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Background: Our previous study found that deletion of Sorting nexin 10 (SNX10) can 
protect against colonic inflammation and pathological damage induced by dextran sulfate 
sodium (DSS). This inspired us that modulation of SNX10 expression in colonic epithelial 
cells might represent a promising therapeutic strategy for inflammatory bowel disease (IBD).
Methods: Effective delivery of siRNA/shRNA to silence genes is a highly sought-after 
means in the treatment of multiple diseases. Here, we encapsulated SNX10-shRNA plasmids 
(SRP) with polylactide-polyglycolide (PLGA) to make oral nanoparticles (NPs), and then 
applied them to acute and chronic IBD mice model, respectively. The characteristics of the 
nanoparticles were assayed and the effects of SRP-NPs on mouse IBD were evaluated.
Results: High-efficiency SNX10-shRNA plasmids were successfully constructed and coated 
with PLGA to obtain nanoparticles, with a particle size of 275.2 ± 11.4mm, uniform PDI 
distribution, entrapment efficiency of 87.6 ± 2.5%, and drug loading of 13.11 ± 1.38%, displayed 
dominant efficiency of SNX10 RNA interference in the colon. In both acute and chronic IBD 
models, SRP-NPs could effectively reduce the loss of mice body weight, relieve the intestinal 
mucosal damage and inflammatory infiltration, inhibit the expression of inflammatory cytokines 
IL-1β, IL-23, TNF-α, and down-regulate the expression of toll-like receptors (TLRs) 2 and 4.
Conclusion: Oral nanoparticles of SNX10-shRNA plasmid displayed dominant efficiency 
of SNX10 RNA interference in the colon and ameliorate mouse colitis via TLR signaling 
pathway. SNX10 is a new target for IBD treatment and nanoparticles of SNX10-shRNA 
plasmid might be a promising treatment option for IBD.
Keywords: SNX10, IBD, shRNA, SRP-NPs, TLR

Introduction
Inflammatory bowel disease (IBD), including ulcerative colitis (UC) and Crohn’s 
disease (CD), is a chronic disease characterized by non-specific inflammation of the 
gastrointestinal tract, which is closely related to colon cancer which incidence is 
substantially increasing in recent years with the improvement of living standards.1,2 

However, the pathogenesis of IBD remains elusive. Numerous studies indicate that 
genetic susceptibility plays a very important role in IBD and colon cancer. Carrying 
genetic variants such as Nod2, IRGM, IL-23R, and XBP13 results in intestinal 
mucosal barrier imbalance, intestinal epithelial cell injury, and triggering IBD. 
Despite the growing number and variety of drugs currently under development, 
surgical resection of the colon is the only cure for UC.4–6 It is necessary to identify 
new potential targets for IBD therapy.

Sorting nexins (SNXs) are phosphoinositide-binding proteins containing 
a phoxhomology-domain, which play important roles in some physiological 
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processes such as protein sorting,7 intracellular sorting 
transduction,8 the transmembrane transport of macromole-
cules (extracellular and endocytosis),9 membrane remodel-
ing, and oncogenesis.10 Silencing SNX10 inhibits the 
differentiation of macrophages into osteoclasts.11 

Mutations in the human SNX10 gene can lead to autoso-
mal recessive hereditary osteopetrosis.12 Overexpression 
of SNX10 induced cells to form giant vacuoles, whereas 
vesicle trafficking inhibitor Brefeldin A suppresses the 
formation of the vacuoles, suggesting that SNX10 is 
involved in homeostasis and membrane trafficking.13 

SNX10/V-ATPase participates in the formation of visceral 
organs and cilia, suggesting that SNX10 may also have 
important functions in mammalian embryo development.14 

A series of studies reported that SNX10 links to autoim-
mune diseases including non-alcoholic fatty liver and 
rheumatoid arthritis.15–17 You et al,18 found the progres-
sion of ulcerative colitis was inhibited in SNX10−/- mice 
by regulating the differentiation of macrophages to M2 
type, and relieving intestinal inflammation and mucosal 
damage. As the starting point of IBD, the mucosal barrier 
system plays a crucial role in maintaining intestinal 
stability19 which consists of the mucus layer, epithelial 
cell junctional structures, and leukocyte activity. In the 
study of SNX10 and colon tumors, the correlation between 
SNX10 deficiency and changes in epithelial cells20,21 sug-
gests that SNX10 deletion might be the potential mechan-
ism for IBD treatment.

Specifically, knockdown corresponding proteins at the 
mucosal barrier by interfering RNAs (siRNAs) or short 
hairpin RNAs (shRNAs) is an attractive therapeutic 
strategy.22 But the challenges are the low stability of the 
nucleic acids which could result in its inactivation during 
delivery to target cells, and side effects or toxicity of oral 
drug systemic distribution. In addition, there is another 
challenge for oral formulations for IBD is how to avoid 
the side effects and toxicity of drug systemic distribution 
while delivering the drug to the colon site. The main 
strategies currently adopted are mainly based on the gas-
trointestinal tract, especially colon physiological 
conditions.23 Such as Sulfasalazine or Olsalazine, pro-
drugs of 5-aminosalicylic acid (5-ASA), rely on the activ-
ity of coliform bacteria to cleave pro-drugs into active 
moieties.24 Similarly, non-starch polysaccharide coatings, 
such as COLAL-PRED® (sodium prednisolone sodium 
sulfonate) systems, rely on enzyme-specific enzymatic 
degradation of colon bacteria.25 Another approach 
involves the use of a specific pH-soluble coating that relies 

on the pH gradient of the gastrointestinal tract to activate 
the release, whereas the time-dependent delivery system 
uses GI transit time as a guide to activate drug release. 
Recent drug advances have applied nanotechnology to oral 
dosage form designs to overcome the limitations of con-
ventional formulations26–29. Polylactide-polyglycolide 
(PLGA) nanoparticles, as a biodegradable material, can 
be useful tools to overcome these problems. siRNAs or 
shRNA-plasmids can be encapsulated into PLGA nanopar-
ticles which could protect loaded nucleic acids from enzy-
matic degradation by a three-phase degradation process.30 

On the other hand, drugs can be effectively delivered to 
the inflamed region due to the adhesion of nanoparticles to 
exert a better therapeutic effect.31–33 For example, the high 
efficiency of PLGA-5-ASA nanoparticles on targeted 
releasing after oral administration has been confirmed.34 

Here, we applied oral PLGA-nanoparticles to the delivery 
of shRNA plasmids of the novel IBD target SNX10 to 
achieve therapeutic effects with new mechanisms.

Toll-like receptors (TLRs) play an important role in 
innate immunity, and when TLRs recognize ligands, they 
dimerize to recruit downstream signaling molecules. The 
TIR domain of myeloid-differentiation factor 88 (MyD88) 
binds to the TIR of TLRs and its N-terminus can transmit 
signals downstream through the death domain (DD), even-
tually activating NF-κB and affecting the production of 
related inflammatory cytokines.35 And TLR mRNA levels 
are positively correlated with inflammatory activity.36 

Under normal conditions, the gut flora is recognized by 
TLR2 and TLR4 and controls IEC homeostasis.37 But in 
IBD, they tend to worsen the situation. Previous studies 
have also shown that IBD induced by IL-10 deletion is 
dependent on the TLR/MyD88 signaling pathway and that 
the loss of TLR2 and TLR4 is beneficial in reducing the 
DSS-induced colitis. Some clinical studies have shown 
that elevated mRNA and protein levels of TLR2 were 
detected in the cytoplasm of UC patients;38,39 TLR4 
expression was highly up-regulated in the ileum and rec-
tum of UC patients and in the terminal ileum of CD 
patients.40 Accumulating evidence suggests that TLR sig-
naling is closely related to IBD.41

Based on this background, we successfully prepared oral 
SNX10-shRNA plasmid (SRP) PLGA nanoparticles (NPs) 
and observed its curative effect on mouse colitis. We found 
that SRP-NPs could effectively inhibit the inflammatory 
reaction and tissue damage in mice with acute and chronic 
IBD. In intestinal epithelial cells, SRP-NPs could inhibit the 
phosphorylation of p38, down-regulate the expression of 
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TLR2 and TLR4, and affect downstream signaling path-
ways, which might be the mechanisms that SRP-NPs could 
reduce excessive inflammation.

Materials and Methods
Cells and Mice
RAW264.7 and HCT-116 cells were purchased from the Cell 
Culture Collection of Chinese Academy of Sciences. 
RAW264.7 was cultured in DMEM containing 10% FBS 
and HCT-116 cells were cultured in 1640 medium with 10% 
FBS, 37°C, 5% CO2.C57BL/6 male mice (8 weeks old, 20 ± 
2g of body weight) were purchased from Shanghai 
Biomodel Organism Science and Technology Development 
Co., Ltd., IL10−/- male mice (8 weeks old, 20 ± 2g body 
weight) were purchased from Jackson Laboratory, USA. 
Mice were maintained in the Animal Experiment Center of 
the School of Pharmacy, Fudan University. All animal pro-
cedures were performed following the Guide for the Care 
and Use of Laboratory Animals published by the National 
Institutes of Health (NIH) and were approved by the Ethics 
Committee of the Experimental Research, Shanghai Medical 
College, Fudan University. All efforts were made to reduce 
the number of animals used and to minimize animals’ 
suffering.

Construction of SNX10-shRNA Plasmid 
(SRP)
The interference sequence of SNX10 is S3. 5ʹ- 
CAGGGCTTGGAAGATTTCCTCAGAA. The vector 
information is GV102, hU6-MCS-CMV-GFP-SV40- 
Neomycin.

Evaluation of SRP Interference Efficiency
HCT-116 cells in the logarithmic growth phase were 
digested with 0.25% trypsin and passaged at a ratio of 1: 
3 (RAW264.7 cells were blown down and passaged at the 
same ratio). The SRP was coated with Lipofectamine 3000 
Reagent (Invitrogen) Transfection at 1: 1ratio, added to the 
attached cells, and incubated for 48 hours, cell RNA was 
extracted and used for qRT-PCR analysis.

Preparation of SRP-NPs
200 mg of PLGA was dissolved in 1 mL of dichloro-
methane, then mixed with 200 mL (500 ng/µL) of the 
plasmid-containing solution and dissolved it by sonication. 
Followed by adding 2 mL solution containing 1% PVA, 
10% sucrose, and sonicated, then added to a solution 

containing 0.5% PVA, 10% sucrose, dissolved 5–10 min, 
and rotary evaporation to remove the organic solvent for 4 
h. The final solution was centrifuged at 14,500 rpm for 45 
min at 4°C, then frozen at −80°C for 4 h, and lyophilized 
for 48 h.

SRP-NPs Characterization Measurement
The PLGA-SNX10-shRNA particle size and distribution 
were detected by a Malvern Zetasizer 3000E laser particle 
size analyzer. SRP-NPs suspension was slurried on a glass 
slide, air dried, sprayed with gold, and then the nanopar-
ticles were carefully observed with an electron 
microscope.

Determination of Encapsulation Efficiency 
and Drug Loading
The supernatant was collected when the nanoparticles were 
prepared, the volume of the solution was accurately deter-
mined, and the absorbance of the solution was measured by 
an ultraviolet spectrophotometer to obtain the content of the 
SRP-NPs free from the supernatant. Encapsulation effi-
ciency was calculated according to the formula:

EN% ¼ ð1 � Cf=CtÞ � 100% 

EN, entrapment efficiency; Cf, Free drug concentration; 
Ct, Total concentration.

The drug loading was calculated according to the 
formula:

LE %ð Þ ¼We=Wm � 100% 

LE, percentage of drug loaded in the liposomes; We, dose 
encapsulated in the liposomes; Wm, the total weight of the 
drug loaded liposomes.

Stability of Nanoparticles
The optimized SRP-NPs suspension prepared by centrifu-
gation was centrifuged and the NPs pellets were dispersed 
in 50 mL phosphate buffer (PBS, pH 6.8, 7.0, 7.4, 7.6, 7.8) 
at different pHs respectively, then sit at room temperature 
for 0.5, 1, 1.5, 2, 3, 4, 5, 6, 7, 8, 9, 10, 12, 14, 16 days 
respectively. UV-Vis was used to detect the nanosuspen-
sion at different wavelengths of light transmittance. T/Ti% 
is the ratio of the transmittance of SRP nanoparticles 
measured at their respective pH to the transmittance of 
nanoparticles in deionized water.
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Detection of SRP-NPs’ Efficiency in vivo 
and in vitro
Experiments were performed on human HCT-116 cells and 
murine RAW264.7 cells, respectively. The drugs were 
given according to the control group (1 mg/mL MP-NPs), 
low dose group (0.2 mg/mL SRP-NPs) and high dose group 
(1 mg/mL SRP-NPs). After 10 hours, the medium contain-
ing drug was replaced with normal medium for 48 h, and 
RNA was extracted for qRT-PCR to detect the expression of 
SNX10 at the mRNA level.

Twenty-four C57BL/6 mice were randomly divided 
into three groups: control group (intragastric administra-
tion of 3 mg/20g of MP-NPs), low dose group (1 mg/ 
20g of SRP-NPs), and high dose group (3 mg/20g of 
SRP-NPs). After three consecutive days of administra-
tion, mice were sacrificed and the heart, spleens, lungs, 
liver, kidneys, small intestine, and colon were collected, 
and total RNA was extracted for qRT-PCR. The Ri/R 
ratio was calculated to evaluate the effects of oral SRP- 
NPs on different organs.

Establishment of Acute IBD Mouse Model
Forty C57BL/6 mice were randomly divided into 5 
groups: normal group, disease model group, blank 
group, low dose group, and high dose group. 3 days 
prior to modeling, mice were treated by intragastric 
administration of 3 mg/20g/day of MP-NPs for mice in 
the blank group, 1 mg/20g/day of SRP-NPs for mice in 
the low dose group, and 3 mg/20g/day of SRP-NPs for 
mice in high dose group. All except the normal group 
were given a free drink of 2.5% (w/v) DSS solution for 
seven days. Mice were sacrificed by cervical dislocation, 
mice colon were collected.

Establishment of Chronic IBD Mouse 
Model
After gene identification, IL10−/- mice were divided into 
normal KO group, disease model group, blank control 
group, low dose group, and high dose group. From three 
days before the DSS modeling, mice were intragastrically 
treated by SRP-NPs at the above-mentioned concentra-
tions and then fed by the diet containing Piroxicam (200 
ppm) (except the control WT and the KO group) for 4 
days, followed by normal diets with re-administration of 
SRP-NPs every 14 days after the first administration for 2 
months before sacrificed.

Western Blot
An equal amount of proteins (30 μg) were separated on 
10% of SDS-PAGE, then were transferred onto nitrocellu-
lose membranes (Millipore). Membranes were blocked in 
2% BSA-TBS buffer for 1 h, RT, then incubated with the 
desired primary antibody overnight at 4°C, followed by 
incubation with appropriate secondary antibodies for 
1 hour at room temperature. Blots were developed using 
enhanced chemiluminescence (Yesen, Shanghai) and 
visualized with the GeneGnome XRQ (Syngene). The 
specific primary antibodies used in Western blotting ana-
lysis are as follows: TLR4 (1:1000, Abcam), TLR6 
(1:1000, Abcam), TLR9 (1:1000, Abcam), SNX10 
(1:500, Santa Cruz), MyD88 (1:1000, Abcam), IκB 
(1:1000, Abcam), p-p38 (1:1000, CST), β-actin (1:1000, 
Beyotime, China).

RT-qPCR
For RT-qPCR analysis, the cells or tissues were lysed in 
Trizol reagent to extract total RNA, followed by reverse 
transcription using HiScript II 1st Strand cDNA Synthesis 
Kit (Vazyme Biotech, Shanghai). Real-time PCR was per-
formed by using ChamQ SYBR qPCR Master Mix 
(Vazyme Biotech, Shanghai). The profile of thermal 
cycling consisted of initial denaturation at 95°C for 2 
min, and 40 cycles at 95°C for 15 s and 60°C for 30s. 
Primers were synthesized from Invitrogen. The specificity 
of each primer pair was confirmed by melting curve ana-
lysis and agarose-gel electrophoresis. β-actin was used as 
an internal control.

ELISA
The blood of mice was let stand for 2h, centrifuged for 15 
min at 3000 rpm to collect serum. The samples above were 
analyzed of protein activity with ELISA kit as the manu-
facturer’s (DAKAWE) protocol.

Statistics
Statistical analyses were performed using SPSS 13 
(Statistical Program for Social Sciences). The Independent- 
Samples t-test or nonparametric Mann–Whitney U-test were 
used to compare the two groups, and a one-way ANOVA 
followed by Bonferroni post hoc test for multiple compar-
isons was used. P < 0.05 was the significance level. All the 
numerical data presented are representative of at least 3 
repeat experiments and are expressed as mean ± SEM.
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Results
Preparation and Characterization of 
SRP-NPs
We designed an interference sequence (3.5ʹ- 
AGGGCTTGGAAGATTTCCTCAGAA) of human 
SNX10 mRNA and expressed it into the GV102 vector 
(hU6-MCS-CMV-GFP-SV40-Neomycin) (Figure 1A). 
The interference efficiency of SRP in human colon cancer 
epithelial cell line HCT116 and mouse mononuclear 
macrophage leukemia cell lines RAW264.7 were tested. 
The expression efficiency of SNX10 was 92.36 ± 6.88% in 
the Mock group and 21.39 ± 5.26% in the SRP interfer-
ence group compared with that in the control group of 

HCT-116 cells, respectively. Compared with that in the 
control group in RAW264.7 cells, the efficiency of 
SNX10 expression was 94.42 ± 12.75% in the mock 
group, and 25.69 ± 4.87%in theSNX10-shRNA group 
(Figure 1B). In order to ensure that the SRP could be 
successfully delivered to the colon, we utilized a PLGA 
material that had adhesion to the intestinal mucosa to 
encapsulate the SRP into nanoparticles by using a double 
emulsion-solvent evaporation method, which is a well- 
established technique for fabricating drug-loaded nanopar-
ticles. The inner aqueous phase (containing SRP) was 
added to the organic phase (containing PLGA) to form 
a first water/oil emulsion under sonication. We then added 
this first emulsion to the aqueous phase (containing PVA) 

Figure 1 Experiments of preparation, characterization, and stability of SNX10-shRNA plasmids nanoparticles. (A) Schematic illustration of SRP-NPs. (B) After 48 h of 
transfection, the expression of SNX10 in RAW264.7 and HTC-116 cells was determined by qRT-PCR. Determination of (C) particle size, (D) PDI values, (E) ζ-potential, (F) 
entrapment efficiency, (G) drug loading of SRP-NPs at different weight ratios. (H) SEM photo of SRP-NPs at the weight ratio of 1 showed that the nanoparticles are spherical 
and uniform particle size of about 275 nm, consistent with the measured data by particle size analyzer. Bars=1000 nm. (I) The turbidity of the nanoparticles was measured by 
the turbid metric method to investigate the stability under different pH storage conditions. *P < 0.05, **P < 0.01, ***P < 0.001 vs control group, ns- not significant.
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and performed sonication to form a water/oil/water emul-
sion based on the Gibbs-Marangoni effect and a capillary 
breakup mechanism. Next, organic solvent (dichloro-
methane) was removed by evaporation to finally obtain 
PLGA micro/nanoparticles. The method could change the 
particle size by ultrasonic time, power, emulsifier concen-
tration, and stirring speed. When the stirring speed reached 
10,000 r · min−1 and the PVA concentration was 9%, the 
particle size could be controlled below 300 nm. The seal 
rate could reach more than 90%.42

To optimize the ratio of oil to water, parameters of the 
nanoparticles in different ratios were measured (Figure 
1C–G). With the increase of the mass ratio of PLGA/ 
water phase, the particle size, zeta potential, and drug 
loading increase, while the entrapment efficiency of 
drugs decreases. However, the loading of nanoparticles 
has a certain threshold. Once this threshold is exceeded, 
the nanoparticles will not completely encapsulate the drug, 
leading to little increase or even reduction in encapsulation 
efficiency and drug loading. Considering the particle size 
of nanoparticles, drug loading, encapsulation efficiency, 
and PDI, the NPs at weight ratio 1 was the most suitable 
choice. The prepared nanoparticles had a particle size of 
275.2 ± 11.4 nm and a uniform particle size distribution. 
The diameters of the nanoparticles are concentrated at 
265–285 nm and the zeta potential is 31.2 ± 1.5 mv. The 
entrapment efficiency of SRP was 87.6 ± 2.5% and drug 
loading was 13.1 ± 1.4%. SEM photo showed that SRP- 
NPs were spherical and had a uniform size at about 275 
nm (Figure 1H), which was consistent with the previous 
test data.

The turbid metric method was used to investigate the 
stability of nanoparticles under different pH conditions by 
measuring the turbidity of the nanoparticles. Graphs were 
drawn by measuring the relative light transmittance (T/Ti 
%) of the nanoparticles at different pH conditions within 
16 days. In the pH 6.8–7.8, the T/Ti value of SRP did not 
change much in 16 days (Figure 1I), indicating that SRP 
can be stored in the above pH conditions.

SRP-NPs Reduce Expressions of SNX10 
in vitro and in vivo
SRP-NPs were applied to HCT-116 and RAW264.7 cells 
and their interference efficiency was tested. The results 
showed that compared with that in the control group, the 
expression of SNX10 mRNA in HCT-116 cells was 
decreased by relatively 48% and 95% in the low-dose 

and high-dose groups, respectively. In RAW264.7 cells, 
SNX10 mRNA expression was decreased by 52% in the 
low-dose group and by 97% in the high-dose group. These 
results indicated that SRP-NPs could suppress the expres-
sion of SNX10 in both epithelioid cells and macrophages 
in a dose-dependent manner (Figure 2A).

To monitor cellular uptake of SRP-NPs in HCT116, we 
employed TOTO-3 red fluorescence dyed plasmid for 
visualization of intracellular distribution and localization 
of plasmid and gene carriers. The results showed that, in 
comparison with untreated control groups, cells now with 
SRP only displayed minimal TOTO-3 fluorescence signal. 
However, cells that were subjected to high-dose SRP-NPs 
exhibited much more red fluorescence internalization, 
indicating efficient cellular uptake of nanoparticles 
(Figure 2B).

In vivo, SNX10 mRNA expression of mice colonic 
mucosa in the high-dose group decreased by about 78%, 
indicating that high-dose SRP-NPs significantly inhibited 
SNX10 expression in the colon (Figure 2C), but not in the 
lungs, stomach, liver, and spleen. There was no significant 
change of Ri/R in the small intestine which was about 0.7 
(Figure 2D).

SRP-NPs is Effective in Acute IBD Models
To observe the effects of SRP-NPs on IBD, we treated 
mice with DSS and administered blank, low-dose, and 
high-dose drugs respectively. As shown in Figure 3A, the 
mice body weight changes in the drug group were signifi-
cantly higher than that in the model group and the blank 
group, and the high-dose group was higher than the low- 
dose group. This protective effect was also displayed in 
the colon length of mice (Figure 3B). The proximal colon 
was harvested for histopathology (Figure 3C). According 
to previous studies,43 colon mucosa damage index (CMDI) 
scoring was assessed in a blinded fashion. Compared with 
the normal group, the histopathological characteristics, 
such as damage of epithelial cells and recesses, infiltration 
of a large number of inflammatory cells, were obviously 
observed in the model group and the blank group, but in 
the drug groups, those damages were significantly relieved 
(Figure 3D). The efficiency of SRP-NPs on SNX10 
mRNA expression in colon mucosa was confirmed by RT- 
qPCR. As shown in Figure 3E, SNX10 mRNA was 
obviously reduced in SRP-NP treated groups in a does 
dependent manner.

We examined mRNA levels of inflammatory cytokines 
and found it significantly increased in the IBD model, and 
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IL-1β, TNF-α, and IL-23 expression were decreased in the 
drug-treated group (Figure 4A). ELISA tests on peripheral 
blood serum yielded similar results (Figure 4B). These 
data suggest that SRP-NPs can effectively suppress the 
systemic inflammatory response caused by acute colitis 
with dose-dependence.

SRP-NPs is Effective in Chronic IBD Mice
Mice deficient of IL-10 develop chronic colitis under con-
ventional conditions. However, the incidence of sponta-
neous colitis in IL-10−/-mice on a colitis resistant C57BL/ 
6J inbred background is low and prolonged. Here, we use 
piroxicam to accelerate the course of IL-10-deficient mice, 

Figure 2 Interferenceefficiency of SRP-NPs in vivo and in vitro. (A) Experiments were performed on human HCT-116 cells and murine RAW264.7 cells, respectively. Con 
means the control group (1 mg/mL MP-NPs), L means the low dose group (0.2 mg/mL SRP-NPs) and H means the high dose group (1 mg/mL SRP-NPs). The level of SNX10 
mRNA was detected by qRT-PCR after 48 h of treatment. (B) HCT116 cells were incubated with PBS, naked SRP (containing an equivalent amount of SRP-NPs in the high 
dose group), and SRP-NPs for 1, 8 h, and then cellular uptake of TOTO-3-labeled nanoparticles was determined by a confocal microscope. (C) After 3 days of oral 
administration, the expression of SNX10 of colon mucosa was determined by qRT-PCR. Con (control groups, 3 mg/20 g, MP-NPs); L (low dose group, 0.2 mg/20 g, SRP-NPs) 
; H (high dose group,3 mg/20g, SRP-NPs). *P < 0.05, **P < 0.01, ***P < 0.001 vs the control group or L group. (D) Mice (n=16) were randomly divided into two groups. The 
control group received 3 mg/20 g of MP-NPs, and the drug group received 3 mg/20 g of SRP-NPs. After 3 days of oral administration, the expression of SNX10 of several 
organs was determined by qRT-PCR. Ri/R: Value of SNX10 mRNA relative to the control group.**P < 0.01 vs control group.
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a method that has been reported to resemble human IBD 
with regard to its heterogeneous pathogenesis and the 
importance of IL-10 deficiency and decreased epithelial 
integrity in disease development.

We administered SRP-NPs orally to mice on the 
basis of this model and conducted measurements similar 
to the previous model. The results showed that, com-
pared with the model group, the expression of SNX10 
mRNA in the drug group mice was effectively inhibited 
(Figure 5E). In addition, we found significant increases 
of SXN10 mRNA levels in the model group compared 
with the control group (Figure 5E), indicating that colo-
nic inflammatory environment can up-regulate the 
expression of SNX10. In body weight change, colon 
length, pathological analysis, tissue and peripheral 

blood inflammatory cytokines, all the administration 
groups showed relief of the conditions (Figure 5A– 
D and 6A and B). In the chronic IBD model, SRP- 
NPs also played a therapeutic role in a dose-dependent 
manner.

SRP-NPs Down-Regulate the TLR 
Signaling Pathway
We conducted a preliminary investigation of the mechanism 
of SRP-NPs’ therapeutic effect on IBD. As innate immune 
receptors, TLRs, when activated by pathogen-associated 
molecular patterns (PAMPs), evoke a potent pro- 
inflammatory response involving rapid induction of 
MyD88 and NF-κB-dependent signaling pathways, and the 
resultant expression of a broad array of pro-inflammatory 

Figure 3 The effects of SRP-NPs on an acute mouse model of IBD. (A) 40 mice were randomly divided into five groups with eight mice in each group: Normal, DSS, DSS + 
Mock (3 mg/20 g MP-NPs), DSS + L (1 mg/20 g SRP-NPs), and DSS + H group (3 mg/20 g SRP-NPs). After 3 days of continuous administration as described above, 2.5% DSS 
was administered. Weight loss was measured daily and expressed as the average percentage of initial body weight ± SEM. (B) The length of colons from mice was measured 
on day 7 after euthanasia. (C) Representative histological images of mice on the 7th day were compared. (D) Colon mucosa damage index (CMDI) scoring was assessed in 
a blinded fashion. (E) The mRNA expression of colon mucosa SNX10 was measured by qRT-PCR. *P<0.05, **P < 0.01, ***P < 0.001 vs DSS+Mock group; #P < 0.05, ##P <  
0.01vs Normal group; n = 8 in each group.
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adhesion molecules, chemokines, and cytokines.44 Previous 
studies have also shown that IBD induced by IL10 deletion 
is dependent on the TLR/MyD88 signaling pathway45 and 
that the loss of TLR2 and TLR4 is beneficial in reducing 
DSS-induced colitis.46 Therefore, we speculated that SRP- 
NPs might improve IBD by downregulating the TLR 

signaling pathway. LPS (1 μg/mL) was added into HCT- 
116 cells medium to mimic the inflammatory environment. 
p38 kinase pathways were involved in TLR2 mRNA up- 
regulation.47 The expression of TLR2 and TLR4 was sig-
nificantly reduced, which led to a decrease in recruitment of 
Myd88 and an increase in intracellular IκB (Figure 7A and 

Figure 4 Levels of inflammatory cytokines in acute IBD models. (A) The mRNA expression of IL-1β, TNF-α, and IL-23 of colon mucosa were measured by qRT-PCR. (B) 
The concentration of IL-1β, TNF-α, and IL-23in the serum of mice were measured by ELISA.*P<0.05, **P < 0.01vs DSS+Mock group; #P < 0.05, ##P < 0.01vs Normal group; 
n = 8 in each group.

Figure 5 The effects of SRP-NPs on a chronic mouse model of IBD. (A) 40 IL10−/-mice were randomly divided into five groups with eight mice in each group: KO, Mod, Mod 
+ Mock (3 mg/20 g MP-NPs), Mod + L (1 mg/20 g SRP-NPs), and Mod + H group (3 mg/20 g SRP-NPs).After 3 days of continuous drug administration as described above, 
piroxicam (200 ppm) was added to the diet for 4 days. Weight loss was measured for 60 days and expressed as the average percentage of initial body weight ± SEM. (B) The 
length of colons from mice was measured at day 60 after euthanasia. (C) Representative histological images of mice on the 60th day were compared. (D) Colon mucosa 
damage index scoring (CMDI) was assessed in a blinded fashion. (E) The mRNA expression of SNX10 of colon mucosa was measured by qRT-PCR. *P<0.05, **P < 0.01, ***P  
< 0.001 vs Mod+Mock group; ##P < 0.01, ###P < 0.001 vs KO group; n = 8 in each group.
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B). A previous study47 has shown that increased TLR2 
mRNA expression in stimulated T cells can be antagonized 
by MAP kinase inhibitors.47 And in our study, we also found 
that phosphorylation of p38 was reduced, which might con-
tribute to the decreased expression of TLR2 and TLR4.

Discussion
IBD is a chronic recurrent disease of unknown etiology, with 
an increasing worldwide incidence year by year. But so far the 
treatment of IBD still depends on surgical resection with a high 
recurrence rate and lacks completely curable drugs. Clinical 

Figure 6 Levels of inflammatory cytokines in chronic IBD models. (A) The mRNA expression of IL-1β, TNF-α, and IL-23 of colon mucosa were measured by qRT-PCR. (B) 
The concentration of IL-1β, TNF-α, and IL-23 in the serum of mice were measured by ELISA. *P<0.05, **P < 0.01, vs DSS+Mock group; #P < 0.05, ##P < 0.01vs Normal group; 
n = 8 in each group.

Figure 7 SRP-NPs down-regulate the TLR signaling pathway. (A) HCT116 cells were treated with LPS at 1 ug/mL for 0.5 h and SRP at 500 μg/mL. After 6 hours, the mRNA 
expression of TLR2, TLR4, and TLR9 of cells was measured by qRT-PCR. #P<0.05, ##P<0.01 vs control group; *P<0.05 vs LPS. (B) The above-treated cells were treated in 
radio-immunoprecipitation assay buffer (RIPA), and total or membrane proteins were extracted for Western blot analysis.
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drug treatment usually uses salicylic acid inhibitors, immuno-
suppressive agents, and biological agents. 5-ASA lacks treat-
ment for CD and causes side effects such as rash and 
neutropenia; Corticosteroids are only useful in the treatment 
of acute attacks but ineffective in maintaining remission on 
UC; Immunosuppressive agents such as Azathioprine and 
6-mercaptopurine effect slowly, and Cyclosporin A shows 
quick effects but is prone to cause serious adverse reactions. 
Since the introduction of biologics, therapeutic standards have 
shifted from non-specific immune modulators to signal-based 
anti-inflammatory therapies.48,49 TNF inhibitors and anti- 
integrins have initiated a new therapeutic era in the treatment 
of flares and maintenance of clinical remission, but they are 
effective only in some certain subgroups of patients.50 Indeed, 
a significant number of patients relapse after cessation of 
treatment.51 Therefore, looking for an alternative therapeutic 
target beyond TNF has become a central issue in the current 
research. At present, there are some drugs that target IL-6, IL- 
23, JAK1/JAK3, SMAD7, α4/β7, and S1P1/S1P5 in clinical 
research.

We have been concerned about the SNX10, a PX 
domain-only phosphoinositide-binding protein, which has 
been proved to be associated with a variety of autoimmune 
diseases. A study has shown that deletion of SNX10 can 
effectively prevent DSS-induced inflammation and patho-
logical damage in the colon of mice.18 We tried to find 
a direct and effective means of interference to prove the 
potential of SNX10 as an IBD target.

RNAi technology has been widely used in gene therapy at 
present, which mainly achieves the effect of treating diseases 
by inhibiting the over-expression of pathogenic genes while 
avoiding the adverse effects of using antibodies directed 
against signaling pathways. Compared with the previous anti-
sense nucleotide technology, RNAi displayed the advantages 
of high accuracy, efficiency, and small side effects. RNAi often 
only requires a small amount of RNA, which can effectively 
and specifically interfere with the expression of a certain gene 
in an organism. There are already some drugs that use RNAi 
technology under clinical trials, for example, siRNA-027 can 
specifically inhibit the expression of sFlt-1 mRNA to inhibit 
the development of new blood vessels in the vessels.52

RNAi can be achieved by constructing the SNX10-shRNA 
plasmid (SRP), but it requires a carrier that can deliver the SRP 
precisely to the colon to avoid the fate of degradation else-
where in the GI tract and the potential threat of systemic 
effects. Here, we chose PLGA, an orally administered bioad-
hesive material, to prepare the SRP-NPs by double emulsion 
volatilization. PLGA nanoparticles have a certain dependence 

on the particle size, so we select the best conditions through 
a series of measurements. The final nanoparticles with 
a diameter of about 275 nm, displayed a good PDI, encapsula-
tion efficiency, and drug loading. In both human and murine 
cells, SRP effectively interferes with SNX10 mRNA expres-
sion. In normal mice, SRP-NPs efficiently interfered with 
SNX10 mRNA expression only in the colon rather than other 
organs, demonstrating that SRP was effectively delivered to 
the colon by the nanoparticles.

In this study, we mainly evaluated the effects of SRP 
on two colitis models, the acute IBD induced by DSS and 
the chronic IBD induced by IL-10 knockout. Our results 
showed that SRP-NPs could alleviate the mice body 
weight loss and colon pathological damage in both mod-
els, and down-regulate colonic mucosa mRNA and periph-
eral blood concentration of IL-1β, IL-23, and TNF-α.

The therapeutic mechanism of SRP-NPs is worthy of 
discussion. The aforementioned mention that SXN10 can 
affect IBD by affecting the polarization of macrophages 
may not be suitable here. We hypothesize that SRP-NPs 
exert anti-inflammatory effects through signaling path-
ways that exist in epithelial cells. Toll-like receptors in 
intestinal epithelial cells play an important role in IBD as 
PAMPs receptors, and TLR-MyD88-NF-κB is a classic 
signaling pathway for inflammation. Through the stimula-
tion of LPS, we found that SRP-NPs can directly affect the 
expression of TLR2 and TLR4 in the HCT-116 cells, 
consistent with a study that pointed out that MAP kinase 
inhibitors can reduce the expression of TLR2 mRNA.47

Conclusion
Oral nanoparticles of SNX10-shRNA plasmid display 
dominant efficiency of SNX10 RNA interference in the 
colon and ameliorate mouse colitis via TLR signaling 
pathway. SNX10 is a new target for IBD treatment and 
nanoparticles of SNX10-shRNA plasmid might be 
a promising treatment option for IBD.
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