its origin in an aging brain. The former possibility aligns 
with the premise of the Braak hypothesis, which suggests periph-

Table 3. The information for inferential statistics corresponding to Fig. 3. To test for statistical significance, one-way ANOVA with Bonferroni post-hoc 
analysis was used for the fluorescent intensity values

Antibody
One-way ANOVA

Groups tested
Bonferroni’s multiple 

comparison

df F value p value p-value

Tau13 3 116.645193 <0.0001 Control vs ADLPTau 0.0008
Control vs ADLPAPP/PS1 1.000
Control vs ADLPAPT <0.0001
ADLPTau vs ADLPAPP/PS1 0.0133
ADLPTau vs ADLPAPT <0.0001
ADLPAPP/PS1 vs ADLPAPT <0.0001

6E10 3 38.886514 <0.0001 Control vs ADLPTau 1.0000
Control vs ADLPAPP/PS1 0.0028
Control vs ADLPAPT <0.0001
ADLPTau vs ADLPAPP/PS1 0.0031
ADLPTau vs ADLPAPT <0.0001
ADLPAPP/PS1 vs ADLPAPT <0.0001

AT8 3 82.156094 <0.0001 Control vs ADLPTau <0.0001
Control vs ADLPAPP/PS1 0.2168
Control vs ADLPAPT <0.0001
ADLPTau vs ADLPAPP/PS1 <0.0001
ADLPTau vs ADLPAPT <0.0001
ADLPAPP/PS1 vs ADLPAPT <0.0001

AT180 3 24.258543 <0.0001 Control vs ADLPTau <0.0001
Control vs ADLPAPP/PS1 0.1861
Control vs ADLPAPT <0.0001
ADLPTau vs ADLPAPP/PS1 <0.0001
ADLPTau vs ADLPAPT 0.0498
ADLPAPP/PS1 vs ADLPAPT <0.0001

Table 2. The information for descriptive statistics corresponding to Fig. 3

Antibody Genotype
Numbers

Mean Std. Dev. Std. Error
Mice Taste buds

Tau13 Control 3 42 10.4064 1.7369 0.2680
ADLPTau 46 15.5456 5.6016 0.8259
ADLPAPP/PS1 46 11.5615 4.7526 0.7007
ADLPAPT 72 29.0075 8.5009 1.0018

6E10 Control 3 63 20.9688 7.5910 0.9564
ADLPTau 60 21.0004 8.2966 1.0711
ADLPAPP/PS1 58 13.2007 9.9949 1.3124
ADLPAPT 65 35.8945 18.4041 2.2827

AT8 Control 4 63 10.3767 2.7882 0.3513
ADLPTau 106 16.6794 5.3498 0.5196
ADLPAPP/PS1 82 12.5419 4.7330 0.5227
ADLPAPT 66 25.7645 10.0019 1.2311

AT180 Control 3 67 21.7462 9.5964 1.1724
ADLPTau 69 28.0023 7.7643 0.9347
ADLPAPP/PS1 37 17.7461 7.2977 1.1997
ADLPAPT 46 32.5635 10.8534 1.6002
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Fig. 4. Comparison of APP and p-tau in FuP of AD mouse models. Representative images of Tau13-IR (A), 6E10-IR (B), AT8-IR (C), and AT180-IR (D) 
in control, ADLPTau, ADLPAPP/PS1, and ADLPAPT mice. Yellow dashed lines demarcate the outer boundaries of taste buds. Immunofluorescent signals (red) 
and DAPI staining (white). Representative images were selected from 3~4 mice per group. Scale bars=50 μm. (E) Intensity quantification for Tau13-IR, 
6E10-IR, AT8-IR, and AT180-IR in AD mouse models. *p<0.05, ***p<0.005. Detailed statistical information is available in Tables 4, 5.
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eral-to-brain transmission based on the observation of p-tau in 
the olfactory structures of AD patients [24, 25]. The detection of 
p-tau in the taste buds of normal mice in this study also suggests 
endogenous tau protein in taste buds can be phosphorylated. 
Conversely, because type II and III taste cells are closely connected 
to primary gustatory neurons, it will be important to determine 
whether intragemmal p-tau is delivered to the brain where it could 

contribute to AD pathology.
The finding that p-tau and APP are expressed in taste buds in a 

cell type-specific manner was one of interesting findings of this 
study. We observed p-tau expression primarily in type II and III 
taste cells, which both harbor neuron-like features [7]. This is con-
sistent with the typical expression of tau in neurons rather than 
astrocytes or microglia [26]. Although recent studies documented 

Table 4. The information for descriptive statistics corresponding to Fig. 4

Antibody Genotype
Numbers

Mean Std. Dev. Std. Error
Mice Taste buds

Tau13 Control 3 11 13.5288 7.0815 2.1351
ADLPTau 6 16.3333 9.5543 3.9005
ADLPAPP/PS1 6 17.3395 8.6929 3.5489
ADLPAPT 8 18.4625 9.1140 1.6370

6E10 Control 3 6 11.5759 3.6108 1.4741
ADLPTau 7 18.8884 4.4876 1.6961
ADLPAPP/PS1 8 16.4752 3.8757 1.3703
ADLPAPT 7 20.1139 6.6599 2.5172

AT8 Control 4 12 10.6253 2.1794 0.6291
ADLPTau 28 24.4197 6.7144 1.2689
ADLPAPP/PS1 8 21.9760 3.1899 1.1278
ADLPAPT 12 30.7265 8.8399 2.5519

AT180 Control 4 20 8.7167 5.0010 1.1183
ADLPTau 19 18.8858 10.1192 2.3215
ADLPAPP/PS1 16 13.0155 5.4016 1.3504
ADLPAPT 12 20.6610 8.4420 2.4370

Table 5. The information for inferential statistics corresponding to Fig. 4. To test for statistical significance, Kruskal Wallis test by Dunn-Bonferroni cor-
rection was used for the fluorescent intensity values

Antibody
Kruskal-Wallis Test

Groups tested
Bonferroni’s multiple 

comparison

Test statistic df p value p-value

Tau13 12.343 3 0.006 Control vs ADLPTau 1.000
Control vs ADLPAPP/PS1 1.000
Control vs ADLPAPT 0.004
ADLPTau vs ADLPAPP/PS1 1.000
ADLPTau vs ADLPAPT 0.1908
ADLPAPP/PS1 vs ADLPAPT 0.1231

6E10 8.610 3 0.035 Control vs ADLPTau 0.0856
Control vs ADLPAPP/PS1 0.5482
Control vs ADLPAPT 0.0465
ADLPTau vs ADLPAPP/PS1 1.000
ADLPTau vs ADLPAPT 1.000
ADLPAPP/PS1 vs ADLPAPT 1.000

AT8 32.529 3 <0.0001 Control vs ADLPTau <0.0001
Control vs ADLPAPP/PS1 0.0272
Control vs ADLPAPT <0.0001
ADLPTau vs ADLPAPP/PS1 1.000
ADLPTau vs ADLPAPT 0.0305
ADLPAPP/PS1 vs ADLPAPT 0.2650

AT180 19.059 3 <0.0001 Control vs ADLPTau 0.0029
Control vs ADLPAPP/PS1 0.3574
Control vs ADLPAPT 0.0007
ADLPTau vs ADLPAPP/PS1 0.9241
ADLPTau vs ADLPAPT 1.000
ADLPAPP/PS1 vs ADLPAPT 0.2611
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the transmission of tau pathology from neurons to glial cells such 
as astrocytes [27], taste cells are unlikely to experience enough 
tau aggregation to enable intercellular transmission due to their 
frequent turnover. We found expression of APP, however, in type I 
taste cells, which function similar to glial cells. Since APP expres-

sion in the brain is rich in neurons and peaks during synaptogen-
esis, it is difficult to interpret the expression of APP in taste buds. 
Future research on the gene expression profiling of each taste cell 
type using single cell sequencing methods may provide valuable 
insights into this phenomenon. 
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Fig. 5. Intact histologic architecture of the CVP in AD mouse models. (A) Representative merged and split confocal images showing the expression of 
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The increased expression of p-tau in the taste buds of various 
AD mouse models supports the potential utility of the oral mu-
cosa as a biomarker for AD. Particularly noteworthy is the finding 
that ADLPAPT mice exhibited higher levels of AT8-IR and AT180-
IR than ADLPTau mice, which is consistent with the previous re-
port that ADLPAPT mice displayed more severe NFT pathology in 
the hippocampus than ADLPTau mice [13]. Interestingly, ADLPAPT 
mice also exhibited higher levels of 6E10-IR than any other group 
in CVP, although even ADLPAPP/PS1 mice showed no increase in 
6E10-IR compared to control mice. This finding raises the ques-
tion of whether p-tau can reciprocally increase APP, which needs 
further evaluation.

Recently, several groups investigated whether the appetite altera-
tions of AD patients result from structural or functional changes 
in the gustatory system. Using different genetic AD models, two 
independent studies reported that the taste sensitivity of amy-
loidopathic mice was unaffected, even in late stages [9, 28]. This 
suggests AD appetite alterations may be due to defective taste in-
formation processing in the brain, rather than defective peripheral 
taste detection. Consistent with this, we were unable to observe 
any differences in the composition of mature intragemmal cells 
in either amyloidopathy or tauopathy mouse models. We propose 
two potential explanations for the preserved integrity of taste 
buds in AD mouse models. First, the average life span of a taste 
cell is very short, ranging from 3~21 days, whereas most brain 
neurons survive throughout the life of the organism [29, 30]. This 
suggests taste bud cells may be recycled before they succumb to 
tau aggregate-induced cytotoxicity. Alternatively, a lack of axon-
like structures may dampen the toxic effects of tau aggregation in 
taste bud cells because tau aggregate-induced neurotoxicity arises 
mainly from the disassembly of axonal microtubules.

Through this work, intraoral specimens have emerged as prom-
ising options for AD diagnosis because they are non-invasive and 
cost-effective. Salivary Aβ42 and p-tau have been proposed as di-
agnostic indicators for AD, but currently, the correlations between 
salivary biomarkers and the various stages of AD progression, 
as identified through cerebrospinal fluid (CSF) analysis or brain 
imaging, still seem controversial [31-36]. Indeed, oral epithelial 
cells have also been suggested as specimens for AD diagnosis. Tau 
expression was higher in the exfoliated oral epithelial cells of AD 
patients than in patients with vascular dementia or in healthy 
controls [37]. Moreover, the authors of that study also suggested a 
positive correlation between tau levels in the oral epithelium and 
CSF. Another study demonstrated an increased proportion of oral 
mucosal cells expressing p-tau (pS202) in patients with severe 
cognitive impairment compared to those with mild cognitive 
impairment and controls [38]. But these cells are unlikely to share 

neuron-like features. We therefore hope that taste cells, we suggest, 
will be more compatible and relevant peripheral specimens for AD 
diagnosis and prognosis.

We acknowledge several limitations of this study. First, this study 
only presents the expression of APP and p-tau in the taste buds 
of mice at a specific age; an investigation of the age-dependent 
expression may provide further insights. Second, we utilized AD 
mouse models that replicate familial AD in humans. Since the 
majority of AD cases are sporadic, it is important to determine 
whether higher p-tau levels can be detected in the taste buds of 
AD animal models that mimic sporadic AD in humans [39]. Fur-
thermore, a study of postmortem or fresh human taste buds may 
be required to uncover any correlation between p-tau expression 
and disease severity. Last, clinical measurements of p-tau levels in 
taste buds may require the development of novel, non-invasive 
techniques. Considering the superficial location of taste buds, 
fluorescent probes for imaging p-tau can be tested [40].

In conclusion, our study provides evidence of the presence of AD 
biomarkers, particularly p-tau, in the taste buds of AD model mice. 
This suggests lingual tissues may serve as a new peripheral speci-
men for surrogate markers of AD, whose discovery holds potential 
for the development of non-invasive diagnostic tools for AD.
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