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Tongue as a first-line immune organ?
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The tongue is an organ strategically situated at the beginning
of the gastrointestinal (GI) system, yet it has been remark-
ably understudied. Not only there is no separate subspe-
cialty dedicated to the tongue, it is even excluded from 27
human organs/tissues thoroughly archived in the NCBI gene
expression database. Almost none of my physician col-
leagues in Western medicine have paid attention to it, except
a few who study tongue cancer. The tongue is typically
described as a muscular organ important for taste, masti-
cation, speech and sensation. Other than its development,
anatomy/gross structural analyses and taste function (for
recent reviews, see Roper and Chaudhari, 2017), the human
tongue is poorly studied in Western medicine, in particular, in
terms of its roles in systemic diseases. In traditional Chinese
medicine (TCM), however, the tongue holds a special place.
Assessing the “tongue coating”, “tongue body” and mor-
phological features is one of the most critical skills that TCM
doctors have relied on for disease diagnoses for thousands
of years before the advent of Western Medicine.

It is well known that vertebrate tongues are rich in nerve
innervation, blood supply and lymphatic drainage.
Nonetheless, the human tongue as a sensory organ, is much
less studied in comparison with other sensory organs such
as eyes, ears or nose. The role of the tongue in systemic
diseases or immunity has been underestimated, if not
entirely overlooked. Here, I propose that the tongue serves
as a first-line immune organ and plays a critical role in
defense against various diseases. This notion is supported
by accumulating evidence, although data still remain spo-
radic and largely anecdotal. In the recent pandemic COVID-
19 outbreaks around the world, there have been prevalent
reports of losses of taste and smell in patients infected with
SARScoV2, bringing the potential involvement of the tongue
in viral infection into our focus again.

Several lines of evidence support my hypothesis that the
human tongue acts as an immune organ. First, the tongue
epithelium acts as an efficient defense barrier against vast
amounts of allergens, immunogens and pathogens. It

remains unclear how the lining of the tongue epithelium
functions in such defense, in particular, in comparison with
other epithelia, for example, intestinal or respiratory epithe-
lium. Second, immune cells are located in the tongue
epithelium in normal tongue tissues from healthy human
subjects (Gondak et al., 2012). Similarly, various types of
immune cells, ranging from antigen presenting cells, mac-
rophages, dendritic cells, mast cells and lymphocytes have
been detected in tongue epithelia of other species (Shaikh
et al., 1997; Thirion-Delalande et al., 2017). It has been
reported that Langerhans cells were frequently detected in
the tongue epithelial samples of control healthy subjects.
Interestingly, these tongue-resident dendritic cells were
depleted in patients affected by Acquired Immune Deficiency
Syndrome (AIDS) (Gondak et al., 2012). It should be noted
that a complete catalogue of different cell types present in
the human tongue is still missing and that the composition of
the resident immune cell repertoire in the human tongue
remains to be defined. Third, immune cells in the tongue
epithelia can be efficiently activated, similar to those in the
intestine (Shaikh et al., 1997; Thirion-Delalande et al., 2017).
Intriguingly, taste receptors have been reported to mediate
immune responses in respiratory epithelia (Freund et al.,
2018; Carey and Lee, 2019; references within), raising the
possibility that such taste receptors also modulate immune
responses in the tongue epithelia and in other organs or
tissues. On the other hand, receptors critical for innate
immunity may function in mediating taste responses. For
example, Toll-like receptor 4 has been shown to mediate fat,
sugar, and umami taste preference (Camandola and Matt-
son, 2017). In addition, taste receptors have been detected
in human peripheral leukocytes (Orsmark-Pietras et al.,
2013; Malki et al., 2015) and lung macrophages (Grassin-
Delyle et al., 2019). Fourth, taste bud cells and leukocytes
both express a subset of taste receptors (Roper and
Chaudhari, 2017), supporting the idea that taste receptor
ligands may play a role in mediating communication between
the tongue and other classical immune organs.

Finally, sublingual vaccination in animals, including topi-
cal application, has been demonstrated to elicit not only
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mucosal response but also systemic immune responses,
including humoral and effector T cell responses in both
rodents and primates (Cuburu et al., 2007; Czerkinsky et al.,
2011; Jones et al., 2019). Sublingual injection of a DNA-
based vaccine was shown to be as effective as intramus-
cular or intradermal injection in mice (McCluskie et al., 1999).
Recent studies have demonstrated the safety of sublingual
immunotherapy among AIDS patients (Iemoli et al., 2016). In
light of the observation that overreactive and excessive
immune and inflammatory responses may contribute to the
lethality of certain viruses, including SARScoV2 (Iemoli
et al., 2016; Cao, 2020; Park and Iwasaki, 2020), immune
modulatory nucleic acid-based vaccines, such as those
being developed for allergies (reviewed in Scheiblhofer
et al., 2018), may help in combating such lethal viruses. In
contrast to nasal administration, sublingual delivery may
have additional advantages of limiting or avoiding redirection
of antigens and/or adjuvants to the brain. Further studies are
necessary to determine which route, uptake by blood ves-
sels or by lingual mucosa, plays a major role in sublingual
immunization. Nonetheless, emerging data suggest sublin-
gual delivery as a potential route for vaccine delivery as well
as immunotherapies and warrant further systematic and
rigorous studies in humans. It is conceivable that resident
immune cells in the tongue, both innate type and adaptive
type, may communicate with other classic immune organs,
such as those inside or outside of the GI tract, by both
conventional and unidentified mechanisms.

Communication between the nervous system and
immune system has been a field of active research. The
potential crosstalk between taste and immune signaling
pathways remains an area largely unexplored. A number of
questions remain to be answered. For example, whether
taste signaling regulates immune responses by direct or
indirect mechanisms; or whether immune signaling impacts
on taste sensation.

In summary, I propose the hypothesis that the human
tongue may act as a first-line immune organ and call for
systematic and rigorous investigation to test this hypothesis
using interdisciplinary approaches. Such studies will not only
advance our understanding of fundamental mechanisms
underlying human immunity but also likely enhance our
diagnostic and therapeutic approaches to a wide range of
diseases.

ACKNOWLEDGMENTS

The author apologizes to researchers whose studies could not be

directly cited because of the space limit. The author is grateful to Dr.

Aaron Ciechanover, Dr. Lily Jan, Dr. Eric Nestler, Dr. Arnold Strauss

and Dr. Michael Young for critical reading and helpful comments and

to NIH (R01NS107396; R56AG061327; R56AG063934).

COMPLIANCE WITH ETHICS GUIDELINES

The author declares no competing interests.

OPEN ACCESS

This article is licensed under a Creative Commons Attribution 4.0

International License, which permits use, sharing, adaptation,

distribution and reproduction in any medium or format, as long as

you give appropriate credit to the original author(s) and the source,

provide a link to the Creative Commons licence, and indicate if

changes were made. The images or other third party material in this

article are included in the article's Creative Commons licence, unless

indicated otherwise in a credit line to the material. If material is not

included in the article's Creative Commons licence and your

intended use is not permitted by statutory regulation or exceeds

the permitted use, you will need to obtain permission directly from

the copyright holder. To view a copy of this licence, visit http://

creativecommons.org/licenses/by/4.0/.

REFERENCES

Camandola S, Mattson MP (2017) Toll-like receptor 4 mediates fat,

sugar, and umami taste preference and food intake and body

weight regulation. Obesity 25(7):1237–1245

Cao X (2020) COVID-19: immunopathology and its implications for

therapy. Nat Rev Immunol. https://doi.org/10.1038/s41577-020-

0308-3

Carey RM, Lee RJ (2019) Taste receptors in upper airway innate

immunity. Nutrients 11(9):2017

Cuburu N, Kweon MN, Song JH, Hervouet C, Luci C, Sun JB,

Hofman P, Holmgren J, Anjuère F, Czerkinsky C (2007) Sublin-

gual immunization induces broad-based systemic and mucosal

immune responses in mice. Vaccine 25(51):8598–8610

Czerkinsky C, Cuburu N, Kweon MN, Anjuere F, Holmgren J (2011)

Sublingual vaccination. Hum Vaccin 7(1):110–114

Freund JR, Mansfield CJ, Doghramji LJ, Adappa ND, Palmer JN,

Kennedy DW, Reed DR, Jiang P, Lee RJ (2018) Activation of

airway epithelial bitter taste receptors by Pseudomonas aerug-

inosa quinolones modulates calcium, cyclic-AMP, and nitric oxide

signaling. J Biol Chem 293(25):9824–9840

Gondak RO, Alves DB, Silva LF, Mauad T, Vargas PA (2012)

Depletion of Langerhans cells in the tongue from patients with

advanced-stage acquired immune deficiency syndrome: relation

to opportunistic infections. Histopathology 60(3):497–503

Grassin-Delyle S, Salvator H, Mantov N, Abrial C, Brollo M, Faisy C,

Naline E, Couderc LJ, Devillier P (2019) Bitter taste receptors

(TAS2Rs) in human lung macrophages: receptor expression and

inhibitory effects of TAS2R agonists. Front Physiol 10:1267

Iemoli E, Borgonovo L, Fusi A, Magni C, Ricci ED, Rizzardini G,

Piconi S (2016) Sublingual allergen immunotherapy in HIV-

positive patients. Allergy 71(3):412–415

Jones AT, Shen X, Walter KL, LaBranche CC, Wyatt LS, Tomaras

GD, Montefiori DC, Moss B, Barouch DH, Clements JD et al

(2019) HIV-1 vaccination by needle-free oral injection induces

strong mucosal immunity and protects against SHIV challenge.

Nat Commun 10(1):798

Malki A, Fiedler J, Fricke K, Ballweg I, Pfaffl MW, Krautwurst D

(2015) Class I odorant receptors, TAS1R and TAS2R taste

© The Author(s) 2021 163

P
ro
te
in

&
C
e
ll

Tongue as a first-line immune organ? COMMENTARY

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1038/s41577-020-0308-3
https://doi.org/10.1038/s41577-020-0308-3


receptors, are markers for subpopulations of circulating leuko-

cytes. J Leukoc Biol 97:533–545

McCluskie MJ, Brazolot Millan CL, Gramzinski RA, Robinson HL,

Santoro JC, Fuller JT, Widera G, Haynes JR, Purcell RH, Davis

HL (1999) Route and method of delivery of DNA vaccine

influence immune responses in mice and non-human primates.

Mol Med 5(5):287–300

Orsmark-Pietras C, James A, Konradsen JR, Nordlund B, Soderhall

C, Pulkkinen V, Daham K, Kupczyk M, Dahlén B, Kere J (2013)

Transcriptome analysis reveals upregulation of bitter taste

receptors in severe asthmatics. Eur Respir J 42:65–78

Park A, Iwasaki A (2020) Type I and Type III interferons—induction,

signaling, evasion, and application to combat COVID-19. Cell

Host Microbe 27(6):870–878

Roper SD, Chaudhari N (2017) Taste buds: cells, signals and

synapses. Nat Rev Neurosci 18(8):485–497

Scheiblhofer S, Thalhamer J, Weiss R (2018) DNA and mRNA

vaccination against allergies. Pediatr Allergy Immunol 29(7):679–688

Shaikh N, Rivera J, Hewlett BR, Stead RH, Zhu FG, Marshall JS

(1997) Mast cell Fc epsilonRI expression in the rat intestinal

mucosa and tongue is enhanced during Nippostrongylus

brasiliensis infection and can be up-regulated by in vivo admin-

istration of IgE. J Immunol 158(8):3805–3812

Thirion-Delalande C, Gervais F, Fisch C, Cuiné J, Baron-Bodo V,

Moingeon P, Mascarell L (2017) Comparative analysis of the oral

mucosae from rodents and non-rodents: application to the

nonclinical evaluation of sublingual immunotherapy products.

PLoS ONE 12(9):e0183398

164 © The Author(s) 2021

P
ro
te
in

&
C
e
ll

COMMENTARY Jane Y. Wu


	Tongue as&#146;a&#146;first-line immune organ?
	Acknowledgments
	References




