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Autophagy is a catabolic process which is involved in the development of many diseases including diabetes mellitus and its
complications. Hyposalivation is a common complication of diabetes mellitus, whereas its mechanism remains unclear. Here, we
observed that the stimulated salivary flow rate of SMG was significantly decreased in db/db mice, a diabetic mice model. The
expressions of aquaporin 5 (AQPS5), a water channel protein, were decreased, whereas the mRNA level of AQP5 was increased in
SMGs of both diabetic patients and mice. Under transmission electron microcope, more autophagosomes were detected in
diabetic SMGs. Expressions of autophagy related proteins LC3II, Beclin-1 and ATGS were increased, meanwhile autophagy
substrate p62 was decreased in SMGs of diabetic patients and mice, indicating that autophagy was activated in diabetic SMG.
Double immunofluorescence staining showed that the colocalization of AQPS and LC3 was increased in SMGs of diabetic mice.
In cultured SMG-C6 cells, high glucose (HG), but not high osmotic pressure, reduced AQPS5 protein expression and induced
autophagy. Moreover, inhibition of autophagy by 3-methyladenin, an autophagy inhibitor, or by autophagy-related gene 5
siRNA, decreased HG-induced AQPS5 reduction in SMG-C6 cells. Additionally, the expression of p-p85, p-Akt and p-mTOR
were decreased in HG-treated SMG-C6 cells. Pretreatment with 740Y-P, a PI3K agonist, significantly suppressed HG-induced
autophagy and AQPS5 degradation. Taken together, these results indicate that autophagy plays a crucial role in AQP5 degradation
in diabetic SMG via PI3K/Akt/mTOR signaling pathway, which contributes to the dysfunction of diabetic SMG. Our study

provides a novel mechanism of diabetic hyposalivation.
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INTRODUCTION flow, which consequently triggers a series of oral problems

Diabetes mellitus is characterized by relative or absolute lack
of insulin and results in hyperglycemia, which causes long-
term damage in diverse organs, including salivary glands
(Babu et al., 2014). Impaired functions of salivary glands are
found in diabetic patients and lead to decreased oral salivary
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and influences the quality of life (Abd-Elraheem et al., 2017;
Mandel, 1989). However, the mechanism of hyposalivation
in diabetic patient remains unclarified.

Saliva secretion is mainly accomplished through trans-
cellular and paracellular pathways (Proctor and Carpenter,
2014). Aquaporins (AQPs) are a family of water-specific
channel proteins that contributes to fast transmembrane
water transport. Among the four AQPs (AQP1, AQP4,
AQP5 and AQP8) expressed in salivary glands, AQPS5 plays
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a significant role in salivary secretion (Hosoi, 2016). The
stimulated salivary flow is decreased more than 50% in
AQPS5 knockout mice (Krane et al., 2001; Ma et al., 1999).
Abnormal distribution of AQPS5 in minor salivary glands is
observed in Sjogren’s syndrome patients (Steinfeld et al.,
2001). Therefore, the changes in the expression and dis-
tribution of AQP5 can influence salivary secretion in dis-
eases. However, the change of AQP5 in diabetic
submandibular gland (SMG) and the related regulatory me-
chanism remain to be elucidated.

Autophagy is a conserved catabolic process that maintains
cellular homeostasis by degrading cellular components, and
its dysregulation is implicated in the development of meta-
bolic disorders, including diabetes mellitus and its compli-
cations (Li and Le, 2017; Mathiassen et al., 2017; Sridhar et
al., 2012). However, the exact role of autophagy in diabetes
mellitus is still controversial. In pancreatic B-cells, inhibition
of autophagy results in accumulation of amyloid, which in-
duces B-cell death and consequent reduction in insulin se-
cretion as well as impairment of glucose tolerance (Kim et
al., 2014). However, in diabetic heart, increased level of
autophagy contributes to the deficiency of cardiac function
through promoting progressive loss of cardiac cells (Muna-
singhe et al., 2016). Recently, autophagy is found to be an
important degradation pathway in eukaryotic cells. It has
been reported that AQPS5 was degraded through autophagy
pathway in parasympathetic denervation (Azlina et al,
2010). However, whether autophagy is involved in the dys-
function of SMG in diabetes mellitus is still unknown.

Therefore, the present study was designed to explore the
changes of AQP5 and autophagy in SMGs of diabetic mice
and patients. Furthermore, we investigated the role of au-
tophagy in the dysfunction of diabetic SMG and its reg-
ulatory signaling pathway.

RESULTS

Morphology and secretion of SMGs are impaired in
diabetic mice

The clinical and biochemical parameters of mice are shown
in Table 1. Although the body weight was higher, the weight
and size of SMGs were significantly decreased in db/db mice
compared with db/m mice (Figure 1A—C). The ratio of gland
weight to body weight was markedly reduced in db/db mice
(Figure 1D). HE staining exhibited an obvious enlargement
of acini and an atrophy of ducts in db/db mice (Figure 1E—
G). The area ratio of acini and ducts in each field of view
were respectively increased by 56.3% and decreased by
50.8% in db/db mice (Figure 1H and I). Moreover, DMAB
staining showed less number of granular convoluted tubules
(GCTs) in db/db mice than that in db/m mice (Figure 1J and
K). Additionally, an enlargement of acini was also detected
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in SMGs of diabetic patients (Figure 1L and M). We further
investigated the secretory function of SMG in diabetic mice.
The stimulated salivary flow rate of SMG was decreased by
80.3% in db/db mice (Figure 1N). The SMG stimulated
salivary flow rate normalized by gland weight was also re-
duced (Figure 10). The total protein contents of saliva col-
lecting from SMGs were similar between two groups (Figure
1P). These results indicate that the structure and secretory
function of SMG are impaired in diabetes mellitus.

Expression of AQPS protein is decreased in diabetic
SMG

To investigate the mechanism in the dysfunction of diabetic
SMG, we detected the expression of AQPS, which is a cri-
tical molecule in salivary secretion. RT-PCR showed that the
mRNA level of AQP5 was increased in db/db mice (Figure
2A). However, western blot and immunohistochemistry re-
vealed that the protein level of AQP5 was lower in db/db
mice (Figure 2B-D). The functional AQPS5 is located in
apical membrane. In order to estimate secretory function of
AQPS5, we further extracted protein from membrane and
cytoplasmic fracture of mouse SMGs, respectively. Western
blot showed that the expression of AQPS5 was decreased in
apicolateral membrane and increased in acinar cytoplasm of
db/db mice when compared with db/m mice, which indicates
that the distribution of AQPS5 is changed in diabetic mice
(Figure 2E and F). The lower expression and redistribution
of AQPS5 may be responsible for the impaired function of
SMG in diabetic mice.

We then examined AQP5 in SMGs of diabetic patients.
Results showed that the mRNA level of AQP5 was higher
and the protein level of AQPS5 was lower in diabetic patients.
AQPS5 was predominantly located in the apicolateral mem-
branes of acinar cells in non-diabetic patients; however, more
AQPS5 was scattered in the acinar cytoplasm in diabetic pa-
tients (Figure 2G-J). Quantitative analysis showed that the
intensity of AQP5 was decreased by 48.6% in apicolateral
membrane, while increased by 38.4% in acinar cytoplasm of
diabetic patients (Figure 2K and L). All these results suggest
that AQPS5 expression and function are decreased in diabetic
SMG.

Autophagy is activated in diabetic SMG

To explore the mechanism involved in the reduction of
AQPS5 in diabetic SMGs, we detected the autophagy level.
The expression of LC3-II, an autophagy marker, was sig-
nificantly increased in db/db mice compared to db/m mice
(Figure 3A and B). In addition, the expressions of autop-
hagy-related proteins, including Beclin-1 and ATGS, were
markedly increased, whereas the expression of p62, an au-
tophagy substrate, was significantly reduced in db/db mice
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Figure 1 Morphology and secretion of SMGs are impaired in diabetic mice. A, The picture of db/m and db/db mice. B, The picture of SMGs from db/m and
db/db mice. C, The weight of SMG. D, The ratio of SMG weight to body weigt. E, Hematoxylin-eosin (HE) staining of SMGs from db/m and db/db mice.
Scale bars, 100 and 50 pm. F and G, Mean size of acini and ducts. H and I, Mean area ratio of acini and duct in each field of view. J, DMAB staining of SMGs
from db/m and db/db mice. Scale bars, 100 um. K, The mean number of granular convoluted tubules (GCTs) in each field of view. L, HE staining of human
SMGs. M, Mean size of acini in human SMGs. N, The pilocarpine (10 pg g~')-stimulated, gland-specific salivary flow rates (uL min") of SMGs in db/m and
db/db mice. O, Normalized stimulated salivary flow rate by gland weight (uL min™' g™'). P, The total protein concentration of saliva collected from SMGs in
db/m and db/db mice. Data are presented as mean+SE. n=5-6, *, P<0.05 and **, P<0.01. NDM, non-diabetic patients; DM, diabetic patients.

Table 1 The clinical and biochemical parameters of mice”

Group Body weight (g) Food intake (g day™") Water intake (mL day ™) Blood glucose (mmol L™) Serum insulin (mU L™)
db/m 34.724+2.96 3.47+0.18 7.5+1.37 7.18+0.68 12.98+4.78
db/db 53.73+8.38" 4.89+0.44™ 13.2+1.17 25.5242.15™ 22.3143.67°

a) MeantSE, n=6, *, P<0.05; **, P<0.01, vs. db/m.

(Figure 3C-E). Under transmission electron microcope, 3@G). These results indicate that autophagy is activated in
more autophagosomes were observed in db/db mice (Figure SMGs of db/db mice.

3F). Double immunofluorescence staining showed increased Consistent with the results in db/db mice, more autopha-
number of LC3 (autophagosome marker) and Lamp2 (lyso- gosomes were observed in SMGs of diabetic patients (Figure

some marker) positive dots in SMGs of db/db mice (Figure 3H). LC3-II and Beclin-1 expressions were higher and p62
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Figure 2 Expression of AQPS protein is decreased in diabetic SMG. A, The mRNA expression of AQPS5 in mice SMGs. B, Western blot analysis of AQP5
in SMGs from db/m and db/db mice. C and D, Immunohistochemistry and immunofluorescence staining of AQP5 in SMGs of db/m and db/db mice. E and F,
Western blot analysis of AQPS in membrane and cytoplasm of mice SMGs. G, The mRNA expression of AQP5 in human SMGs. H, Western blot analysis of
AQP5 in human SMGs. I and J, Immunohistochemistry and immunofluorescence staining of AQP5 in human SMGs. K, AQP5 intensity in apicolateral
membrane of human SMGs. L, AQPS5 intensity in acinar cytoplasm of human SMGs. Data are presented as mean+SE. n=5-6, *, P<0.05 and **, P<0.01.

Scale bars, 100 and 25 pm. NDM, non-diabetic patients; DM, diabetic patients.

expression was lower in SMGs of diabetic patients compared
with non-diabetic patients (Figure 31-L). These results sug-
gest that autophagy is activated in SMGs of diabetic patients.

Activated autophagy is responsible for AQPS reduction
in diabetic SMG

To explore whether the activated autophagy is related with
AQPS5 reduction in diabetic SMG, we examined the colo-
calization of AQPS5 and LC3. More autophagosome-like
structures with positive staining for both AQPS5 and LC3
were observed in SMGs of db/db mice and diabetic patients
(Figure 3M and N), indicating that autophagy might parti-
cipate in the reduction of AQPS in diabetic SMG.

To detect the direct relationship between autophagy and
AQPS5, we incubated SMG-C6 cells with the medium con-

taining 25 mmol L™" high glucose (HG) for 12 h. Mannitol
(25 mmol L™") was used as osmotic control. Consistently,
AQPS5 protein expression was decreased in HG group com-
pared with normal glucose (NG) group, but not in mannitol
group (Figure 4A). These results suggested that HG directly
reduced the protein level of AQPS in SMG-C6 cells. We then
detected the autophagy level in HG-treated SMG-C6 cells.
Rapamycin (1 ng mL™"), an autophagy inducer, was used as a
positive control. Immunofluorescence image exhibited that
more colocalization dots positive for both Lamp2 and LC3
were detected in HG and rapamycin groups (Figure 4B).
Western blot further showed the up-regulation of LC3II,
Beclin-1 and ATGS5 in HG and rapamycin groups. These
results indicate that HG can directly induce autophagy in
SMG-C6 cells (Figure 4C—F).

Furthermore, we inhibited autophagy by 3-methyladenin
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Figure 3 Autophagy is activated in diabetic SMG. A-E, Western blot analysis of LC3, Beclin-1, ATGS, p62 in SMGs of db/m and db/db mice. F,
Transmission electron microscopy images of SMGs from db/m and db/db mice. Note the autophagosome-like structure (black star). Scale bars, 500 nm. G,
Double immunofluorescent assay for LC3 (green dots) and Lamp2 (red dots) in SMGs of db/m and db/db mice. Note the autolysosome-like structure (yellow
dots). Scale bars, 10 pm. H, Transmission electron microscopy images of SMGs from non-diabetic patients and diabetic patients. Note the autophagosome-
like structure (white star). Scale bars, 1 um. I-L, Western blot analysis of LC3, Beclin-1 and p62 of SMGs from non-diabetic patients and diabetic patients. M
and N, Double immunofluorescent assay for AQP5 (green dots) and LC3 (red dots) in SMGs of mice and patients. Scale bars, 25 um. Data are presented as
mean+SE. n=5-6, *, P<0.05 and **, P<0.01. NDM, non-diabetic patients; DM, diabetic patients.

(3-MA, 1 mmol L") in SMG-C6 cells, and found that the
HG-induced AQP5 reduction was reversed (Figure 4G-I).
Additionally, ATG5 siRNA was effective as identified by
both RT-PCR and western blot (Figure 4J—-L). After inhibi-
tion of autophagy by A7G5 siRNA, the HG-induced AQPS5
reduction was also rescued (Figure 4M—P). These above data
suggest that the activated autophagy is responsible for AQP5

reduction in diabetic SMG.

HG induces autophagic degradation of AQPS through
PI3K/Akt/mTOR pathway

We next investigated the possible molecular mechanism of
HG-induced autophagic degradation of AQP5. PI3K/Akt/
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Figure 4 Activated autophagy is responsible for AQPS reduction in diabetic SMG. A, Western blot analysis of AQPS5 from SMG-C6 cells cultured in
medium containing normal glucose (NG), high glucose (HG) and high mannitol (HM). n=3. B, Double immunofluorescent assay for LC3 (green dots) and
Lamp2 (red dots) in NG, HG and rapamycin (Rapa) treated SMG-C6 cells. Scale bars, 10 pm. C—F, Western blot analysis of LC3, Beclin-1 and ATGS in NG,
HG, HM and Rapa treated SMG-C6 cells. n=4. G-I, Western blot analysis of LC3 and AQP5 from SMG-C6 cells cultured in medium containing normal
glucose (NG), high glucose (HG) and HG+3-MA (1 mmol/L). n=5. J-L, Knocking down ATG5 in SMG-C6 cells by transfecting with ATGS5 siRNA. n=3. M—
P, Transfecting SMG-C6 cells with control (Crl) siRNA and ATG5 siRNA, then the cells were incubated in NG and HG medium, the expression of LC3,
ATGS and AQPS were detected by Western blot. n=5. Data are presented as mean+SE. *, P<0.05 and **, P<0.01.
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mTOR signaling pathway is one of the major regulatory
pathways of autophagy. HG significantly reduced the phos-
phorylation of p85, a regulatory subunit of PI3K, Akt and
mTOR (Figure SA-C). However, preincubation with PI3K
agonist 740Y-P (50 pgmL™', 1h) enhanced the phosphor-
ylation of p85, Akt and mTOR in HG condition (Figure 5D—
F), and significantly suppressed HG-induced up-regulation
of autophagy and down-regulation of AQP5 in SMG-C6
cells (Figure 5G and H). The data indicate that PI3K/Akt/
mTOR signaling pathway is involved in HG-induced au-
tophagy and AQPS5 degradation.

DISCUSSION

In the present study, we demonstrated that secretion of SMG
was impaired in diabetic mice. Autophagy was activated in
SMGs of both diabetic patients and mice, which contributed
to the dysfunction of diabetic SMG by excessively degrading
AQP5. Furthermore, the PI3K/Akt/mTOR signaling path-
way was involved in HG-induced autophagic degradation of
AQPS5. Our study provides new insights into the mechanism
of diabetic hyposalivation.

Diabetes mellitus can severely affect oral health, and
common complications such as dry mouth, caries, period-
ontal disease and infections, are largely due to inadequate
saliva in diabetic patients (Chuang et al., 2005; Xiao et al.,
2017). In human, about 60% of resting saliva and 40% of
stimulated saliva are secreted from SMG (Garrett, 1987).
However, studies focusing on the changes of diabetic SMG
and its underlying mechanism are very limited. It has been
reported that a significant enlargement of acini and secretory
granule size in SMGs of diabetic patients (Lilliu et al., 2015).
High prevalence of reduced salivary flow rate is also ob-
served among diabetic patients. Clinical study shows that
92.5% older patients with type 2 diabetes mellitus experience
decreased salivary flow rate (Lima et al., 2017). In the pre-
sent study, we observed an atrophy of SMGs in db/db mice.
Histological staining exhibited an obvious enlargement of
acini and an atrophy of ducts in db/db mice compared to
db/m mice. Additionally, the size of acini was also enlarged
in diabetic patients. Moreover, the stimulated salivary flow
rate of SMG detected by SMG intubation was significantly
reduced in db/db mice. These results indicate that morphol-
ogy and function of SMG are impaired in diabetes mellitus.

AQPS5 plays a significant role in rapid water movement
across the plasma membrane in SMG. Many studies indicate
that down-regulation and abnormal distribution of AQPS5 in
salivary glands are responsible for disease-related xer-
ostomia, such as Sjogren’s syndrome, radiation and in-
flammation (Alam et al., 2017; Li et al., 2006; Murdiastuti et
al., 2006; Steinfeld et al., 2001). However, the exact me-
chanism in modulating the expression and distribution of

Sci China Life Sci

September (2018) Vol.61 No.9 1055

AQP5 in diabetic SMG is still unknown. In the present study,
although the mRNA level of AQP5 was up-regulated, its
protein level was markedly reduced in SMGs of both diabetic
patients and mice. Moreover, HG directly inhibited the ex-
pression of AQPS5 protein in SMG-C6 cells. Our results
confirmed that the level of AQPS5 protein was decreased in
vivo and in vitro. The abnormal distribution of AQP5 from
the cell membrane into the cytoplasm triggered by various
stimuli is closely associated with pathological water move-
ment (Xu et al., 2015). In the present study, the redistribution
of AQP5 from the apicolateral membrane into cytoplasm
was observed in SMG acinar cells in diabetic mice and pa-
tients, which suggests that the functional AQPS is decreased
in diabetic SMG. Both reduced expression and redistribution
of AQPS5 contribute to the dysfunction of diabetic SMG.
Recently, investigations have found that autophagy is in-
volved in the pathological process of diabetes mellitus and its
complications (Jung and Lee, 2010; Yang et al., 2017). In -
cells, autophagy degrades proinsulin and insulin, and in-
hibition of autophagy can increase insulin secretion (Riahi et
al., 2016). Moreover, augmented autophagy level is detected
in the diabetic heart, skeletal muscle, kidney and liver (Liu et
al., 2016; Munasinghe et al., 2016; Robinson et al., 2016;
Yao et al., 2016). The development and secretory capacity of
salivary glands are also reported to be critically intertwined
with autophagy (Morgan-Bathke et al., 2015). However,
little is known about the changes and role of autophagy in
diabetic SMG. Here, we observed more autophgosomes and
found up-regulation of autophagy marker LC3II, as well as
down-regulation of autophagy substrate p62 in SMGs of
both db/db mice and diabetic patients. Beclin-1 is the
mammalian homolog of yeast Atg 6 and plays a critical role
in the regulation of autophagy. It is regulated by molecules
such as advanced glycation end products, which have been
demonstrated to be increased in diabetes mellitus (Sinha and
Levine, 2008). Moreover, diabetes can inhibit mTOR sig-
naling pathways which induces activation of Beclin-1 (Mu-
nasinghe et al., 2016). ATGS is also a key regulator of
autophagy, which is responsible for elongation of the pha-
gophore in the autophagy process by conjugated to ATG12.
Many protein kinases can regulate activity of ATGS in-
cluding PI3K/Akt pathway (Yin et al., 2016). Additionally,
ATGS is demonstrated to be up-regulated in HG condition
(Kong et al., 2014; Liu et al., 2014; Ma et al., 2013).
Therefore, we also detected Beclin-1 and ATGS5 to evaluate
autophagy level. The expression of Beclin-1 and ATGS were
also increased in diabetic SMG. Additionally, the colocali-
zation of autophagosome marker LC3 and lysosome marker
Lamp2 was increased in db/db mice. All these results de-
monstrate that autophagy is activated in diabetic SMG.
Furthermore, we explored the mechanism of decreased
AQPS5 in diabetic SMG. The higher mRNA level and lower
protein level of AQP5 in diabetic SMG suggested that de-
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Figure S HG induces autophagic degradation of AQPS through PI3K/Akt/mTOR pathway. A—C, Western blot analysis of p-p85, p-Akt, p-mTOR of SMG-
C6 cells cultured in medium containing normal glucose (NG) and high glucose (HG). n=4. D—H, Preincubating SMG-C6 cells with PI3K agonist 740Y-P
(50 pg mL™',1 h), the expression of p-p85, p-Akt, p-mTOR, LC3 and AQP5 were detected by western blot. n=3—6. I, Schematic illustration showing the
process of HG-induced autophagic degradation of AQP5 mediated through PI3K/Akt/mTOR signaling pathway in the acinar cells of diabetic SMG. Data are

presented as mean+SE. *, P<0.05 and **, P<0.01.

creased AQPS protein might be due to an elevation in AQPS5
degradation. Recently, autophagy has been reported to be an
important protein degradation pathway involved in AQP5
degradation. The G103D point mutation of AQP35 gene in rat
SMG causes an increase of autophagy-lysosome degradation
of AQP5 (Karabasil et al., 2011). Parasympathetic denerva-
tion of the chorda tympani in rat SMG causes a decrease in
AQPS5 protein level via autophagy-lysosome degradation
system (Azlina et al., 2010). Here, we found that more co-
localization of AQPS5 and LC3 in SMGs of db/db mice. In
SMG-C6 cells, HG could directly induce autophagy. More-
over, inhibition of autophagy by 3-MA or ATG5 siRNA re-
versed HG-induced AQPS5 decrease. Combining in vivo and
in vitro studies, we reveal that autophagic degradation

pathway is responsible for decreased AQPS in diabetic SMG.

The intracellular signaling pathway under HG-induced
autophagy was further explored. mTOR is a major negative
regulator of autophagy which modulated by several upstream
molecules, including PI3K/Akt and adenosine 5’-monopho-
sphate-activated protein kinase (AMPK) (Abada and Elazar,
2014). In diabetic kidney, PI3K/Akt/mTOR pathway is re-
ported to participate in the regulation of autophagy (Huang et
al., 2016). In MC3T3-E1 cells, HG increases the production
of reactive oxygen species, which induces autophagy
through inhibition of Akt/mTOR pathway (Wang et al,
2016). However, whether mTOR was involved in HG-in-
duced autophagic degradation of AQPS in diabetic SMG is
still unclear. Here, the expression of p-mTOR and its up-
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stream signals p-p85 and p-Akt were decreased in HG-
treated SMG-C6 cells. After activation of PI3K/Akt/mTOR
signaling pathway by PI3K agonist, the HG-induced autop-
hagy and AQPS5 decrease were inhibited in SMG-C6 cells.
These results indicate that HG induces autophagy in diabetic
SMG through inhibiting PI3K/Akt/mTOR signaling path-
way, while the elevated autophagy excessively degrades
AQP5 and leads to the dysfunction of SMG.

In summary, we demonstrate that autophagy plays a crucial
role in HG-modulated AQPS degradation, which contributes
to the dysfunction of diabetic SMG. Furthermore, the PI3K/
Akt/mTOR signaling pathway is involved in HG-induced
autophagic degradation of AQPS5. These findings highlight
the pathological role and regulatory mechanism of autop-
hagy in diabetic SMG and provide potential target for ther-
apeutic strategy to ameliorate SMG dysfunction in diabetic
mellitus.

MATERIALS AND METHODS

Animals

16-week-old male leptin receptor-deficient db/db mice (a
model of spontaneous type 2 diabetes mellitus) and age-
matched db/m mice were purchased from Changzhou Ca-
vens Laboratory Animal Ltd. The experimental procedure
was approved by the Ethics Committee of Animal Research,
Peking University Health Science Center and complied with
the Guide for the Care and Use of Laboratory Animals (NIH
Publication No. 85-23, revised 1996). All animal research is
reported in accordance with the ARRIVE guidelines (Kilk-
enny et al., 2010). Blood samples were collected from the tail
veins, the levels of blood glucose and serum insulin were
measured by Glucometer (ACCU-CHEK) and Todine ['*I]-
Insulin Radioimmunoassay Kit (Union Medical & Pharma-
ceutical Technology Ltd., Tianjin), respectively.

Human samples

Human SMG samples were collected from five diabetic
patients (40 to 70 years old; two males and three females)
and five non-diabetic patients (40 to 70 years old; two males
and three females) who underwent functional neck dissection
for primary oral squamous cell carcinoma without irradiation
or chemotherapy. All samples were confirmed to be histo-
logically normal. The research protocol was approved by the
Ethics Committee of Peking University Hospital of Stoma-
tology, and all participants had signed an informed consent
document before tissue collection.

Cell culture

The rat SMG cell line SMG-C6 was cultured as previously
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described (Cong et al., 2015). The plasmid containing AQP5
c¢DNA (OriGene Technologies, USA) was transfected into
the cells by Lipofectamine™ 2000 (Thermo Fisher Scientific,
USA). At 24 h post-transfection, the cells were subjected to
antibiotic G418 (1 mg mL™"; TransGen Biotech, USA) to
select the stably overexpressed cells. The independent clones
were isolated and passaged.

Measurement of stimulated salivary flow of SMG

Mice were fasted for a minimum of 5 h with water ad libi-
tum. After anesthesia with an intraperitoneal injection of
chloral hydrate (0.4 gkg ' body weight), SMG duct was
isolated and inserted into a capillary tube. The volume of
saliva was measured for 10 min after injection of pilocarpine
(10 ug g ' body weight). Total protein content of SMG saliva
was detected by using BCA Protein Assay Kit (M&C Gene
Technology, USA).

Histological and immunohistochemical staining

Five um consecutive paraffin sections of SMG were stained
with hematoxylin-eosin (HE). Granular ductal kallikreins of
SMG were stained by p-dimethylaminobenzaldehyde
(DMAB) staining. The morphological changes were ob-
served under a light microscope (Q550CW; Leica). SMG
sections were incubated with primary antibody to AQPS5
(1:100; Santa Cruz, USA) at 4°C overnight followed by
HRP-conjugated secondary antibody (Zhongshan Labora-
tories). Six fields of each section were randomly chosen to
evaluate the morphology of SMG and the intensity of AQP5
by using ImageJ software (National Institutes of Health).

Immunofluorescence staining

Seven um frozen SMG sections and cells were fixed in cold
acetone, stained with primary antibodies to AQPS5 (1:100;
Santa Cruz), Lysosome-associated membrane protein 2
(Lamp2; 1:100; Santa Cruz) or microtubule-associated pro-
tein 1 light chain 3 (LC3; 1:400; Cell Signal Technology,
USA) at 4°C overnight, and then incubated with secondary
antibodies at 37°C for 2 h. Nuclei were stained with 4,6-
diamidino-2-phenylindole (DAPI). Fluorescence images
were captured with a confocal microscope (TCS SP8; Leica,
Germany). The fluorescent intensities were measured by
Imagel] software.

Transmission electron microcopy

SMG tissues were fixed in 2% paraformaldehyde-1.25%
glutaraldehyde and stained with uranyl acetate and lead ci-
trate. SMG specimens were examined with a transmission
electron microscope (H-7000, HITACHI, Japan).
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Table 2 Primers for AQPS5 and GAPDH mRNA
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Species Gene Forward primer (5'—3") Reverse primer (5'—3")
Mouse AQPS GGCTTTGGCACATGAGATACT CTTTGGAATTAGGCAGAACGA
Mouse GAPDH AAATGGTGAAGGTCGGTGTGAA CAACAATCTCCACTTTGCCACTG
Human AQPS5 ACCTTGTCGGAATCTACTTCACT ACGCTCACTCAGGCTCAG
Human GAPDH ACATCATCCCTGCCTCTACTG CCTGCTTCACCACCTTCTTG

Real-time PCR

Total RNA of SMG was extracted and cDNA was synthe-
sized. The primer sequences of AQP5 and GAPDH were
listed in Table 2. Real-time PCR (RT-PCR) was carried out
with DyNAmo Color Flash SYBR Green qPCR Kit (Thermo
Fisher Scientific) according to the manufacturer’s instruc-
tions.

Western blot

Total proteins of SMGs and SMG-C6 cells were extracted by
RIPA lysis buffer. The membrane, cytoplasmic and nuclear
proteins were extracted from SMGs by using the Nuclear-
Cytosol-Mem Extraction kit (Applygen Technologies Inc.,
Beijing) following the manufacturer’s instructions. Protein
concentrations were detected by a BCA Protein Assay Kit
(M&C Gene Technology). Same amount of protein was se-
parated on 10% or 12% SDS-PAGE, transferred to poly-
vinylidene difluoride membrane and probed with primary
antibodies to AQP5 (1:1,000; Merck Millipore, USA), Na'-
K'-ATPase (1:1,000; Ptoteintech, USA), LC3, Beclin-1,
SQSTM1/p62, Phosphoinositide 3-kinase (PI3K) p85,
phospho-PI3K p85, Akt, phospho-Akt, the mammalian tar-
get of rapamycine (mTOR), phospho-mTOR (all 1:1,000;
Cell Signal Technology), ATG5 (1:1,000; Bioworld Tech-
nology, USA) and B-actin (1:4,000; Abcam, USA) at 4°C
overnight, and then incubated with horseradish-peroxidase-
conjugated secondary antibodies. Immunoreactive bands
were visualized with enhanced chemiluminescence reagent
(Thermo Fisher Scientific). The densities of bands were
quantified with ImageJ] Software.

Knockdown of ATGS

SMG-C6 cells were transfected with siRNA using Lipo-
fectamine® RNAIMAX reagent (Thermo Fisher Scientific)
according to the manufacturer’s instruction. The primer se-
quence of ATGS5 siRNA was forward 5'-CACUUUAUGU-
CAUGUGUGAJATAT-3', reverse 5'-UCACACAUGACAU-
AAAGUGATAT-3', and non-specific negative control siRNA
was forward 5-UUCUCCGAACGUGUCACGUTT-3', re-
verse 5-ACGUGACACGUUCGGAGAATT-3' (Sigma-Al-
drich, USA).

Statistical analysis

Data are presented as mean+SE. Statistical analysis was
performed with unpaired Student’s ¢ test for two groups and
one-way ANOVA followed by Bonferroni’s test for multiple
groups by GraphPad Prism 5.0 software (GraphPad Prism).
P<0.05 was considered statistically significant.
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