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Abstract: Taste loss is one of the debilitating complications in radiation-induced oral mucositis (RIOM), as occurs
in head and neck cancer patients undergoing radiotherapy. We report here a radio-mitigation effect of Sirtuin 1
(SIRT1) inhibitors in taste bud organoids and a mouse model of radiation-induced taste bud injury. The organoids,
developed from circumvallate (CV) papilla, were irradiated with single dose of X-rays and inhibitors of SIRT1 or SIRT2
were added 24 h later. The survival was evaluated by measuring the number and size of regenerated organoids after
irradiation (IR). Oral mucositis (OM) was induced by IR of the oral region of Lgr5-lacZ transgenic mice. The surviving
Lgr5+ taste bud stem cells were identified after lacZ-staining and the mucosal ulceration on tongue dorsal surface
was determined by histological methods. Results showed that SIRT1 inhibitors (nicotinamide, EX527, salermide and
sirtinol), but not SIRT2 inhibitors, significantly improve taste bud organoid survival after IR. Remarkably, administra-
tion of nicotinamide (NAM), a recognized inhibitor of SIRT1 to mice 24 h after IR promotes the survival of Lgr5+ taste
bud stem cells, resulting in alleviated tongue mucositis. In conclusion, SIRT1 inhibitors promote Lgr5+ taste bud
stem cell survival and mitigate RIOM in mice. These observations have important implications for efforts to develop

therapeutic strategies against taste dysfunction and mucosal ulceration in RIOM.
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Introduction

Taste bud injury is one of the major complica-
tions in radiation-induced oral mucositis (RI-
OM), as occurs in radiotherapy of head and
neck cancers [1-4]. Taste loss or dysfunction,
and severe mucosal lesions, disturbs oral in-
take after irradiation (IR) due to anorexia and
swallowing pain [5]. These, combined with
other oral dysfunctions (xerostomia, mucositis)
may lead to more serious problems due to inter-
ruption of cancer therapy, and septic compli-
cation [6]. Despite its frequency, severity and
symptomatic and economic impact, there is no
effective intervention for oral mucositis (OM)
induced by chemotherapeutic or radiotherapy
[6]. At present, several possible therapies that
are based on mechanism-defined strategies
are undergoing evaluation as potential inter-

ventions, such as amifostine, N-acetylcysteine
and melatonin, in prevention and/or manage-
ment of RIOM [6, 7]. The only approved treat-
ment for mucositis thus far is palifermin (Ke-
pivance), and its application is limited to muco-
sitis in patients undergoing conditioning regi-
mens prior to hematopoietic stem cell trans-
plant [8].

The taste buds are located in the epithelial
structures known as lingual papillae found
mostly on the dorsal surface of tongue. Three
types of taste papillae are present among the
most numerous non-taste filiform papillae, of
which fungiform papillae (FFP) sit in the anterior
two-thirds part, foliate taste papillae (FolP) and
circumvallate papillae (CVP) sit in the posterior
region [9]. Cells in taste bud are modified epi-
thelial cells and continually renewed from lin-
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gual progenitors or stem cells [10-13]. A stem
cell population marked by Lgr5 (leucine-rich-
repeat containing G-protein coupled receptor
5) is identified in mice, which give rise to the
taste cell types and non-taste epithelial cells in
the posterior region of dorsal surface including
circumvallate papillae [14, 15]. While Lgr6+
stem cells supply epithelial cells in the anterior
part including FFP [16]. Based on advances in
culture technology of gastrointestinal stem
cells, lingual organoids have been developed in
vitro from isolated Lgr5+ or Lgr6+ lingual stem
cells [16, 17].

The protein product of the gene SIRT1, human
homolog of the S.cerevisiae Sir2 protein, and
mainly act as a NAD-dependent deacetylase
[18]. Through deacetylation, SIRT1 modifies the
activities of a variety of target proteins that con-
tribute to oxidative response, cell cycle control.
Accumulating evidence shows that SIRT1 has
been involved in the response to DNA damage,
binds and deacetylates the p53 protein, modifi-
cation of which has been implicated in the acti-
vation of p53 after IR [19, 20]. These data led
us to speculate that SIRT1 inhibitors might also
be able to mitigate the radiation-induced oral
mucosal toxicity.

Adult tissue stem cells are responsible for ma-
intenance of tissue homeostasis and play a
vital role in tissue regeneration after injury.
Following continued apoptosis of dying cells,
the temporary or permanently disruption in the
supply of new cells from reduced or impaired
taste bud stem cells leads to taste loss and
mucosal ulceration in the irradiated epithelia
[21]. Taste bud organoid culture system allows
us to study these cells long-term in vitro. In
order to explore the effect of SIRT1 inhibition
on the survival of Lgr5+ taste bud stem cell
after IR, the Lgr5-lacZ transgenic mice were
used. The role of SIRT1 inhibition on regenera-
tion capability of taste bud stem cells and heal-
ing of oral mucositis were evaluated.

Materials and methods
Mice

Lgr5-lacZ mice, a kind gift from Dr. Hans Cle-
vers (Hubrecht Institute, Utrecht, Netherlands)
which carrying lacZ gene integrated into the
last exon of the Lgr5 gene, were genotyped and
used as described [22]. C57BL/6J mice were
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provided by Shanghai Model Organisms Cen-
ter, Inc. All mice used in this study were 8-10
weeks of age, and of both sexes. Mice were
maintained in a specific pathogen-free (SPF)
facility and exposed to a 12 h/12 h light/dark
cycle. All animal protocols were approved by
the Shanghai Medical College Fudan Univer-
sity Animal Care and Use Committee.

Organoid culture, X-ray exposure and treat-
ment

Circumvallate (CV) papillae tissues were isolat-
ed from mouse tongue using a recommended
protocol as previously described [23]. Briefly,
the CV tissue in posterior tongue was isolated
under an anatomic microscope and minced
into tiny fragments in the sterile dish on ice.
Then tissue fragments were subjected to enzy-
matic digestion in 8 mL digestion medium con-
taining with 500 U/mL collagenase IV (C9407,
Sigma-aldrich), 1.5 mg/mL collagenase Il (C81-
150, Solarbio), 20 ug/mL hyaluronidase (h80-
30, Solarbio) and 0.1 mg/mL dispase typell
(D4693, Sigma-aldrich) for 30-40 min at 37°C.
After vortexing, suspension was passed throu-
gh 70-mm cell strainer (352350, BD bioscienc-
es) and then centrifuged at 200 g for 5 min-
utes. The pellets of cell were suspended and
embedded in Matrigel (BD biosciences) and
incubated in advanced DMEM/F12 medium
supplemented with 1 x GlutaMax (35050061,
Gibco™), 10 mM HEPES (15630080, Gibco™),
penicillin/streptomycin (15140122, Gibco™), 1
x N2 (17502, Invitrogen), 1 x B27 (17504, Invi-
trogen), 1 x n-Acetylcysteine (A9165, Sigma-
aldrich), 500 ng/mL R-spondin-conditioned
media (11083-HNAS, Sino Biological Inc), 50
ng/mL EGF (50482-MNCH, Sino Biological Inc)
and 100 ng/mL Noggin (50688-M02H, Sino
Biological Inc). Culture medium was refreshed
every 3 days. The developed organoids were
monitored and imaged under microscopy (Vert.
A1, Zeiss).

The organoids cultured for 3-5 days were irra-
diated with single dose of 6 Gy or 8 Gy X-ray
at a dose rate of 246 cGy/min (produced by
X-Rad 320 with 0.25 mm Cu filtration). SIRT1
inhibitors: 10 mM Nicotinamide (NAM) (NO636,
Sigma-aldrich), 10 uM EX527 (S1541, Selleck),
50 uyM Sirtinol (52804, Selleck) and 50 uM
Salermide (S8460, Selleck) or SIRT2 inhibi-
tors: 50 yuM AGK2 (S7577, Selleck) and 50 uM
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SirReal2 (S7845, Selleck) were used respec-
tively 24 h later. Images of surviving organoid
were obtained under microscopy (Vert.Al,
Zeiss) at day 10 after IR. The size of alive or-
ganoids was measured using Image-Pro Plus
(Version 6.0, Media Cybernetics, Inc.).

5-ethynyl-2’-deoxyuridine (EdU) incorporation
assay

Cell proliferation in organoids was determined
using 5-ethynyl-2’-deoxyuridine (EdU) incorpo-
ration into DNA as described [24]. The organ-
oids were incubated in 10 uM EdU solution in
culture medium for 30 min at 37°C. EdU was
detected with the Click-iT® EdU cell prolifera-
tion kit (Thermos, C10337) according to manu-
facturer’s instruction.

Radiation-induced oral mucositis

The oral region of mouse were irradiated by
250 kVp X-rays at a dose rate of 246 cGy/min
(produced by X-Rad 320 with 0.25 mm Cu filtra-
tion) under anesthesia in a tray according previ-
ous reports [25]. During IR, the remaining body
of the animal (below neck) was protected by a
5 mme-thick lead shield. 24 h later, the mice
were injected intraperitoneally with a reference
dose 1000 mg/kg NAM [26] or same volume of
phosphate buffer saline (PBS).

Toluidine blue (TB) staining and histological
study

Mice were euthanized 10 days after IR, and the
whole tongue were dissected completely and
immediately fixed for 12 h in ice-cold 4% para-
formaldehyde in PBS at 4°C. After washed with
PBS, the samples were then stained for 1-2
min in 1% toluidine blue (TB) in 10% acetic acid
according to previous reports [25, 27]. After vig-
orous washing until no more dye could be re-
moved from the tissue, the mucosal lesions
with ulcer (TB stained area) at the dorsal sur-
face of tongue were photographed and quali-
fied by Image-Pro Plus.

Tissue was then dissected longitudinally in the
median plane to divide the ulcer into identical
halves for paraffin embedding. 5 ym sections
were made and hematoxylin-eosin (H&E) stain-
ing was performed. The injury of epithelia was
evaluated by epithelium height based on the
microscopic images (Imager M2, Zeiss).
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B-galactosidase (LacZ) staining

For tracing the stem cells in circumvallate papil-
lae of tongue, Lgr5-lacZ mice were used and
B--galactosidase (LacZ) staining was performed
with modified method as described [28]. Brief-
ly, the tongue tissue was immediately fixed for
2 h in a 20-fold volume of ice-cold fixative (1%
formaldehyde, 0.2% gluteraldehyde and 0.02%
NP40 in PBS) at 4°C. Fixative was removed and
samples were washed twice in PBS for 20 min
at room temperature. X-gal solution (6 mM
potassium ferrocyanide, 6 mM potassium ferri-
cyanide, 2 mM MgCIQ, 0.02% NP40, 0.01% sodi-
um deoxycholate, and 1 mg/ml X-gal in PBS)
was then added and tissues incubated in the
dark overnight at room temperature. Tissues
were then washed with PBS and fixed overnight
in a 20-fold volume of 4% paraformaldehyde in
PBS at 4°C in the dark for paraffin process. 5
gm sections were made and counter staining
with nuclear fast red was performed.

Statistical analysis

The data are presented as the mean + stan-
dard deviation (SD). GraphPad Prism software
(version 5.0) was used for statistical analysis.
Statistical significance was determined using
unpaired Student’s T-test (in Figures 3, 5-7), or
one-way ANOVA with Dunnett’'s multiple com-
parison post-hoc test (in Figures 2 and 4).
P<0.05 was considered significant.

Results

Establishment of a taste bud organoid model
of radiation-induced lingual epithelial cell dam-
age

Lgr5 expressing cells have recently been shown
to reside in taste tissue of the posterior tongue
and give rise to new mature taste bud epithe-
lial cells during the normal cycles of growth.
However, the role of Lgr5+ stem cells during
the regeneration of taste buds after injury re-
mains poorly elucidated. In order to verify the
Lgr5 expression in CV papilla tissue, we used
Lgr5-lacZ transgenic mice, commonly used to
mark Lgr5+ cells, because lacZ gene is inte-
grated into the last exon of the Lgr5 allele.
The fidelity of the Lgr5-lacZ knock-in reporter
has been validated in multiple tissues [29]. As
shown in Figure 1A and 1B, LacZ positive cells
were detected at the trench area and the base
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Figure 1. Establishment of a taste bud organoid model of radiation-induced lingual epithelial cell damage. (A) The
macroscopic images of B-galactosidase-stained area (blue) in CV papilla of posterior tongue, and (B) the micro-

scopic images of B-galactosidase stained stem cells.

LacZ+ stem cells are visible at the base of the taste buds in CV

papilla tissue. (C) Development of taste bud organoids in 3D cultures on days 1, 4, 7 and 10, and (D) LacZ staining.

(E) radiation-induced damage of taste bud organoids,

are means * SD (n=4). Scale bar 100 um.

of the taste buds in CV papilla, and Lgr5 ex-
pression is most pronounced within the basal
epithelium surrounding taste buds, which is
consistent with previously published data [15].
No LacZ staining was detected in the fungi-
form papillae, foliate papillae or filiform papil-
lae, therefore, we focused on the Lgr5 express-
ing cells in CV papilla during radiation induced
tongue ulceration.

Recent development of taste bud organoid cul-
ture system allows us to visualize these cells
long-term in vitro, and define their functional
and molecular phenotypes after IR. CV papill-
ae tissues isolated from mice were seeded in
3-dimensional (3D) Matrigel to develop in vitro
taste bud organoids with Lgr5 expression (Fig-
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and (F) the dose curve. Dose range from 2 Gy to 10 Gy, Values

ure 1C and 1D). Initial studies examined the
dose response of taste bud organoid to IR
(3-5 days after plating) and the survival rate
was 70% by 6 Gy and 37% by 8 Gy on day 10
respectively (Figure 1E). Radiation survival cur-
ve, performed over a wide range of doses (2-10
Gy; Figure 1F), showed the taste bud organoid
model could be used to monitor the radiation
effect on lingual epithelium.

SIRT1 inhibitors mitigate radiation toxicity in
taste bud organoids

To investigate the effect of SIRT1 inhibition
after IR on the survival of lingual epithelial
cells, taste bud organoids were treated with
SIRT1 inhibitors, including NAM, EX527, sirtinol

Am J Transl Res 2019;11(8):4789-4799
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Figure 2. Sirt1 inhibitors mitigate radiation toxicity in taste bud organoid. A. Representative images of taste bud
organoid treated with vehicle or SIRT1 inhibitors (NAM, EX527, salermide and sirtinol) or SIRT2 inhibitors (AGK2
and sirReal2) at day 10 after 8 Gy IR, Scale bar 100 uym. B. Statistical analysis of the average sizes (surface area
in pixels, mean * SD) of taste bud organoids after 8 Gy IR. C. Distribution of organoids by size after 8 Gy IR. D.
Statistical analysis of the average sizes (surface area in pixels, mean + SD) of taste bud organoids after 6 Gy IR. E.
Distribution of organoids by size after 6 Gy IR. n=68 from three independent tests. *P<0.05, “"P<0.01, *"P<0.001

vs. Ctrl (PBS), NS indicates no significance.

and salemide, at 24 h after IR. Treatment with
SIRT1 inhibitors at 24 h after 8 Gy IR signifi-
cantly improved the number and size of surviv-
ing taste bud organoids compared with untreat-
ed group (Figure 2A-C). Radio-mitigation effect
of SIRT1 inhibition was also confirmed at 6 Gy
IR (Figure 2D and 2E). In contrast, treatment
with SIRT2 inhibitors (SirReal2 and AGK2) after
6 and 8 Gy IR did not significantly affect the
organoid survival (Figure 2). Thus, SIRT1 inhibi-
tors, not SIRT2 inhibitors, could serve as effec-
tive mitigators against radiation-induced taste
bud injury.

SIRT1 inhibition stimulates the proliferation of
lingual epithelial cells in taste bud organoid
after IR

To test whether the SIRT1 inhibition also could

affect the proliferation of lingual epithelial cells
after IR, EdU incorporation assay was applied
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in this study. Taste bud organoids were treated
with NAM, a recognized inhibitor of SIRT1, at 24
h after IR. Treatment with 10 mM NAM at 24 h
after 8 Gy IR significantly improved the size of
taste bud organoids compared with untreated
group (Figure 3A and 3C). EdU labeled prolifer-
ating cells increased by NAM treatment after
IR (Figure 3B and 3D, IR vs. IR + NAM: 14.19%+
6.291 vs. 33.59%+10.58, P<0.001).

Radiation induces RIOM in Lgr5-lacZ trans-
genic mice

To examine the mitigative effect of SIRT1 inhibi-
tion on RIOM in vivo, we first defined the pheno-
typic response of Lgr5-lacZ mice to oral region
IR with respect to induction of RIOM (illustrated
in Figure 4A). RIOM was macroscopically evalu-
ated using TB staining (Figure 4B). The muco-
sal ulceration and epithelium damage at the
upper posterior surface of tongue were deter-
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SIRT1 inhibition mitigates IR induced damage of taste stem cells

B 3,
8 .
7] =) .
m * 4 .
o = o
g ’ ; ﬁ
3 m
®
€ ol T %
o PBS NAM
3 -
£ 50,
b= § 40
< S0
320
o
w 10
k<1
= 0l

PBS  NAM

Figure 3. SIRT1 inhibition stimulates the regeneration of taste bud organoid after irradiation. A. Bright field images
of taste bud organoids treated with or without NAM at day 10 after IR. B. Representative images of taste bud organ-
oid stained with DAPI and EdU; Scale bar 100 ym. C. Statistical analysis of the organoid size (surface area in pixels).
D. Percentage of EdU positive area in taste bud organoid treated with or without NAM after IR. Data presented as
the mean + SD, n=55 from three independent tests, “*P<0.001.
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Figure 4. Irradiation induces RIOM in Lgrb-lacZ transgenic mice. A. Schematic illustration of setup of head-only
radiation for mice. B. Representative pictures of tongues stained with toluidine blue (TB) after various dose of IR.
C. Histological analysis of the tongues collected from mice at day 10 after IR, Scale bar 200 ym. D. Mean ulcer
size percentage to the total epithelialized upper surface of the tongue. E. Quantification of the posterior epithelium
height. Data presented as the mean + SD (n=6). ""P<0.01, *"P<0.001 vs. O Gy group.
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Figure 5. NAM suppresses the histological signs of oral mucositis induced by single dose irradiation. A. Single
dose radiation and drug treatment scheme for mice. A single dose of Nicotinamide (1000 mg/kg, NAM) or PBS
administered 24 h after 15 Gy IR. B. Representative pictures of tongues stained with TB and its histological analysis
(right panels, HE stained), from control mice (non-irradiated, NR), and irradiated mice on day 10 post IR, after they
received vehicle (PBS) or NAM. Scale bar 200 pym. C. Mean ulcer size percentage to the total epithelialized upper
surface of the tongue. D. Quantification of the posterior epithelium height. Data presented as the mean + SD (n=8),

“P<0.05, ""P<0.001.

mined 10 days after IR (Figure 4B and 4C).
Consistent with previous data [25], we found
that a single dose of 15 Gy was the minimal
dose needed to induce oral mucositis, and oral
epithelia in Lgr5-lacZ mice typically showed
radiation dose-dependent damage (Figure 4B
and 4C). We observed oral mucosa ulcer and
thinning epithelium after 15 Gy IR and more
damaged epithelial layer after 18 Gy and 20 Gy
IR (Figure 4D and 4E). These studies also reveal
that loss of a single Lgr5 allele has no signifi-
cant impact on the initiation of RIOM. Thus, the
dose of 15 Gy was choose to induce RIOM in
the following studies in vivo.

Administration of NAM suppresses RIOM in
mice

Lgr5-lacZ transgenic mice received a single
dose IR (15 Gy), 24 h after IR, mice were in-
jected with vehicle (PBS) or NAM with a refer-
ence dose 1000 mg/kg [26]. Mice were eutha-
nized at day 10 after IR (Figure 5A). Tongues
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were removed and processed for analysis to
examine the mucosal damage of IR. SIRT1 inhi-
bition by NAM significantly suppresses the oral
mucositis/ulcers in irradiated mice (Figure 5B).
Histological analysis of the tongues revealed
the preservation of the epithelial layer in irradi-
ated NAM-treated mice, although radiation as-
sociated tissue changes were observed (Figure
5B and 5C). The area of ulcer, relative to the
total dorsal surface, was markedly decreased
in NAM treated group (Figure 5C, NAM vs. PBS:
4.701% vs. 7.926%, P<0.05), along with signifi-
cant increase in the thickness of epithelia layer
(Figure 5D, NAM vs. PBS, 82.7 um vs. 50.7 uym,
P<0.001).

Considering the remarkable effects of SIRT1
inhibition in single dose radiation model, we
next asked if NAM could rescue the deleteri-
ous effects of fractioned dose IR in oral epi-
thelia. For these experiments, Lgr5-lacZ mice
received fractionated IR of a 7 Gy dose/day/
mouse for 3 days (Figure 6A), and NAM were

Am J Transl Res 2019;11(8):4789-4799
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Figure 6. NAM suppresses the histological signs of oral mucositis induced
by fractionated dose irradiation. A. Fractioned radiation and drug treatment
scheme for mice. 7 Gy/day/mouse for 3 days of X-ray IR, NAM (1000 mg/kg)
was given 24 h after last dose of IR. B. Representative pictures of tongues
stained with TB and its histological analysis (HE stained), from control mice
(non-irradiated, NR), and irradiated mice on day 10 after last dose IR, after
they received vehicle (PBS) or NAM treatment; Scale bar 200 ym. C. Mean
ulcer size percentage to the total epithelialized upper surface of the tongue.
D. Quantification of the posterior epithelium height. Data presented as the

mean + SD (n=6). "P<0.01, ""*P<0.001.

given after last dose of IR. Aligned with our sin-
gle dose results, the mitigation effect of NAM
on RIOM was also observed in fractioned radia-
tion model (Figure 6B-D).

SIRT1 inhibitors promote the survival of Lgr5+
taste bud stem cells in mice

Adult tissue stem cells are responsible for
tissue regeneration after injury [21]. To deter-
mine the underlined mechanisms, the surviving
Lgr5+ stem cells in CV papillae were kinetically
quantified by LacZ staining at indicated times
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} stem cells in taste bud were
gradually depleted from day 3

Sacrifice to day 7 after 15 Gy IR (Figure

7B), and about 40% (P<0.001)

ool of stem cells were lost during

7 days after IR. Further, when
comparing impact of 15 Gy at
7 days with 9 days, it is ap-
parent that damage to Lgr5+
taste bud stem cells is rever-
sed upon transition to 9 days
(Figure 7B and 7C). A single
dose of NAM administration
significantly increases the nu-
mber of surviving of Lgr5+
stem cells in CV. Our stem cell
data show a mitigation effect
of NAM with 46.84+8.4 lacZ+
stem cells detected in untre-
ated Lgr5-lacZ mice increas-
ed to 130.5+20.1 lacZ+ stem

cells in NAM treated group at
T day 9 after 15 Gy IR (Figure

—|— 7C). These results indicated

that SIRT1 inhibition promo-
tes the survival of taste bud
stem cells after IR in vivo,
resulting in alleviated tongue

IR-PBS IR-NAM

ulceration.
Discussion

The tongue is gustatory tissu-
es containing numerous taste
buds to detect taste stimuli.
The complexity of oral muco-
sitis as a biological process
remain elusive.

The taste bud epithelium is

rapidly renewed, with a com-
plete turnover every 10-14 days, making them
particularly vulnerable to chemical or radiation
insults compromising the repopulating capacity
of the epithelial stem cell compartment [10,
11]. The self-renewal is driven by taste bud
stem cells, which are marked by Lgr5 and local-
ized at the base of the taste buds in CV papilla
tissue. In mice, the number of taste progenitors
or stem cells decreased within 1-3 days after
IR, mostly due to cell cycle arrest and apoptosis
[21]. Following continued apoptosis of dying
cell, the temporary or permanent disruption in
the supply of new cells lead to taste loss and
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SIRT1 belongs to sirtuin fami-
ly proteins and has dual ac-

tivities as a NAD+-dependent
1 deacetylase and as a mono-
ADP ribosyltransferase [18].
SIRT1 known to be involved in
cell aging and in the respon-
se to DNA damage, binds and
deacetylates the p53 protein,
modification of which has be-
en implicated in the activation
of p53 [19]. Through deace-
tylation, SIRT1 modifies the
activities of histones and non-
histone proteins that contrib-
ute to many processes that
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affect cell survival, senescen-
ce or life span such as oxida-
tive stress, DNA damage re-
pair, cell cycle control, inflam-
mation, and energy and oxy-
gen metabolism [30]. SIRT1
was reported positively affe-
cts stem cells function or re-

Figure 7. SIRT1 inhibitors promote the survival of Lgr5+ taste bud stem cells
in mice. A. Radiation and drug treatment scheme for mice. Tissue collected
on day 3, 5, 7 and 9 from groups with or without NAM injection. B. Rep-
resentative images of stem cells after IR, Scale bar 100 um. C. Quantita-
tive comparison of Lgr5+ taste bud stem cell depletion kinetics after 15 Gy
IR in CV papilla tissue. Data presented as the mean + SD (n=4). “P<0.05,

“*P<0.001.

mucosal ulceration in the irradiated epithelia
[21]. A better understanding of the taste bud
stem cell responses to radiation, will help to
develop new approaches to identify new thera-
peutic targets. In this study, we established the
taste bud organoid based assay to investigate
the radio-mitigation effect of the SIRT1 inhibi-
tors in vitro. The organoid data indicates that
treatment with SIRT1 inhibitors at 24 h post IR
promotes the regeneration of lingual organoid
and improves organoid survival against radia-
tion. Aligned with in vitro data, NAM treatment
correlated with increased number of surviving
Lgr5 taste bud stem cells in vivo, thereby en-
hancing their repopulating capacity and pre-
venting the appearance of ulcers. These obser-
vations have important implications for efforts
to develop medical countermeasures against
oral toxicity induced by radiation.
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newal in variety of adult tis-
sues [31-36]. It has also been
reported that SIRT1 inhibi-
tion protect against oxidative
stress induced apoptosis in
neurons [37, 38]. In fact, the
beneficial effect of SIRT1 inhi-
bition has also been observed
in inflammatory injury of lung
[39], liver [40, 41] and in sep-
tic rats [42]. In this study, we
found that SIRT1 inhibition, not SIRT2, could
promote the survival of taste bud stem cells
and mitigate the radiation induced oral toxicity.
Yet the potential mechanisms underlying these
observations remain unknown and will require
further studies for elucidation.

Conclusion

Altogether, our results indicate that pharmaco-
logical inhibition of SIRT1 promote Lgr5+ taste
bud stem cell survival and mitigates radiation-
induced oral mucositis in mice. The taste bud
organoid system is reliable model to mimic the
stem cell radiation response in vivo. These find-
ings have important implications for efforts
to develop medical countermeasures against
taste dysfunction and mucosal ulceration in
RIOM.
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