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ABSTRACT
Naringin, a natural occurring flavonoid compound, enriches in citrus fruits. We aimed to evaluate the
inhibitory effect of naringin on colitis and chronic inflammation-driven carcinogenesis. Male C57BL/6 mice
were exposed to AOM/DSS to induce colorectal inflammation and carcinogenesis. Naringin by oral
administration prevented AOM/DSS-induced ulcerative colitis and carcinogenesis without significant side
effects. Naringin attenuated the severity of colitis and colorectal adenomas through inhibiting myeloid-
derived suppressor cells (MDSCs), pro-inflammatory mediators GM-CSF/M-CSF, IL-6 and TNF-a and the NF-
kB/IL-6/STAT3 cascades in colorectal tissues. Naringin-treated mice exhibited normalized structures of
colorectal tissues. Electron microscopy analysis showed the suppression of robust endoplasmic reticulum
(ER) stress-induced autophagy. Naringin inhibited the secretion of the ER-spanning transmembrane
proteins, such as GRP78 ATF6, IRE1a and activated PERK phosphorylated eIF-2a and complex of
autophagosomes ATG3, ATG5, ATG7, ATG12, ATG16 and ATG16L1 in the colorectal mucosal cells.
Conclusion: Naringin prevented colitis and colorectal carcinogenesis through suppressing robust ER stress-
induced autophagy in colorectal mucosal cells. Naringin could develop a promising therapeutic agent for
the prevention of ulcerative colitis and colorectal tumor.
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Introduction

Inflammatory bowel disease (IBD) has been considered a major
risk of developing colorectal cancer (CRC). IBD, including
ulcerative colitis and Crohn’s disease, is a chronic, relapsing,
and remitting inflammatory condition in colorectal tract. CRCs
are known to develop through a series of histological events,
called the ‘‘adenoma-carcinoma’’ sequence.1,2 Clinical studies
showed that patients with IBD exhibiting a 2- to 8-fold higher
risk of CRC.3,4 Many factors, such as the environment, imbal-
ance of bacterial flora, and diet, such as low fruit and vegetable
consumption, as well as high intake of red meat – could
increase the risk of IBD.5 Although the exact mechanism
of IBD remains unknown, the pathogenic paradigms have
highlighted that the interactions between various constituents
of the innate and adaptive immune systems play key roles in
the pathogenesis of IBD. It is accepted that during IBD, there
are various activated myeloid-derived cells in which there is a
vicious cycle of tissue destruction and repair due to either irre-
movable injurious stimuli or a dysfunction. Myeloid-derived
cells include monocytes, macrophages, myeloid-derived sup-
pressor cells (MDSCs), neutrophils, and dendritic cells (DCs).
In particular, MDSCs which possessed immunosuppressive
function was widely studied in IBD and colorectal tumor.6

Once activated, MDSCs mediate suppression of T-cell func-
tions through upregulation of immune suppressive factors such
as arginase and inducible nitric oxide synthase (iNOS) and

increase production of ROS.6 MDSCs produce various pro-
inflammatory mediators such as GM-CSF and M-CSF, IL-6, Il-
10 and TNF-a to further exacerbate their immune suppressive
activity. MDSCs also amplify the NF-kB/IL-6/STAT3 signaling
pathway in the pathogenesis of IBD and colorectal tumor.7

Regardless of IBD pathogenesis, chronic inflammation are
known to account for many malignancies, as they can induce
genomic instability, inhibition of apoptosis or tumor suppres-
sors, modulation of cell proliferation, and angiogenesis.6,7

These cancer-related inflammations represent the targets for
designing innovative therapeutic strategies to prevent chronic
inflammation and inflammation-driven carcinogenesis.

There is no cure for IBD. Current therapeutics e.g., cortico-
steroids, immunomodulators, antibiotics, aminosalicylates, and
biologic therapies are aimed at inducing and maintaining the
remission of diseases by modifying chronic inflammatory pro-
cesses.8 Moreover, the results of these drugs are highly variable,
as response to the treatment often diminishes over time, result-
ing in disease complications. Although aspirin produces regres-
sion of existing colorectal adenomas and prevents formation of
new polyps, the lowest effective doses, treatment duration, tar-
get populations, and the effects on patient survival are not
entirely clear. Moreover, prolonged aspirin treatment could
induce haemorrhage, especially in the gastrointestinal tract.9

Therefore, attempts have been made to find drugs targeting the
IBD for reducing the risk of colorectal cancer.
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A promising source of chemoprevention agents is tradi-
tional medicine derived from natural compounds. It is well
known that polyphenolic flavonoids possess diverse biologi-
cal activities including anti-inflammatory and anti-carcino-
genesis effects owing to their specific structural features. Of
note, naringin, 40,5,7-trihydroxy avanone-7-rhamnogluco-
side, a major flavanone glycoside in citrus species, has
drawn growing attention in for its various biological prop-
erties.10 In mammals, naringin is broken down by intestinal
microflora into its aglycone naringenin, which is rapidly
metabolized in the liver into the glucuronide intermediates.
Both naringin and naringenin have been shown to possess
strong antioxidant, anti-inflammatory, anti-carcinogenesis
potential.11 Naringin could protect neural cells on 3-nitro-
propionic acid-induced mitochondrial dysfunction through
modulating the Nrf2 signaling pathway.12 Naringin inhib-
ited autophagy-mediated gastric adenocarcinoma cell
growth by downregulating the PI3K/Akt/mTOR cascade via
activation of the MAPK pathway.13 Naringin also prevented
cisplatin-induced oxidative stress, inflammatory response
and apoptosis in rat striatum via suppressing the ROS-
mediated NF-kB and p53 signaling pathways.14 Naringin
inhibited the growth of hepatocellular carcinoma HepG2
cells and DU145 prostate cancer cells through inducting
apoptosis.15,16 In our group, we found that naringin could
prevent intestinal adenomas through modulating the GSK-
3b and APC/b-catenin pathways in APCMin/C mice.17 Our
continuous study aimed to investigate the inhibitory effects
of naringin on AOM/DSS-induced colorectal inflammation
and carcinogenesis in C57BL/6 mice. Naringin by oral
administration exhibited a strong chemopreventative effect
on ulcerative colitis and colorectal adenomas without signif-
icant side effects. We suggest that naringin could be devel-
oped a potential chemopreventive agent for reducing the
risk of colonic cancer.

Results

Naringin prevented AOM/DSS-induced ulcerative colitis
and colorectal carcinogenesis

Mice received AOM/DSS exhibited the symptoms of ulcera-
tive colitis such as diarrhea, hair bristling, anal prolapses
due to colorectal ulcerative inflammation. In model mice,
body weight loss started from d 6 (Fig. 1A). Bloody stools
were also seen from d 6. The severity of disease as scored
by DAI reached highest level on d 7 after third DSS cycle
(Fig. 1B). In contrast, naringin strongly prevented the
symptoms of ulcerative colitis (i.e., body weight loss, diar-
rhea, and rectal bleeding). Naringin by 50 and 100 mg/kg
significantly reduced the DAI scores (P < 0.01 vs. model
mice), demonstrating the prevention of bloody stools (P <

0.01 vs. model mice) and body weight loss (P < 0.05 vs.
model mice). Aspirin also inhibited AOM/DSS-induced
DAI score (P < 0.05 vs. model mice) but did not prevent
body weight loss and bloody stools (P > 0.05 vs. model
mice).

Colorectal ulcerative inflammation led to shortening of colo-
rectal length (Fig. 1C). Average colorectal length was 8.8 cm in

normal mice. AOM/DSS induced shortening of colorectal
length to 7.1 cm in model mice (Fig. 1C–a, P < 0.05 vs. normal
mice). Naringin prevented shortening of colorectal length,
showing average length was 7.4 cm (Fig. 1C–b, 50 mg/kg, P <

0.05 vs. model mice) and 8.5 cm (Fig. 1C–c, 100 mg/kg, P <

0.01 vs. model mice). Aspirin did not significantly prevent
shortening of colorectal length (Fig. 1C–d, P < 0.05 vs. model
mice).

AOM/DSS induced colorectal neoplasms by 100% in
model mice, whereas by 64.3% and 51.4%, respectively, in
naringin-treated mice by 50 mg/kg (Fig. 1D, P < 0.05 vs.
model mice) and 100 mg/kg (Fig. 1D, P < 0.01 vs. model
mice). Further, model mice developed larger numbers and
sizes of colorectal neoplasms as compared to naringin-
treated mice (Fig. 1D, P < 0.01 vs. model mice). Although
naringin and aspirin both presented the inhibition of colo-
rectal neoplasms, naringin demonstrated higher efficacy
than aspirin (Fig. 1D, P < 0.05). Larger sized cancers
(>5 mm) were observed in aspirin-treated mice, but not in
naringin-treated mice (Fig. 1E, P < 0.05).

Pathology analysis showed that AOM/DSS induced
severe inflammatory lesions in the colorectal tissues, show-
ing different degrees of tissues structural changes, such as
swelling and degeneration of epithelial cells, extensive denu-
dation and collapse of villi, surface erosion with exuberant
inflammatory exudate, patchy reepithelization, lamina prop-
ria fibrosis with inflammatory infiltrate and submucosa
edema (Fig. 2A–b). In contrast, naringin-treated mice pre-
sented less severity of inflammatory lesions, demonstrating
the integrity and normal structure of colorectal tissues
(Fig. 2A–c,d). Aspirin achieved a mild inhibitory effect on
chronic inflammation (Fig. 2A–e). The inhibitory effect of
naringin and aspirin on inflammation was recorded by
determining the inflammation scores as showed in Fig. 2B
(P < 0.01 between naringin and model mice; P < 0.05
between naringin and aspirin).

Further analysis revealed that AOM/DSS-induced colorectal
neoplasms were histologically determined as adenoma. In
model mice, colorectal tissues presented advanced tubular ade-
noma with focal high grade dysplasia marked nuclear pleomor-
phism, lack of nuclear polarity, frequent mitoses and
architectural distortion. Gross ulceration was frequently seen in
large-sized adenomas (Fig. 2C–a). Naringin strongly inhibited
colorectal adenomas, showing attenuated dysplasia and mito-
ses, less architectural distortion and fair restore effects on
colonic tissue structures (Fig. 2C–b,c). In addition to attenuated
inflammation, aspirin did not show high quality evidence of
preventing effect on colonic tissue lesions (Fig. 2C,d).

Naringin prevented AOM/DSS-induced infiltration
of MDSCs and inflammatory mediators in the
intraepithelial and intraepithelial propria of colon tissues

During colitis, MDSCs was infiltrated, while CD4C and CD8C
T lymphocytes and macrophages were decreased in the intrae-
pithelial and intraepithelial propria of colon tissues.18 We used
flow cytometry assay to analyze the profiles of these immuno-
cytes in AOM/DSS-treated mice. MDSCs are defined as
CD11bCGr-1C cells that are further divided into 2 subsets,
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Figure 1. Naringin attenuated colorectal inflammation and adenomas in mice. (A) Body weight changes of mice during AOM/DSS-induced colitis and carcinogenesis. (B)
Naringin attenuated colorectal inflammation expressed as reduced DAI after third DSS cycle. (C) Gross view of colorectal tissues and adenomas (left). C-a. model mice.
C-b. naringin 50 mg/kg. C-c. naringin 100 mg/kg. C-d. aspirin 100 mg/kg. Naringin prevented shortening of colonic length (right). (D) Naringin prevented the incidence of
colorectal adenomas. (E) Tumor size distribution in mice model and drug-treated mice. Each dot represents ten mice (n D 10).

�
P < 0.05,

��
P < 0.01 between model mice

and drug-treated mice. #P < 0.05, ##P < 0.01 between naringin and aspirin.

Figure 2. H&E-stained colorectal sections from model mice and drug-treated mice (50£ ). (A) Naringin prevented colorectal inflammation. A-a. normal mice; A-b. model
mice; A-c. Naringin with 50 mg/kg treated mice; A-d. Naringin with 100 mg/kg treated mice; A-e. Aspirin-treated mice. (B) Naringin reduced colitis evaluated by inflamma-
tion score.

�
P < 0.05,

��
P < 0.01 between model mice and drug-treated mice. #P < 0.05, ##P < 0.01 between naringin and aspirin. (C) Naringin prevented inflammation-

driven colorectal adenomas. C-a. model mice; C-b. Naringin 50 mg/kg; C-c. Naringin 100 mg/kg; B-d. Aspirin 100 mg/kg.
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monocytic (CD11bCLy6CC defined as M-MDSCs) and granu-
locytic (CD11bCLy6Ghigh defined as G-MDSCs) cells.18 Narin-
gin significantly prevented the infiltration of M-MDSCs
(Fig. 3A, P < 0.01 vs. model mice) and G-MDSCs (Fig. 3B, P <

0.01 vs. model mice). As expected, an increase of CD4C
(Fig. 3C, P < 0.05 vs. model mice) and CD8C T lymphocytes
(Fig. 3D, P < 0.01 vs. model mice) was seen in intraepithelial
and intraepithelial propria. Macrophagys identified by
CD11bCF4/80 and CD11b were also increased in intraepithelial

and intraepithelial propria of colonic tissues (Fig. 3E, P < 0.05
vs. model mice). Aspirin did not significantly prevent the infil-
tration of G-MDSCs and M-MDSCs (P > 0.05 between aspirin
and model mice). The increases of lymphocytes CD4C and
CD8C T and macrophages were not significantly in aspirin-
treated mice (P > 0.05 between aspirin and model mice).

ELISA assay showed high level of GM-CSF and M-CSF in
the supernatant of colonic tissues in model mice. Naringin sig-
nificantly reduced the levels of GM-CSF (Fig. 4A, P < 0.01 vs.

Figure 3. Flow cytometry analyzed the profiles of immunocytes in the intraepithelial and intraepithelial propria of colon tissues. (A) Naringin prevented the infiltration of
M-MDSCs as determined by anti-CD11bCLy6CC. A-a. normal mice. A-b. model mice. A-c. Naringin 50 mg/kg; A-d. Naringin 100 mg/kg; A-e. Aspirin 100 mg/kg. (B) Narin-
gin prevented the infiltration of G-MDSCs as determined by anti-CD11bCLy6GC. B-a. normal mice. B-b. model mice. B-c. Naringin 50 mg/kg; B-d. Naringin 100 mg/kg; B-
e. Aspirin 100 mg/kg. (C) Naringin increased CD4C T lymphocytes as determined by anti-CD3C/CD4C. C-a. normal mice. C-b. model mice. C-c. Naringin 50 mg/kg; C-d.
Naringin 100 mg/kg; C-e. Aspirin 100 mg/kg. (D) Naringin increased CD8C T lymphocytes as determined by anti-CD3C/CD8C. (E) Naringin increased macrophages as
determined by anti-CD11bCF4/80C. E-a. normal mice. E-b. model mice. E-c. Naringin 50 mg/kg; E-d. Naringin 100 mg/kg; E-e. Aspirin 100 mg/kg.
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model mice) and M-CSF (Fig. 4B, P < 0.01 vs. model mice).
Since myeloid cells are a major source of IL-6 and TNF-a in
immunosuppressive function of MDSCs,18,19 we thus deter-
mined high levels of IL-6 and TNF-a in model mice. As
expected, inhibition of IL-6 (Fig. 4C, P < 0.05 vs. model mice)
and TNF-a (Fig. 4D, P < 0.05 vs. model mice) was observed in
naringin-treated mice. Aspirin treatment led to an inhibition of
IL-6 (P < 0.05 vs. model mice) and TNF-a (P < 0.05 vs. model
mice), but not GM-CSF (P > 0.05 vs. model mice) and M-CSF
(P < 0.05 vs.model mice).

During colitis and tumor formation, activated UPR pathway
augmented STAT3 and activated nuclear factor-kB (NF-kB)
through activation of phosphorylated m-TOR pathway.20

Western blotting showed that naringin-treated mice showed
suppressed STAT3 (Fig. 4E), NF-kB signaling cascades
(Fig. 4F) and phosphorylated m-TOR pathway (Fig. 4G). Aspi-
rin showed a mild effect on the phosphorylated m-TOR-

induced activation of STAT3 and NF-kB signaling pathways
(Fig. 4E–G).

Naringin prevented AOM/DSS-induced robust ER-stress-
mediated autophagy in colonic mucosal cells

In colitis-associated carcinoma model, continuous AOM/DSS
induced misfolded proteins beyond correction effects, leading
to robust ER stress enhancing cell survival through sustaining
autophagy. Autophagy could support cells to adapt the ER
stress-induced hostile environment, leading to colitis and ade-
nomas.21 Electron microscopy analyzed the ultrastructure of
ER lumen, showing the ER lumen was expanded with numer-
ous swellings and vacuole-like structures. Most of ribosomes
attached ER and free ribosomes were disappeared (Fig. 5A).
Naringin-treated mice exhibited the integrity of ER structure,
showing continuous ER and normal structures with extensive

Figure 4. Naringin reduced inflammatory mediator in colorectal inflamed mucosa and colorectal adenomas. (A) ELISA analyzed concentration of M-CSF in colorectal
mucosa and adenomas. (B) Naringin reduced GM-CSF in colorectal mucosa and adenomas. (C) Naringin reduced IL-6 in colorectal mucosa and adenomas. (D) Naringin
reduced TNF-a in colorectal mucosa and adenomas. Each dot represents eight mice (n D 10). �P < 0.05, ��P < 0.01 between model mice and drug-treated mice. #P <

0.05, ##P < 0.01 between naringin and aspirin. (E) and (F) Western blotting analyzed levels of JAK2/STAT3 and COX-2/NF-kB cascades in colorectal mucosa and adenomas.
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parallel membranes. Ribosomes were frequently seen attached
to the ER as well as free in the cytoplasm. These results indi-
cated the restoring effect of naringin on the ER structure. The
restoring effect of naringin on the ER was more visible than
aspirin (Fig. 5A).

Electron microscopy further analyzed robust ER stress-
induced autophagy. Double membrane autophagy vesicles were
frequently observed in model mice, whereas few autophagy
vesicles were seen in naringin-treated mice (Fig. 5B). Aspirin
had mild inhibitory effect on robust ER stress-autophagy
vesicles (Fig. 5B).

Western blotting analysis of the ER-resident sensors showed
that naringin suppressed the secretion of major ER-spanning
transmembrane proteins, including GRP78 ATF6, IRE1a and
activated PERK phosphorylated eIF-2a. Naringin strongly pre-
vented robust ER stress-induced GRP78, ATF6a, phosphory-
lated eIF-2a and IRE1a. Statistical analysis indicated that
naringin had higher inhibitory effects on robust ER stress-

induced secretion of ER-resident sensors than aspirin (Fig. 5C).
Upon phagophore, a conjugate of ATG3, ATG5, ATG7,
ATG12, ATG16 may multimerize with ATG16L1 to form a
complex of autophagosomes and then lipidates LC3 (LC3-II).22

Naringin significantly inhibited the formation of the autopha-
gosomes (Fig. 5D), thus, leading to the inhibition of autophagy
in the inflamed colonic epithelial cells and adenoma cells.
Because AOM/DSS induced colorectal adenoma in 100% of
mice, we thus suggest that autophagy is mostly occurred in the
adenoma cells. Naringin inhibited the ER-stress-mediated auto-
phagy, thus preventing inflammation-driven colorectal
adenoma.

Discussion

Chemoprevention is a rational and appealing approach to
reduce the risk of colorectal cancer by using pharmacologic
means, such as aspirin. Aspirin has long been considered the

Figure 5. Naringin inhibited robust ER-stress-mediated autophagy in colorectal mucosal cells. (A) Electron microscopy analyzed the ultrastructures of ER, indicating ER
expansion with double-membrane structures. Naringin attenuated ER expansion. (B) Electron microscopy showed double membrane autophagy vesicles in colorectal
mucosal epithelial cells. Autophagy vesicles were reduced in naringin-treated mice. (C) AOM/DSS induced robust ER stress as evidenced by high expressions of GRP78,
IRE1a, PERK and ATF6a. Naringin inhibited the expression of GRP78, IRE1a, PERK and ATF6a in colorectal mucosal cells. (D) Naringin prevented the formation of robust
ER stress induced-ATG16L1 complex in colorectal mucosal cells. (E) Naringin reduced ER stress-induced high level of LC3B and Bcelin-1 in colorectal mucosal cells.
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role in the chemoprevention of colorectal cancer. In APCmin/C

mouse model, aspirin prevented 44% tumor formation at a dos-
age of 80 mg/kg.23 However, its clinical efficacy in the preven-
tion of human CRC has remained controversial.9 Can we select
patients for colorectal cancer prevention with aspirin? Rothwell
published a 20 y follow-up of 5 RCTs (Randomised controlled
trials) which supported the role of low dose aspirin in reducing
30–40% colorectal cancer incidence and mortality, with most
benefit for proximal colon cancers.24 However, a report issued
from Physicians Health Study (PHS) and Women’s Health
Study (WHS) showed that the incidence or mortality of colo-
rectal cancer was not seen a significant reduction on short-term
follow-up.24 In many cases, it is prohibited due to upper gastro-
intestinal bleeding, peptic ulceration and haemorrhagic
stroke.25 Aspirin also exacerbated asthma, urticaria and angioe-
dema and hepatic dysfunction.26 It has been understood that
the ideal chemopreventative agent, in addition to being effica-
cious in the prevention of cancers, must be easily administered
and well tolerated. In this study, naringin prevented AOM/
DSS-induced colorectal inflammation and carcinogenesis in
mice without significant side effects. Subchronic toxicity study
by oral administration at doses of 50, 250 and 1250 mg/kg for
13 weeks did not find any toxicity in SD rats. During sub-
chronic oral toxicity study, there were no mortality and
toxicologically significant changes in clinical signs, food con-
sumption, opthalmoscopic examination, hematology, clinical
biochemistry, macroscopic findings, organ weights and histo-
pathological examination.27 Pharmacokinetic analysis revealed
that naringin has low bioavailability (11%), implying that the
prokinetic effect of naringin was largely due to the local activa-
tion in the intestine rather than a systemic effect after absorp-
tion. This local mode of action might be advantageous for
preventing possible systemic side effects since naringin is not
well absorbed into the system circuit.28 We thus suggest that
the advantage of naringin being superior to aspirin might be its
low side effects. Naringin could be developed as a potential
therapeutic agent for prevention colitis and reduction the risk
of colonic cancers.

Inflammatory tumor microenvironment (ITME) has
recently received increasing attention due to its driving roles in
the development of cancers. ITME is a complex structure com-
posed of malignant cancer cells surrounded by a stroma con-
taining various inflammatory cells, endothelial cells, and
fibroblasts, etc.7 These stromal cells interact amongst them-
selves and with cancer epithelial cells, directly through cell-cell
contacts, and indirectly through paracrine/exocrine signaling,
release of cytokines, and chemokines. Among the inflammatory
cells, MDSCs which function as potent immune suppressive
activity are the major components. It is widely accepted that
during colitis, there are various activated immune cells in which
there is a vicious cycle of tissue destruction and repair due to
either irremovable injurious stimuli or a dysfunction.29 Persis-
tent infiltration of colonic MDSCs could inhibit CD8C T cells
to inhibit adenoma cells and their immunosuppressive func-
tions and is thus considered to promote colitis and adenomas.
MDSCs have potent suppressive effects on various T cell
responses and macrophages.18 Thus, activated MDSCs and
reduced T cells and macrophages together contribute to down-
regulation of immune responses in the colonic epithelial

barrier. Meanwhile, activated MDSCs suppress T-cell functions
through upregulation of many immune suppressive factors
which further promotes inflammatory response. Activated
MDSCs largely produce GM-CSF and M-CSF.18 In addition, a
reciprocal regulation was found between the accumulation of
MDSCs and their productions GM-CSF and M-CSF in colonic
inflamed mucosa.30 It is thus suggest a central role for GM-CSF
and M-CSF in the pathogenesis of colitis, leading to a complex,
chronic, relapsing, and remitting inflammatory condition in
colon tissues. MDSCs were also a major source of NF-kB, IL-6
and TNF-a which plays a key role in the immunosuppressive
function through activating the NF-kB/IL-6/Stat3 pathway
which further exacerbates colitis-associated carcinogenesis.18.30

In this study, naringin-treated mice presented strong inhibition
on colitis and colorectal carcinogenesis, showing reduced
MDSCs and their consequent inflammatory mediators, while
increase of CD8C T and CD4C T cells and macrophages. In
the same time, level of GM-CSF and M-CSF were strongly
reduced, thus resulting less severe inflammation. These results
demonstrated that naringin prevented colorectal inflammation
and adenomas mainly through inhibiting the infiltration of
MDSCs and the consequent inflammatory mediators.

It is widely studied that both robust ER stress and activation
of UPR are involved in the pathology of colitis and inflamma-
tion-driven carcinogenesis. Normally, ER regulates cell-intrin-
sic and cell-extrinsic stresses to adaptive ER protein-folding
machinery readily to handle secretory pathway.20 During coli-
tis, numerous environmental, physiological and pathological
insults could disrupt the steady state of ER protein-folding
environment to cause misfolding protein beyond tolerable
threshold, thus the ER-resident sensors trigger UPR to improve
ER protein-folding capacity. Robust ER stress confers survival
and advantages to carcinogenesis. In colitis and inflammation-
driven carcinogenesis model, continuous AOM/DSS exposure
produced robust ER stress, prolonging UPR activation owing
to unresolved misfolding protein, leading intestinal epithelial
cells to transform tumorigenesis through UPR activation as a
survival strategy through autophagy. Under ER stress, epithelial
cells might constantly adjust the sizes and shapes of their
organelles according to need. In colitis and inflammation-
driven carcinogenesis model, robust ER stress induces ER
expansion.31,32 On the other hand, expanded ER further allevi-
ates ER stress. In the same time, ER expansion generates a dou-
ble-membrane structure called phagophore. Upon phagophore,
ATG16L1 forms a complex with an ATG5-ATG12 conjugate,
which multimerizes and then lipidates LC3 (LC3-II). Auto-
phagy could counterbalance ER expansion during unfolded
protein response, facilitates cell survival and transform tumori-
genesis.33 Accumulating reports revealed that ER expansion is
mainly regulated by three major ER-spanning transmembrane
proteins: inositol-requiring enzyme 1a (IRE1a), PKR-like ER
kinase (PERK) and activating transcription factor 6a
(ATF6a).34 These sensors exhibit a similar activation mecha-
nism and regulate many unique and overlapping facets of the
ER stress response. Each is bound intraluminally to chaperone
GRP78 (BiP) which locks them in monomeric, inactive state.34

If misfold proteins exceed the folding capacity of ER-resident
chaperones, such as glycosylases and oxido-reductases, GRP78
would dissociate from IRE1a, PERK and ATF6a. These sensors
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subsequently drive mutually reinforcing signaling pathways to
correct the proteins. If the burden can be reduced quickly, cells
successfully adapt to the insult for survival through autophagy,
whereas insufficient clearance results in apoptotic cell death. In
model mice, continuous AOM/DSS induced robust ER stress,
thus activated autophagy and inflammation-driven carcinogen-
esis. Inhibition of UPR and ER stress responses is thus an
important therapeutic rationale for colitis and colonic can-
cer.32-34 Naringin reduced ER-stress-induced autophagy, there-
fore preventing colitis and inflammation-driven adenomas.

In conclusion, naringin, the naturally food containing compo-
nent, prevented AOM/DSS-induced mice colorectal inflammation
and carcinogenesis. The mechanisms of chemopreventive effects
were associated with its multiple biological activities including
anti-inflammation, anti-proliferation and prevention of the ER-
stress-induced autophagy in colorectal epithelium. Long term use
of naringin did not produce considerable adverse effects to mice.
We thus suggest that naringin could be developed a therapeutic
option for reducing the risk of CRC.

Materials and methods

Chemicals

Naringin (purity � 98%) was purchased from Sigma Chemi-
cal Co. (St. Louis, MO). Aspirin was also purchased from
Sigma with � 99.0% purity. Naringin and aspirin were dis-
solved in 5% sodium carboxymethyl cellulose (CMC-Na)
(Sigma) before use.

Animal care and diet

Male C57BL/6 mice (6 weeks old) were purchased from Charles
River Laboratories (Beijing, China). Mice were performed in
accordance with protocols approved by the Institutional Ani-
mal Care and Use Committee at Capital Medical University.
Mice were housed five per cage under specific pathogen-free
conditions and kept in an air-conditioned room with controlled
temperature (22 § 1�C), humidity (50%), and d/night cycle
(12 h light, 12 h dark). They were fed with standard mouse pel-
let diet, which contains 52% carbohydrate, 12% fat, 23% pro-
tein, 4% fiber, 6% ash, and 3% moisture.35 After one week of
acclimation, mice (6 wk old) were administrated either vehicle
(CMC-Na 5%, v/v), naringin (50 and 100 mg/kg) or aspirin
(100 mg/kg) by p.o. gavage daily (0.2 ml/10 g body weight).

Animal model of AOM/DSS–induced colitis
and inflammation-driven carcinogenesis

Forty male mice were divided four groups were then injected
intraperitoneally with AOM (10 mg/kg, Sigma) with regular
diet and water. Second d after injection of AOM, mice were
received 1.0% dextran sulfate sodium (DSS, MP Biomedicals)
in drinking water for one week, followed by two weeks of
receiving regular drinking water for recovery and then sub-
jected the mice to another 2 cycles DSS treatment. A group of
mice did not expose AOM/DSS were served as normal control.
An AOM/DSS only group which developed colitis and adeno-
mas was orally administered CMC-Na (0.2 ml/mouse). Two

treatment groups were orally administered naringin
(50 and 100 mg/kg/d). Aspirin (100 mg/kg/d) was served as a
positive control drug. Administration was started one week
after AOM injection using an oral Zonde needle for 8 consecu-
tive weeks. Mice were weighed and observed daily for any signs
of illness. DSS induced colorectal ulcerative inflammation was
scored as disease activity index (DAI) obtained based on weight
loss, stool consistency, and bloody excreta as follows: weight
loss score D 0: < 1%, 1: 1–5%, 2: 5–10%, 3:10–15%, 4: >15%;
stool consistency score D 0: normal, 2: loose, 4: diarrhea; blood
in excreta score D 0: normal; 2: reddish, 4: bloody.36

Tissue processing and colonic cancer scoring

Mice were sacrificed after 8 weeks administration and blood
was obtained from the postorbital venous plexus of the mice.
Whole colorectal tissues were removed and macroscopic
tumors were counted and measured with digital calipers under
the dissecting microscope based on size (diameter) into
1–2 mm, 3–5 mm and >5 mm. Portions of colonic tissues were
either snap-frozen in liquid nitrogen for Western blot analysis
or placed in 4% phosphate-buffered formalin for histopathol-
ogy/immunohistochemical (IHC) analysis.

Preparation of supernatant of colonic mucosa
and determination of protein concentration

Fresh colonic tissues were weighed and homogenised in PBS
(pH 7.2) at 48C. The supernatant of colorectal mucosa was
centrifuged and concentration of proteins was quantitatively
determined by using BAC 100 protein determination kit
(Sigma).

Isolation of colorectal immunocytes from colon tissues
and flow cytometry analysis

Colorectal immunocytes were isolated according to previous
report.18 Colonic tissues were separated and cut into small
pieces (2–3 mm). Intraepithelial immunocytes were separated
by incubating colorectal tissues in 0.015% dithioerythritol
(Sigma). For isolating immunocytes of lamina propria, the
remaining tissue was incubated with EDTA and digested by
digestion buffer (RPMI medium containing 5% FBS and
200 units/ml of collagenase (Gibco). Immunocytes were
enriched by using discontinuous (44% and 67%) percoll (GE)
separation method. Colorectal immunocytes were stained with
anti-CD11bCLy6CC (101206, 128008, Biolegend) to determine
monocytic myeloid-derived suppressor cells (M-MDSCs), anti-
CD11bCLy6GC (101206, 1127627, Biolegend) to granulocytic
myeloid-derived suppressor cells (G-MDSC). Anti-CD3C/
CD4C (100234, 100424, Biolegend) and anti-CD3C/CD8C

(100234, 100730, Biolegend) were used to determine T lympho-
cytes, anti-CD11bCF4/80C to determine macrophages.18 Flow
cytometric profiles were analyzed by counting 20,000 events
using Kaluza software program (Beckman Coulter).

Histopathology analysis

Histopathology was performed according to regular methods.
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Enzyme-linked immunosorbent (ELISA) assay

Levels of colonic tumor necrosis factor alpha (TNF-a), inter-
leukin-6 (IL-6), granulocyte-macrophage colony stimulating
factor (GM-CSF) and macrophage colony-stimulating factor
(M-CSF) were quantified by using sandwich ELISA kits,
according to manufacturer’s protocol. TNF-a kit and IL-6 kit
(583361) were purchased from Cayman Chemical. GM-CSF
(CSB-E04569m) kit and M-CSF kit (SB-E04659m) were pur-
chased from CUSABIO. The concentrations of these cytokines
were normalized to the total protein.

Western blotting assay

Western blotting assay was performed to determine the levels
of following proteins prepared from colonic mucosa. Equal
amounts of proteins were resolved by SDS-PAGE and trans-
ferred to PVDF membranes. After blocking in 5% non fat milk
for 1 h, the membranes were immunoblotted overnight at 4�C
with following primary antibodies: GRP78 (ab108615, Abcam),
ATF6 (65880), eIF2a (3294), P-eIF2a (3398), IRE1a (3294),
mTOR (2983), P-mTOR (5536), AKT (9272), P-AKT (9271),
ERK (4695), P-ERK (4370), NF-kB (8242), P-NF-kB (3033),
Ikka (11930), Ikkb (8943), P-Ikka/b (2697), IkBa (4814), P-
IkBa (2859), STAT3 (12640), P-STAT3 (9145), JAK2 (3230),
P-JAK2 (3776), COX-2 (12282), ATG3 (3415), ATG5 (12994),
ATG7 (8558), ATG12 (4180), ATG16L1 (8089), Beclin-1
(3738), mTor (2983), p-mTor (5536), Akt (9272), p-Akt
(9271), Erk (4695), p-Erk (4370), LC3B (L7543) and b-actin
(A1978, Sigma). The bound antibodies were visualized using an
enhanced chemiluminescence reagent and quantified by densi-
tometry using FluorChem FC3 image analyzer (Molecular
Devices). Densitometric analyses of bands were adjusted with
b-actin.

Statistical analysis

Data were described as mean § S.D. Statistical analysis was
done with SPSS/Win19.0 software (SPSS, Chicago, IL). Com-
parison between two groups of mice was conducted by two-
tailed Student’s t test. The incidence of colorectal neoplasms in
naringin-treated mice and aspirin-treated mice was analyzed
by comparison with total neoplasms as 100% in model mice. A
P value less than 0.05 was considered statistically significant.
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