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Introduction

Intestinal acute graft-versus-host disease (aGVHD) 
is one of the most fatal complications in the early 
stage after allogeneic hematopoietic stem cell trans-
plantation (allo-HSCT)1. The main manifestations are 
intractable diarrhea, severe colitis, hematochezia and 
intestinal obstruction, which can be life-threatening. 
Autophagy is the process by which a cell phagocy-
toses its own cytoplasmic proteins or organelles via 
encapsulation into vesicles, which fuse with ly-
sosomes to form autophagic lysosomes that de-
grade the encapsulated contents. Our previous 
work suggests that autophagy protects the intes-
tinal mucosa by degrading damaged organelles 
and other substances, which slows aGVHD pro-
gression2. Some studies5,6 have shown that syn-
taxin 3 (STX3) affects autophagy4 by regulating 
the PTEN-PI3K-AKT-mTOR signaling pathway. 
In addition, STX3 is associated with congenital 
diarrhea disorders7 and intestinal epithelial differ-
entiation diseases8,9 and plays a role in the pro-
tection of the intestinal mucosa10. LncRNAs can 
act as miRNA sponges, whereby they regulate the 
target genes of miRNAs by binding the miRNAs 
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and reducing their “silencing effect” on the tar-
get genes. These lncRNAs are also referred to as 
competitive endogenous RNAs (ceRNAs). Some 
studies have reported that the ceRNAs play an 
important role in hematological diseases11. In re-
cent years, lncRNAs have been demonstrated to 
affect aGVHD. Therefore, we investigated wheth-
er lncRNAs can influence aGVHD pathology by 
regulating STX3-mediated autophagy.

Materials and Methods

Reagents and Antibodies
The lncRNA expression plasmid and negative 

control (NC) plasmid, the lncRNA wild type and 
lncRNA mutant Dual-Luciferase reporter plas-
mids, the STX3 wild type and STX3 mutant Du-
al-Luciferase reporter plasmids, the lncRNA-spe-
cific RT-PCR and quantitative RT-PCR (qRT-PCR) 
primers and the STX3 RT-PCR primers were ob-
tained from Jierui Bioengineering Company, Lim-
ited (Shanghai, China). AKT1 rabbit monoclonal 
antibody (mAb) (A17909), phospho-AKT1-S473 
rabbit mAb (AP0637), mTOR rabbit polyclonal 
antibody (pAb) (A11355), phospho-mTOR-S2448 
rabbit pAb (AP0094), mouse anti-Bcl-2 antibody 
(bsm-33047M), STX3 pAb (15556-1-AP) and 
PTEN rabbit pAb (A2113) were purchased from 
Seville Biotechnology Company, Limited (Wu-
han, Hubei, China). All-in-one miRNA qRT-PCR 
detection kits were purchased from GeneCopoe-
ia (Rockville, MD, USA). MAbs against LC3-II, 
LC3-I, Beclin-1, P62, p-AMPK, AMPK, mTOR 
and GAPHD were purchased from Affinity Bio-
sciences (Cincinnati, OH, USA). RIPA lysis buf-
fer, avidin-biotinylated peroxidase, DAB, bovine 
serum albumin, polycarbonate lucifer yellow 
(dextran), the reverse transcription kit, the Mil-
licell system and fluorescence plate reader were 
provided by Sparkjade (Jinan, Shandong, China). 
Rabbit anti-LC3B antibody was purchased from 
Abcam (Cambridge, UK). Alexa Fluor 488-con-
jugated AffiniPure goat anti-rabbit antibody and 
Cy3-conjugated goat anti-rabbit secondary anti-
body (BOSTER Biological, OH, USA) was used.

Induction of the Mouse Model
The mice were purchased from Beijing Weitong 

Lihua Experimental Animal Technology Co., Ltd. 
(animal production license number was SCXK 
(Beijing) 2012-0001). Ten healthy Balb/c H-2d male 
mice were used as donors (weighing 18-22 g and 
aged 8-10 weeks), and 56 CB6F1 female mice were 

used as transplant recipients (weighing 18-22 g and 
aged 8-10 weeks); all mice were housed in SPF con-
ditions. Inbred Balb/c H-2d mice were sacrificed by 
cervical dislocation, and bone marrow and spleen 
mononuclear cells were aseptically collected. Next, 
CB6F1 mice were irradiated once with 60Co X-rays, 
and then subjected to HSCT by infusing via tail vein 
the mononuclear cell suspension (1×107 bone mar-
row cells + 1×107 spleen cells) obtained from donor 
Balb/c mice (above)12. The mice were randomly di-
vided into a control group and a model group.

After the model was established, the clinical 
score for aGVHD was determined by observing 
weight loss, posture, activity, hair, skin integri-
ty, and stool on the 15th day after transplantation 
using criteria established by Cooke et al13. Small 
intestinal tissues were collected from mice for 
histological analysis of the mucosa and scoring of 
pathological inflammation. 

Immunohistochemical Staining for STX3, 
PTEN, mTOR and LC3

Tissues of the small intestine (2-3 cm) were fixed 
with 70% ethanol overnight and then embedded in 
paraffin. The tissues were sliced into sections at a 
thickness of 4-6 μm before they were rinsed three 
times in PBS for 5 min and treated with 3% hydro-
gen peroxide in PBS for 15 min at 37°C to block 
endogenous peroxidase activity. The samples were 
then blocked with 5% bovine serum albumin and 
incubated with primary antibody in a humidified 
chamber at 4°C overnight. After several washes, 
the sections were incubated with secondary anti-
body for 60 min at 37°C, rehydrated in PBS and in-
cubated with avidin-biotinylated peroxidase com-
plex for 45 min at 37°C. After washing with PBS, 
peroxidase activity was evaluated by treating the 
sections with the chromogen DAB.

Luciferase Reporter Constructs and 
Luciferase Activity Assay

The direct interactions between the constitu-
ents of the lnc-AC145676.2.1-6-3-mediated ceR-
NA network were evaluated by the Dual-Lucif-
erase activity assay. A luciferase reporter vector 
(pmirGLO Dual-Luciferase miRNA Target Ex-
pression Vector; Promega) was used to generate 
the luciferase constructs. Lnc-AC145676.2.1-6-3 
and the 3’ UTR of STX3 were cloned by RT-PCR. 
Plasmids containing lnc-AC145676.2.1-6-3-WT, 
lnc-AC145676.2.1-6-3-mutant and the WT or mu-
tant STX3-3’ UTR were constructed. 293T cells 
were seeded onto 24-well plates and allowed to 
grow for ~24 h in antibiotic-free medium before 
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they were transfected. The constructed report-
er vectors (300 ng) were cotransfected into cells 
with the miRNA (hsa-miR-1292-3p) mimics or 
NC mimics (100 nM) using Lipofectamine 2000 
(2 μl). The cells were lysed ~24 h after transfec-
tion, and the luciferase activity was assayed us-
ing the Dual-Luciferase Reporter Assay System 
(Promega, Madison, WI, USA). Firefly luciferase 
activity was normalized to that of Renilla Lu-
ciferase. All experiments were performed inde-
pendently in triplicate.

Cell Lines and Culture
The human colon carcinoma cell line Caco-2 is 

used as an intestinal barrier dysfunction cell mod-
el when treated with TNF-α. Cells were grown in 
Dulbecco’s modified Eagle’s minimum essential 
medium (DMEM, pH 7.4) (Invitrogen, Carlsbad, 
CA, USA) supplemented with 25 mM glucose, 
10% inactivated fetal bovine serum (FBS) (Lonza), 
1% penicillin/streptomycin (PS) and 1% nonessen-
tial amino acid solution (Invitrogen, Carlsbad, CA, 
USA). After the cells were stimulated with TNF-α 
(100 ng/ml) for 21 h at 37°C, their viability was 
measured. Caco-2 cells were randomly divided 
into the following groups: control, model, lncRNA 
siRNA, siRNA-NC and lncRNA siRNA+miRNA 
inhibitor. The lncRNA siRNA+miRNA inhibitor 
group was treated with TNF-α after transfection.

Cell Transfection
Caco-2 cells were assigned to the control (nor-

mal Caco-2 cells), model (Caco-2 cells stimulated 
with TNF-α (100 ng/ml) for 21 h at 37°C), siRNA 
(Caco-2 cells transfected with siRNA), siRNA-NC 
(Caco-2 cells transfected with NC siRNA), miR-
1292-3p inhibitor (Caco-2 cells transfected with 
the miR-1292-3p inhibitor and then stimulated with 
TNF-α (100 ng/ml) for 21 h at 37°C), and miR-
1292-3p inhibitor combined with siRNA (Caco-2 
cells cotransfected with the miR-1292-3p inhibitor 
and siRNA) groups. The lnc-AC145676.2.1-6-3 
mimic, lnc-AC145676.2.1-6-3 siRNA (si-lncRNA) 
and hsa-miR-1292-3p inhibitor were constructed 
by Gene Pharma (Shanghai, China).

Cell Viability Assay
Caco-2 cells in the logarithmic growth phase 

were conventionally trypsinized, washed with 
PBS, pelleted by centrifugation, resuspended, and 
counted. Then, the cells were seeded into 96-well 
plates at 2×103 cells/well in a volume of 100 μl 
per well. After 24, 48, and 72 h of incubation, 10 
μl of CCK-8 solution was added to each well and 

incubated for an additional 2 h after which the ab-
sorbance at a wavelength of 450 nm of each well 
was measured with a microplate reader and the 
mean was calculated for each group.

Western Blotting (WB) Analysis
Intestinal tissue was homogenized in tissue 

protein extraction reagent (T-Per) solution supple-
mented with HALT protease inhibitors at 10 ml/g 
wet weight, Caco-2 cells were lysed using radio 
immunoprecipitation (RIPA) lysis buffer, and to-
tal protein was collected. Next, 20 μg of protein 
from each sample was loaded onto 10% sodium 
dodecyl sulphate-polyacrylamide gel electropho-
resis (SDS-PAGE) gels, concentrated at 80 V for 
20 min and separated at 120 V for ~1 h (as soon 
as the bromophenol blue color marker ran off the 
end of the gel). The samples were then transferred 
to polyvinylidene difluoride (PVDF) membranes 
at 110 V for 100 min at 4°C using the wet trans-
fer method. Each membrane was blocked in 5% 
nonfat milk Tris Buffered Saline and Tween-20 
(TBST) for 2 h prior to being incubated overnight 
at 4°C with primary antibodies against micro-
tubule-associated protein 1 light chain 3 (LC3), 
P62, Beclin-1, STX3, PTEN, mTOR or AKT. 
Then, the membranes were washed 3 times with 
TBST for 10 min before they were incubated with 
diluted secondary antibodies in blocking solution 
for 2 h at room temperature. After the secondary 
antibody was fully washed away, a PTG ECL che-
miluminescence detection kit was used to develop 
the blot, which was transferred to an imaging ma-
chine for exposure and analysis.

Immunofluorescence Staining 
of LC3 in Cells

To identify autophagosome puncta in the cyto-
plasm, cells were fixed with polyformaldehyde for 
15 min, permeabilized with 0.1% Triton X-100, 
washed three times with 0.5% Triton X-100 in 
PBS and finally stained with anti-LC3B antibody. 
Then, the cells were incubated with Alexa Fluor 
488-conjugated AffiniPure goat anti-rabbit anti-
body in the dark for 2 h. Both the primary and sec-
ondary antibodies were diluted with 0.5% Triton 
X-100 in phosphate-buffered saline (PBS). After 
the glass slides were stained with DAPI and mount-
ed with an anti-fluorescence sealant, images were 
captured directly by fluorescence microscopy.

Transmission Electron Microscopy (TEM)
Autophagic vesicles were observed using TEM 

(Hitachi, HT7700). Treated cells were fixed with 



X.-Q. Sun, G.-Q. Tan, Z. Gao, X.-J. Liu, M.-T. Xia, Y.-Y. Zhang, R.-J. Sun, X. Cui

576

2.5% glutaraldehyde and sodium pyruvate for 24 
h, postfixed with 2% OsO4 for 2 h, and then dehy-
drated. After the samples were washed and dried, 
TEM images were obtained.

Statistical Analysis
The data are presented as the means ± standard 

deviation (SD) of three independent experiments. 
SPSS Statistics 26.0 software (IBM, Armonk, NY, 
USA) was used for the analyses. Student’s t-test 
was used for comparisons between two groups. 

Results

Detection of STX3-Related Autophagy 
In Vivo

The model group had more pronounced dam-
age to the small intestinal mucosal epithelium 
structure with a higher level of inflammatory cell 
infiltration (Figure 1A). To examine autophagy in 
vivo, we collected small intestine tissues and blot-
ted for autophagy-related proteins. The WB results 
showed that autophagy was decreased in the mod-
el group, as indicated by the decreased LC3II/I 
ratio, Beclin1 expression and PTEN expression 
induced by higher STX3 expression and the in-
creased levels of mTOR and P62 (p<0.01) (Fig-
ure 1B). The immunohistochemistry results also 
showed that the protein levels of PTEN and LC3 
were decreased and those of STX3 were increased 
in tissues of the model group compared with the 
control group. In addition, the mTOR pathway was 
activated (p<0.01) (Figure 1C). Additionally, there 
were more biphasic membrane autophagosomes 
with normal mitochondrial structure in the control 
group than in the model group (Figure 1D). Taken 
together, these results suggest that autophagy was 
inhibited in the model group.

Construction and Verification of the 
LncRNA-miRNA-mRNA Interaction 
Network 

LncRNAs most commonly interact with miR-
NAs to regulate downstream molecules. To fur-
ther explore the mechanism of action of lnc-
AC145676.2.1-6-3 in aGVHD, the target miRNAs 
and mRNAs of lnc-AC145676.2.1-6-3 were predict-
ed by miRanda and TargetScan, which revealed 5 
miRNAs: hsa-miR-1292-3p, hsa-miR-665, hsa-
miR-4458, hsa-miR-3064-5p and hsa-miR-6504-
5p. According to the cumulative weighted con-
text++ score, we selected the top 1700 target genes 
of these miRNAs with TargetScan. KEGG analy-

sis indicated that the most enriched term, “MAPK 
signaling pathway”, was related to autophagy, and 
19 target genes were identified as participating in 
this process. Cytoscape was used to visualize the 
ceRNA network of lnc-AC145676.2.1-6-3, hsa-
miR-1292-3p and STX3 (Figure 2A). Among the 
identified downstream mRNAs, STX3 encodes a 
member of the STX family and is relevant to our 
research. TargetScan analysis predicted 3 target 
binding sites between STX3 and lnc-AC145676.2.1-
6-3-interacting miRNAs (Table I). These results 
show that lnc-AC145676.2.1-6-3 might regulate 
the downstream hsa-miR-1292-3p/STX3 axis, 
which induces aGVHD. The binding sites of hsa-
miR-1292-3p on STX3 were identified with the 
assistance of a bioinformatics prediction website. 
The results of the Dual-Luciferase reporter assay 
showed that hsa-miR-1292-3p mimics had no sig-
nificant effect on the luciferase activity of the Mut-
lnc-AC145676.2.1-6-3/STX3 plasmid group but led 
to a clear decrease in the luciferase activity of the 
WT-lnc-AC145676.2.1-6-3/STX3 plasmid group 
(p < 0.01) (Figure 2A). The changes in the lucifer-
ase activities of lncRNAs were the same as those 
mentioned above. All these data confirmed the ex-
istence of the lnc-AC145676.2.1-6-3/hsa-miR-1292-
3p/STX3 axis.

The Mechanism of Action 
of Lnc-AC145676.2.1-6-3/hsa-miR-1292-
3p/STX3 In Vitro

After Caco-2 cells were induced by TNF-α, 
the downstream mechanism effects of the lnc-
AC145676.2.1-6-3/hsa-miR-1292-3p/STX3 axis 
were assessed with transepithelial electrical resis-
tance (TER), WB and immunofluorescence stain-
ing. Compared with the lncRNA siRNA + miR-
NA inhibitor and siRNA-NC groups, the lncRNA 
siRNA group had an increased TER (p>0.05).

To confirm the relationship of the lnc-
AC145676.2.1-6-3/hsa-miR-1292-3p/STX3 axis, 
the levels of hsa-miR-1292-3p and STX3 were 
evaluated in Caco-2 cells. In the lncRNA siR-
NA group, miRNA expression was significantly 
increased compared with that in the model and 
siRNA-NC groups (p<0.01) (Figure 3B). Upon ln-
cRNA interference, the level of miRNA binding 
to the lncRNA was significantly increased, while 
the level of STX3 was decreased (Figure 3C).

The levels of the autophagy-related proteins 
LC3II/I, Beclin1, P62, PTEN, Akt and mTOR as 
well as of STX3 were measured by WB. The re-
sults were similar to those observed in vivo, but in 
the lncRNA siRNA group, STX3 expression was 
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Figure 1. Detection of autophagy-related indexes in the small intestine of mice. A, Analysis of the mouse small intestine patholog-
ical score (magnification, 200×). B, Detection of the autophagy-related proteins LC3II/I, Beclin1, AKT, PTEN, mTOR and STX3 by 
Western blotting. C, Immunohistochemical analysis (magnification, 200×). D, Detection of autophagic vesicles. (**p<0.01, *p<0.05).
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Table I. The binding sites between STX3 and hsa-miR-665, hsa-miR-4458 and hsa-miR-3064-5p as predicted by TargetScan.

Predicted consequential pairing of target 
region (top) and miRNA (bottom) Site type Context++ score Context++ score 

percentile
Weighted 
context++score

Conserved branch 
length Pct

Position 257-264 of STX3 3’ 
UTR hsa-miR-665

5’ ...UCUCAAGUACCUUUU-CUCCUGGA…
              | | |                | | | | | | | 
3’         UCCCCGGAGUCGGAGGACCA 

8mer -0.33 98.00 -0.33 3.18 N/A

Position 366-373 of STX3 3’ 
UTR hsa-miR-4458

5’ ...AGGUGCUGUAUUUUUCUACCUCA...
                                    | | | | | | | 
3’                            UUCUUUGAUGAUGGAGU    

8mer -0.54 99.00 -0.54 5.74 0.95

Position 2253-2259 of STX3 
3’ UTR hsa-miR-3064-5p

5’  ...AUUCUGGGUCCUAGAAGCCAGAU...
                            | | | | | |  
3’         AACGUGUGGUGUUGUCGGUCU 

7mer-A1 -0.03 51.00 0.00 4.98 0.18
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significantly decreased, whereas the expression 
of autophagy-related proteins was significantly 
increased, indicating that when inhibition of lnc-
AC145676.2.1-6-3 increased the level of autopha-
gy (p<0.01) (Figure 3D).

Autophagy Level Test in Caco-2 Cells
In the lncRNA siRNA group, the relative 

number of LC3 puncta per cell was significantly 

increased compared with that in the model, siR-
NA-NC, and lncRNA siRNA +mRNA inhibitor 
groups, as observed by immunofluorescence mi-
croscopy (Figure 4A). To examine autophagy in 
vitro, we used Caco-2 cells and detected autopha-
gy by TEM. There were more biphasic membrane 
autophagosomes with normal mitochondrial 
structure in the lncRNA siRNA group than in the 
siRNA-NC and lncRNA siRNA + mRNA inhib-

Figure 2. CeRNA mechanism and Dual-Luciferase assays. A, The lncRNA-miRNA-mRNA network predicted by miRanda 
and TargetScan is presented as a map constructed with Cytoscape software. B, Relative Luciferase activity of the lncRNA and 
STX3 reporters (**p<0.01, *p<0.05).
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itor groups (p<0.01) (Figure 4B). These results 
confirm that when lnc-AC145676.2.1-6-3 was si-
lenced, the level of STX3 was decreased leading 
to increased levels of autophagy and consequent 
inhibition of aGVHD progression.

Discussion

aGVHD is the primary complication of al-
lo-HSCT and the main cause of death after HSCT. 

aGVHD mainly manifests in the gastrointestinal 
tract, skin, and liver. There have been many stud-
ies on its pathogenesis, which may be affected by 
the intestinal flora, inflammatory reactions and so 
on14,15. The most common type of aGVHD is in-
testinal aGVHD16, the symptoms of which are re-
fractory diarrhea, severe colitis, hematochezia and 
intestinal obstruction that will affect the implanta-
tion and endanger the life of the patient17.

STX3 has been shown to be involved in autoph-
agy and can regulate the PTEN-PI3K-AKT-mTOR 

Figure 3. Detection of autophagic protein levels in Caco-2 cells. A, TER test in Caco-2 cells. B, The level of miRNA after 
lncRNA was knocked down. C, The level of STX3 after lncRNA was knocked down. D, Detection of the autophagy-related 
proteins LC3II/I, Beclin1, AKT, PTEN, mTOR and STX3 by Western blotting (**p<0.01, *p<0.05).
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signaling pathway4. Several studies5,6 have report-
ed that the PTEN-PI3K-AKT-mTOR pathway and 
many members of the STX family are closely re-
lated to autophagy. For example, STX2 affects 
autophagy through the NF-κB pathway18, STX17 
has been associated with autophagy signaling19, 
and STX6 has been shown to promote autopha-
gy20. Furthermore, STX3 is associated with con-
genital diarrhea7, intestinal epithelial differentia-
tion diseases8,9, and intestinal microvilli inclusion 
body diseases21 and participates in the protection 
of intestinal mucosa10. Inhibition of PTEN can en-
hance Akt phosphorylation and accelerate GVHD 
progression22, and excessive activation of Akt/
mTOR signaling may be related to the occurrence 
of aGVHD23. In a mouse model of aGVHD (Figure 

1A), the level of PTEN was decreased, the levels 
of Akt and STX3 were increased, and the mTOR 
pathway was activated (Figure 1B,C). A TNF-α-
induced Caco-2 in vitro cell model was used to 
mimic the damage in the intestinal mucosal barrier 
and elicited similar results as those of the in vivo 
experiments (Figure 3D).

Autophagy, as an intracellular degradation 
pathway necessary for cellular homeostasis, can 
reduce inflammasome activation by removing in-
flammasome components or cytokines associated 
with intracellular pathogenic molecules. A previ-
ous study found that after ectopic expression of 
inhibitors of apoptosis proteins (IAPs), the level 
of LC3 (an autophagic gene and marker of dis-
ease) was decreased, which suggests that aGVHD 

Figure 4. Detection of autophagic vesicles and immunofluorescence staining of Caco-2 cells. A, Immunofluorescence stain-
ing of LC3 (magnification, 200×). B, Detection of autophagic vesicles by TEM and the number of autophagic vesicles (mag-
nification, 7000×). (**p<0.01, *p<0.05).
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not only activates apoptosis but also is accompa-
nied by the inhibition of autophagy24, which was 
also observed in our results (Figure 4A). Some 
studies have suggested that autophagy activation 
attenuates intestinal mucosal barrier dysfunction 
by preventing and reducing oxidative stress25,26. 
At the same time, inflammasome activation can 
upregulate autophagy to reduce the damage to 
host tissues caused by an exacerbated inflam-
matory response27. Our experiments showed that 
the expression levels of the autophagy-related 
factors LC3, p62, and Beclin1 were changed and 
that mTOR was activated in aGVHD (Figure 1B, 
C and Figure 3D). Combined with the TEM and 
immunohistochemistry results, these findings 
indicate that the autophagy level was changed. 
Therefore, the decrease in mitochondrial autoph-
agy may be involved in the pathogenesis of intes-
tinal aGVHD, and the specific mechanism may be 
abnormal mitochondrial autophagy, which results 
in a decreased ability to scavenge damaged mito-
chondria and to inhibit oxidative damage and in-
flammatory damage to the intestinal mucosal bar-
rier in aGVHD, resulting in the occurrence and 
aggravation of intestinal rejection. We found that 
the mitochondria in cells subjected to aGVHD 
were seriously damaged, which may be one of 
drivers of the occurrence of aGVHD (Figure 1D 
and Figure 4B). 

Previous studies have shown that lncRNAs 
play an important role in the occurrence and 
development of aGVHD28, but research on the 
specific mechanism involved is still rare and 
with little to no evidence on the role of lncRNAs 
with respect to STX3 mRNA in aGVHD. An 
increased level of lnc-AC145676.2.1-6-3 was ob-
served in aGVHD in our previous study. We used 
miRanda and TargetScan to predict the target 
miRNAs and mRNAs of lnc-AC145676.2.1-6-3; 
the top miRNA was hsa-miR-1292-3p. Among 
the downstream mRNAs, STX3 was relevant to 
our research. These results suggested that lnc-
AC145676.2.1-6-3 might regulate the downstream 
hsa-miR-1292-3p/STX3 axis (Figure 2A). After 
the relationship of lnc-AC145676.2.1-6-3/hsa-
miR-1292-3p/STX3 was verified by a luciferase 
reporter assay (Figure2B), the in vivo data con-
firmed that lnc-AC145676.2.1-6-3 can influence 
STX3 function by sponging hsa-miR-1292-3p. 
The lncRNA siRNA group data showed that when 
the level of autophagy was increased and the level 
of STX3 was decreased, the aGVHD progression 
was ameliorated (Figure 3 and Figure 4).

We conducted a preliminary experimental study 

on the mechanism by which lnc-ac145676.2.1-6-3 
affects the process of intestinal aGVHD, which 
provides a new approach for the clinical treatment 
of intestinal GVHD. However, the studies on suc-
cessfully treating this disease lack sufficient data 
regarding its molecular targets, and detailed ex-
periments on how to utilize this lncRNA and its 
target genes to treat aGVHD in vivo, will be part 
of our future directions.

Conclusions

STX3-induced increases in autophagy levels via 
the PTEN/AKT/mTOR pathway in aGVHD were 
confirmed in animal models and Caco-2 cells. 
Then, from our previous study, upregulated lnc-
AC145676.2.1-6-3 was verified to regulate the hsa-
miR-1292-3p/STX3 axis by bioinformatic analysis 
and luciferase reporters. After conducting tests 
in vivo, we concluded that lnc-AC145676.2.1-6-3 
plays an important role in STX3-induced increases 
in autophagy levels in aGVHD.
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