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Abstract. – OBJECTIVE: Acute lung injury 
(ALI) is the most common complication of se-
vere acute pancreatitis (SAP) in the early stage, 
which causes systemic inflammatory response 
and organ damage. Human runt-associated tran-
scription factor 3 gene (RUNX3) has been re-
ported to participate in various inflammatory 
diseases. However, the exact role of RUNX3 in 
SAP and its-related ALI remains unclear.

MATERIALS AND METHODS: To establish 
the model of SAP, rats were retrogradely inject-
ed with 5% sodium taurocholate (1 mg/kg body 
weight) into the biliary-pancreatic duct. Cytokine 
level in serum was measured by ELISA, and the 
polymorphonuclear neutrophil (PMN) was isolat-
ed from rat’s blood 12 h-post SAP induction.  

RESULTS: We found RUNX3 expression was 
significantly decreased with the progression of 
SAP. Both pancreas damages and cytokine pro-
duction abilities were reduced in RUXN3-over-
expressed SAP rats compared with control rats. 
Moreover, SAP-associated ALI was also improved 
upon RUNX3 overexpression in SAP rats. RUNX3 
upregulation enhanced PMN apoptosis and inhib-
ited Janus kinase 2/signal transducer and activator 
of transcription 3 (JAK2/STAT3) phosphorylation. 

CONCLUSIONS: Our study indicates that 
RUNX3 protects against SAP and SAP-asso-
ciated ALI through controlling PMN apoptosis 
and regulating JAK2/STAT3 signaling pathway. 
RUNX3 could be regarded as a potent therapeu-
tic target in SAP for future studies.
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RUNX3, Inflammation, JAK2/STAT3 signaling.

Introduction

Acute pancreatitis (AP) is defined as a local in-
flammation in the pancreas, which is occurred by 
erratic activation of zymogen within the pancreas. 
Dysregulation of zymogen leads to autodigestion, 
inflammation, edema, vascular damage, and ulti-
mately gives rise to cell death1-3. As a subtype of AP, 
severe acute pancreatitis (SAP) can cause several 
complications and more than 25% mortality4,5. In 
SAP, hyperproduction and secretion of inflammato-
ry cytokines such as interleukin (IL)-1b, IL-6 and 
tumor necrosis factor (TNF)-a, would lead to pan-
creatic tissue necrosis, therefore affecting peripheral 
organs6. Acute lung injury (ALI) is a common com-
plication of SAP in the early stage of the disease, 
which is the main cause of death in SAP patients7. 
SAP patients with ALI usually exhibited hypox-
emia and dyspnea, accompanied by diffuse alveolar 
damage and polymorphonuclear neutrophils (PMN) 
infiltration in the lung. PMN play a critical role in 
pathogenesis of SAP-associated ALI by altering its 
lifespan and migrating to the site of inflammation8. 
PMN apoptosis is reported to be the key to suppres-
sion of inflammation during SAP. Extension of the 
PMN lifespan seriously affects SAP recovery and 
further result in the secondary tissue damages8.

Janus kinase/signal transducer and activator of 
transcription (JAK/STAT) signaling are involved 
in various physiological and pathological pro-
cesses, including immune responses, cellular ho-
meostasis, cell proliferation, and malignant trans-
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formation9,10. As one of 7 members of the STAT 
family, STAT3 participates in cellular responses 
to cytokines and growth factors as transcription 
factors11,12. STAT3 is activated via JAK2-depen-
dent phosphorylation and JAK2-independent 
phosphorylation13. Previous studies have demon-
strated JAK2/STAT3 signaling could be activat-
ed by various cytokines including TNF-a, IL-1b 
and IL-6, which participate in the progression of 
inflammatory response14,15. Although multiple an-
imal studies reported JAK2/STAT3 signaling was 
elevated in pancreatic acinar cells of AP rats16,17, 
however, the effects of JAK2/STAT3 signaling on 
SAP-associated ALI remained largely unknown.

Human runt-associated transcription factor 3 
(RUNX3) is a member of the runt domain family, 
which plays an important role in process of inflam-
mation18,19. For instance, RUNX3 regulates trans-
forming growth factor (TGF)-β-mediated func-
tions of dendritic cell, and its loss results in airway 
inflammation20. Impairment of RUNX3 in white 
blood cells is associated with spontaneous colitis 
and gastric mucosal hyperplasia21, while the exact 
role of RUNX3 in SAP and its-related ALI remains 
unclear. Recently, TNF receptor-associated factor 
6 (TRAF6), direct targeting of RUNX3, has been 
identified as a protective factor in the progression of 
lipopolysaccharide (LPS)-induced AP22,23. There-
fore, we speculated that RUNX3 could also regu-
lates SAP and SAP-associated ALI. In this study, 
protective effects of RUNX3 on SAP and SAP-as-
sociated ALI were investigated, and the underlying 
regulatory mechanism was explored. Our findings 
improve our understanding of molecular machinery 
of SAP pathogenesis and hopefully provides insights 
into future development of therapeutic strategies tar-
geting SAP and SAP-associated ALI.

Material and Methods

Reagents
Sodium taurocholate and Histopaque 1119/1077 

Gradients were purchased from Sigma-Aldrich (St. 
Louis, MO, USA). Chloral hydrate was purchased 
from Tianjin Kemiou Chemical Reagent Co (Tian-
jin, China). Xylene, ammonium chloride (NH4Cl), 
formalin and ethanol were purchased from Wako 
Pure Chemical Industries Ltd (Osaka, Japan).

Animal Experiments
Adult male Sprague Dawley (SD) rats (220-

250 g) were purchased from Experimental Ani-
mal Center at Dalian Medical University (Dalian, 

China). Animal experiments were approved by 
the Animal Care and Use Committee of Dalian 
Medical University (Dalian, China) and were per-
formed according to National Institutes of Health 
Guidelines for the Care and Use of Laboratory 
Animals24. Rats were housed at room temperature 
(22-26°C) with a 12 h light/12 h dark cycle. Food 
and water were provided ad libitum. Body weight 
of each rat was recorded every week. Totally, 36 
SD rats of specific pathogen free (SPF) grade 
were selected as each group, named (1) Sham, (2) 
SAP and (3) SAP + RUNX3. 

To induce SAP, rats were anesthetized with 
10% chloral hydrate (3.5 mL/kg body weight) and 
the surgical field was exposed. The proximal bile 
duct was temporarily occluded at the hepatic por-
tal by a vascular clamp, followed by retrograde in-
jection of 5% sodium taurocholate (1 mg/kg body 
weight) in the distal end of the biliary-pancreat-
ic duct. Changes of biliary-pancreatic duct and 
pancreatic tissues including congestion, edema, 
and hemorrhage were observed for 5 min. Sub-
sequently, the vascular clamp was removed and 
the incision was sutured. Sham rats were anesthe-
tized in the same manner without sodium tauro-
cholate injection.

For RUNX3 overexpression experiment, rats 
were intravenous injected (i.v.) with Ad-RUNX3 
(1*109) and Ad-control into the tail of rats 7 days 
pre-sodium taurocholate injection, when pulsatile 
blood appeared in the needle hub, Ad-RUNX3 
was injected with a continuous and slow move-
ment. Adenoviral vector containing RUNX3 
was purchased by Shanghai GenePharma Co., 
Ltd. (Shanghai, China). All procedures were ap-
proved by the First Affiliated Hospital of Dalian 
Medical University Ethics Review Committee for 
Animal Experimentation (Experiment number 
20170114XA) and were performed to minimize 
the number of animals used and their suffering.

Hematoxylin & Eosin (H&E) Staining
Three rats were randomly selected and sacri-

ficed. Their tissues were fixed with 10% formalin 
solution for 24 h, followed by dehydration using 
ethanol. After transparent using xylene, tissues 
were embedded in Tissue-Tek OCT compound 
(Sakura Finetek, Torrance, CA, USA) and cooled 
at 4°C. Five micrometers tissue sections of pan-
creases and lung were baked in an oven at 60°C 
overnight, and xylene was dewaxed for 15 min. 
Tissue sections were stained by H&E Stain Kit 
(Maraval LifeSciences, Burlingame, CA, USA). 
The fume hood was air-dried and neutral resin 
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was sealed. Histopathological analysis was deter-
mined by double-blind scoring in terms of edema, 
hemorrhage, necrosis, and inflammatory cell in-
filtration according to Schmidt criteria.

Quantitative Real-Time Polymerase Chain 
Reaction (qRT-PCR)

Total RNAs were extracted from rat tissues 
using TRIzol Reagent (Invitrogen, Carlsbad, 
CA, USA). After RNase-free DNase (TaKaRa 
Biotechnology, Dalian, China) treatment, RNAs 
were reverse-transcribed to cDNA using a Super-
Script IV First-Strand Synthesis System (Invitro-
gen, Carlsbad, CA, USA) following the instruc-
tions provided by the manufacturer. The PCR 
amplification conditions consisted a total of 45 
cycles of pre-denaturation for 60 sec at 95°C, fol-
lowed by denaturation 30 sec at 94°C, annealing 
at 60°C for 60 sec, and extension for 60 sec at 
72°C. Expression level of RUNX3 was measured 
by SYBR-green master mix (Thermo Fisher Sci-
entific, Waltham, MA, USA) using ViiATM7 Re-
al-Time PCR System (Thermo Fisher Scientific). 
PCR program was set up as follows: an initial de-
naturing at 95°C for 10 sec, 40 cycles 95°C for 5 
sec, and 60°C for 30 sec, followed by a melting 
curve analysis. Expression of b-actin was used as 
internal control.

Primer sequences (5’→3’) used in this study 
were designed as follow:
 • Runx3, forward: GCAACGCTTCCGCTGT-

CA, reverse: GGCTTTGGTCTGGTCCTC-
TATC.

 • b-actin, forward, CGTGCGTGACATTAAA-
GAG, reverse, TTGCCGATAGTGATGACCT.

Lung Wet/Dry Weight Ratio
To measure the total amount of lung water, 

rats were dissected under anesthesia, and their 
lung weight was measured immediately after its 
excision. Lung tissues were then dried for 72 h at 
50°C. Wet/dry weight ratio was calculated.

Bronchoalveolar Lavage 
Fluid (BALF)

Rats were anesthetized and euthanized by ex-
sanguination. Their tracheas were surgically ex-
posed and intubated with a syringe catheter. Lung 
tissues were lavage with 1 ml pre-warmed PBS 
and repeated 5 times. Five milliliters of BALF 
was collected from each rat and cells in BALF 
were pelleted by centrifugation at 500 g for 10 
min at 4°C. Cells were then suspended in cold 
1xPBS and counted by FACs.

Detection of Amylase Activity
To test the activity of amylase in serum, serum 

was collected from each group as indicated time 
and analyzed by Amylase Assay Kit (Abcam; 
Cambridge, MA, USA) according to the manu-
facturer’s instructions. Briefly, serum was mixed 
with substrate ethylidene-pNP-G7 to produce 
smaller fragments that are eventually modified by 
a-glucosidase, causing the release of a chromo-
phore. After incubation for 1 h in the dark, the ab-
sorbance was measured at 405 nm by a microplate 
reader (Bio-Rad, Hercules, CA, USA).

Measurement of Cytokines
Pro-inflammatory cytokines including IL-1b, 

IL-6, and TNF-a were measured using ELISA kit 
(R&D systems; Minneapolis MN, USA) according 
to manufacturer’s instructions. In brief, the serum 
was incubated for 2 h at room temperature in 96-
well plates coated with anti-IL-1b, anti-IL-6, and 
anti-TNF-a antibodies, respectively. After wash-
ing, the capture antibody was added and incubated 
for 2 h at room temperature. The reaction was mea-
sured by modulation of the absorbance at 405 nm.

Western Blotting
Protein from the tissue homogenates or PMN ly-

sate were washed by 1xPBS, and then protein con-
centrations were measured using a BCA Protein 
Assay Kit (Thermo Fisher Scientific). 15 μg proteins 
were subjected to SDS-PAGE electrophoresis, sepa-
rated and transferred onto polyvinylidene difluoride 
(PVDF) membrane (Immobilon-P; EMD Millipore, 
Darmstadt, Germany). The membrane was blocked 
with 5% of skill milk in TBS-T for 1 h and then incu-
bated with primary antibody against RUNX3 (#9647, 
Cell Signaling, Danvers, MA, USA), Fas (ab82419, 
Abcam), FasL (ab231011, Abcam), Bax (#2772, Cell 
Signaling), cleaved caspase-3 (#9661, Cell Signal-
ing), Bcl-xL (#2762, Cell Signaling), phosph-JAK2 
(#3776, Cell Signaling), JAK2 (#3230, Cell Signal-
ing), phosph-STAT3 (#9134, Cell Signaling), STAT3 
(#4904, Cell Signaling) and GAPDH (#5174, Cell Sig-
naling) overnight at 4°C. After washing three times 
with TBS-T, the membrane was incubated with ap-
propriate secondary antibodies at room temperature 
for 1 h. As an internal control, GAPDH was mea-
sured by using an anti-GAPDH antibody (ab9486, 
Abcam) and an HRP-conjugated anti-rabbit antibody 
(GE Healthcare Life Science, Tokyo, Japan). Protein 
bands were detected using Luminata Forte Western 
HRP Substrate (Millipore, Billerica, MA, USA) with 
a Bio-Rad ChemiDox XRS+ imaging system (Bio-
Rad, Hercules, CA, USA).
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PMN Isolation
2.5 ml of Histopaque 1077 mg/ml was layered 

onto 2.5 ml of Histopaque 1119. Five milliliters of 
blood were placed on the top of the gradient mix-
ture, thus forming a three-level gradient includ-
ing Histopaque 1119, Histopaque 1077 and blood. 
Tube was centrifuged for 30 min in a swinging 
rotor centrifuge at 400 g. The superior part con-
taining the ring of mononuclear cells was discard-
ed. A second ring was the ring of target, which 
was collected and transferred to another tube to 
be washed with NH4Cl 0.83% (w/v) to eliminate 
the erythrocytes. Finally, cells were washed with 
1xPBS and 1xHBSS (pH=7.2) at 270 g for 10 
min, followed by resuspension of cells using 1 ml 
HBSS containing 0.1% gelatin.

PMN Apoptosis Analysis
12 h post-SAP induction, PMN were isolat-

ed and washed with phosphate buffered saline, 
followed by cell resuspension. The supernatant 
was discarded by centrifugation at 1000 rpm 
at 4°C for 10 min. Then, cells were resuspend-
ed in 150 µl of 10 mM HEPES (pH=7.4), 140 
mM NaCl and 2.5 mM CaCl2, and placed on 
ice for 5 min. A further 50 µl of buffer con-
taining 5 µl propidium iodide (PI) and 10 µl 
Annexin V-FITC were added. Cells were incu-
bated at room temperature in the dark for 15 
min after mix. A flow cytometric analysis FACs 
Calibur (BD Biosciences, San Jose, CA, USA) 
and FlowJo software (Tree Star, Ashland, OR, 
USA) were used to analyze cell apoptosis and 
calculate the apoptosis rate.

Statistical Analysis
Data were presented as means ± S.D. To de-

termine statistical significance, GraphPad Prism 
7 (GraphPad Software, SanDiego, CA, USA) was 
used to perform one-way ANOVA followed by 
Tukey’s post hoc t-test for multiple comparisons 
or Student’s t-tests when comparing 2 conditions. 
Probabilities <0.05 were considered statistical-
ly significant in this study (*p<0.05, **p<0.01, 
***p<0.001).

Results

RUNX3 Overexpression 
Attenuates SAP in Rats

In SAP rats, we found RUNX3 transcription 
was reduced by SAP in a time-dependent man-
ner compared with sham rats (Figure 1A). Con-
sequently, protein level of RUNX3 in serum was 
also decreased upon SAP (Figure 1B), indicating 
RUNX3 was associated with SAP.

We noted tissue damages including interstitial 
edema, massive neutrophil infiltration, and focal 
necrosis were clearly observed in the pancreas 
of rats (Figure 2B), and the activity of amylase 
increased along with the induction time of SAP 
(Figure 2C). Simultaneously, histological analysis 
of lung section showed that pulmonary interstitial 
was highly congested, most of the alveolar spaces 
are significantly widened, and alveolar cavity is 
partially fused into partial atrophy of the pulmo-
nary vesicle (Figure 2D). Large numbers of neu-

Figure 1. Expression of RUNX3 in SAP rat models. The serum was collected from each group of rats. Level of RUNX3 in 
the serum was measured by qRT-PCR for transcripts (A) and by Western blotting for protein (B). (Mean±S.D; n=10; **p<0.01, 
***p<0.001).

A B
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trophil infiltrations in the pulmonary interstitial 
and the formation of visible microthrombus were 
also present in the lung of SAP rats (Figure 2D). 
As shown in Figure 2E-F, SAP also resulted in 
an elevated lung wet/dry weight ratio and total 
cell numbers of BALF. This evidence strongly 
demonstrated an SAP rat model was generated, 
and ALI was induced by SAP in these rats. 

To further investigate the exact effects of 
RUNX3 on SAP, we injected SAP rats using Ad-
RUNX3 intravenously (Figure 2A). Interesting-
ly, the SAP-induced pancreas damages and the 
activity of amylase were significantly reduced 
by RUNX3 overexpression compared with that 
in SAP rats (Figure 2B-C). Moreover, RUNX3 
upregulation decreased lung damages, lung wet/
dry weight ratio as well as cell numbers in BALF 
(Figure 2D-2F). Therefore, these results suggest-
ed RUNX3 was critically involved in SAP as a 
negative regulator.

Anti-Inflammatory Effect of RUNX3 
on SAP

We then evaluated whether RUNX3 was in-
volved in the SAP-associated inflammation. Lev-
els of a series index of inflammation, including 
of IL-1b, IL-6 and TNF-a, increased in serum 
(Figure 3A), pancreas (Figure 3B) as well as lung 
(Figure 3C) after SAP induction in a time-depen-
dent manner. RUNX3 overexpression markedly 
reduced pro-inflammatory cytokines in pancre-

as, serum, and lung, respectively (Figure 3A-3C), 
indicating RUNX3 could indeed inhibit inflam-
mation under SAP condition. RUNX3 acted as an 
anti-inflammatory factor against SAP.

RUNX3 Regulates PMN Apoptosis 
Upon SAP Condition

Given PMN was reported to play a critical role 
in the development of inflammation8, we sought to 
clarify the regulation mechanism of inflammation 
regarding effects of RUNX3 on PMN apoptosis. 
We discovered 25% of PMN was PI+ Annexin V+ 

cells in Sham rat, and percentage of these PI and 
Annexin V double positive cells was decreased in 
SAP rats (Figure 4A). It is intriguing that RUNX3 
upregulation in SAP rats significantly enhanced 
PI+ Annexin V+ PMN (Figure 4A), indicating 
RUNX3 positively regulated PMN apoptosis. In 
parallel study was performed by analysis of clas-
sical apoptosis signaling pathway via Western 
blotting. As shown in Figure 4B, RUNX3 over-
expression in SAP rats upregulated Fas/FasL and 
Bax expression compared with SAP rats. Corre-
spondingly, Bcl-xL, a negative regulator of Bax, 
was inhibited under RUNX3 overexpression. Re-
versely, Caspase-3, a downstream signal of these 
proteins, was activated (Figure 4B). These results 
supported our hypothesis that PMN played an 
anti-inflammatory role against SAP, suggesting 
RUNX3 contributed PMN-mediated inflamma-
tion resistance.

A

D E F

B
C

Figure 2. Tissue damage in SAP upon RUNX3 overexpression. mRNA level of RUNX3 in rat serum was quantified by qRT-
PCR (A). The histopathology analysis of pancreas (B) and lung (D) was performed by H&E staining. Amylase activity in serum 
was measured by ELISA (C). Wet/dry weight ratio was determined to assess lung water content (E), and the total cell number in 
BALF was analyzed by FACs (F). (Mean±S.D; n=3; vs. control, **p<0.01, ***p<0.001; #p<0.05, ##p<0.01, ###p<0.001; RUNX3 + 
SAP 3 h vs. SAP 3 h, $p<0.05, $$p<0.01, $$$p<0.001; RUNX3 + SAP 6 h vs. SAP 6 h, @@p<0.01, @@@p<0.001; RUNX3 + SAP 12 h 
vs. SAP 12 h, &p<0.05, &&p<0.01, &&&p<0.001).
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Protective Effect of RUNX3 on SAP 
and ALI Via JAK2/STAT3

Considering JAK2/STAT3 signaling is ac-
tivated by pro-inflammatory cytokines, we hy-
pothesized that the protective effects of RUNX3 
on SAP and SAP-associated ALI might be asso-
ciated with JAK2/STAT3 signaling. Therefore, 
involvement of RUNX3 in phosphorylation of 
JAK2/STAT3 was examined. As shown in Fig-

ure 5, phosphorylation levels of JAK2 and STAT3 
were elevated in pancreas and lung of SAP rats 
compared to tissues from Sham rats, which was 
suppressed by RUNX3 overexpression in SAP 
rats (Figure 5A and B). All this evidence suggests 
that RUNX3 overexpression in SAP rats can con-
tribute, in a critical way, to SAP-associated in-
flammation and tissue damage via regulation of 
JAK2/STAT3 phosphorylation.

Figure 3. RUNX3 overexpression inhibits cytokine production in SAP model of rat. Cytokine IL-1β, IL-6 and TNF-α levels 
in serum (A), in pancreatic (B) and in lung (C) were measured by ELISA, respectively. (Mean±S.D; n =3; vs. control, *p<0.05, 
**p<0.01, ***p<0.001; RUNX3 overexpression vs. control, #p<0.05, ##p<0.01, ###p<0.001; RUNX3 + SAP 3 h vs. SAP 3 h, $p<0.05; 
RUNX3 + SAP 6 h vs. SAP 6 h, @p<0.05, @@p<0.01; RUNX3 + SAP 12 h vs. SAP 12 h, &&p<0.01, &&&p<0.001).

A

B

C
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Discussion

SAP is known for its acute onset and rapid pro-
gression, leading to multiple organ damages with 
systemic inflammation and ultimately high mortal-
ity. Diffuse alveolar damage, type I pneumocyte 
necrosis and influx of inflammatory cells were ini-
tially observed in the early stages of SAP-associ-
ated ALI25. This is associated with inflammatory 
responses, giving rise to pancreatitis and subse-
quent distant organ dysfunction due to the recruit-
ment of immune cells and excessive production 
of inflammatory mediators26,27. In this study, we 
successfully established an SAP rat model and de-
tected RUNX3 expression in this model (Figure 1). 
Levels of RUNX3 were influenced by severity of 
SAP; SAP resulted in suppressed RUNX3 expres-
sion compared to healthy rats in a time-dependent 
manner (Figure 1). To our knowledge, it is the first 
study showing RUNX3 involved in the SAP. In 
comparison with untreated SAP rats, we observed 
RUNX3 overexpression in SAP rats significantly 
abrogated SAP-induced damages of pancreas and 

lung (Figure 2), as well as reduced cytokines pro-
duction (Figure 3). Combined these data together, 
an emerging role of RUXN3 in the pathogenesis of 
SAP could be confirmed.

As a major of immune cells in the host im-
mune response, PMN accounts for 50%-70% of 
leukocytes. PMN was first recruited to the area 
of injury or inflammation to play a critical role in 
the progression of inflammation, as activation and 
migration of neutrophils were a hallmark in the 
development of inflammation28,29. Severe tissue 
damages could be induced when PMN aggrega-
tion or infiltration was overwhelmed30. Increasing 
PMN apoptosis and uptake of apoptotic PMN by 
macrophages abrogated PMN infiltration and fur-
ther inhibited inflammatory responses, and thus 
contributing to recovery of tissue damages31. Re-
cently, studies have found PMN was central to 
the evolution of SAP, mediating tissue damages 
in pancreas as well as remote organ injuries. Pa-
tients’ peripheral blood exhibited higher levels 
of PMN compared to those isolated from healthy 
individuals. Activated PMN were reported to sig-

Figure 4. RUNX3 overexpression induces PMN apoptosis. PMN apoptosis was determined by FACs (A). Expression levels 
of apoptosis-associated proteins was detected by Western blotting (B). (Mean±S.D; n=3; SAP vs. sham, **p<0.01, ***p<0.001; 
RUNX3 overexpression vs. sham, ##p<0.01, ###p<0.001).

A

B
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nificantly extend the lifespan, which might lead 
to cytokines activation and delay of PMN apop-
tosis32,33. Consistent with previous studies, we 
observed PMN apoptosis was decreased in SAP 
(Figure 4A) and caspase-3 dependent apoptot-
ic signaling was inactivated in PMN upon SAP 
(Figure 4B). PMN apoptosis was enhanced by 
RUNX3 overexpression in SAP rats (Figure 4), 
suggesting a possible therapeutic strategy target-
ing inflammation as well as tissue damages in 
SAP-associated ALI through extension of PMN 
lifespan by RUNX3 overexpression.

In addition, JAK/STAT signaling pathway is 
considered to be closely related to inflammation34. 
Several reports35,36 have shown that JAK/STAT 
activated cytokine signaling cascade, especially 
JAK2 and STAT3. Previous studies37,38 reported 
cytokines triggered JAK2-mediated activation 
of STAT1 or STAT3 and thus contributing to the 
development of pancreatic injuries. Inhibition of 
JAK/STAT signaling prevented lethal effects of 
excessive systemic inflammatory responses under 
SAP17. Chao et al39 reported blockade of IL-6 in-
hibited activation of STAT3 in the caerulein-in-

duced SAP-associated ALI, indicating STAT3 
functioned as a regulator of SAP-associated ALI, 
although the detailed mechanism remained un-
clear. Therefore, we explored the possible mod-
ulatory mechanism targeting RUNX3-JAK2/
STAT3 crosstalk. As shown in Figure 5, we found 
the phosphorylation statuses of JAK2 and STAT3 
in pancreas and lung of SAP rats were significant-
ly increased compared with that in Sham group, 
suggesting JAK2 phosphorylation would lead to 
phosphorylated STAT3, translocated activated 
STAT3 into nuclei to modulate cytokine-medi-
ated signal transduction, which further promoted 
the development of SAP and SAP-associated ALI. 
Interestingly, phosphorylation statuses of JAK2 
and STAT3 were clearly suppressed by RUNX3 
overexpression in SAP rats. It is suggested anoth-
er possible protective role of RUNX3 in SAP-as-
sociated ALI, that is regulation of JAK2/STAT3 
phosphorylation statuses.

MicroRNAs are small non-coding nucleo-
tides that specifically expressed in various types 
of cells and tissues, functioning in RNA silenc-
ing and post-transcriptional regulation of gene 

Figure 5. RUNX3 overexpression inhibits the phosphorylation of JAK2 and STAT3. The phosphorylation of JAK2 and STAT3 
in pancreas (A) and in lung (B) was identified by Western blotting. (Mean±S.D; n=3; SAP vs. sham, **p<0.01, ***p<0.001; 
RUNX3 overexpression vs. SAP, ##p<0.01, ###p< 0.001).

BA
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expression40-42. Recently, microRNA acquire 
recognition for their importance in a variety of 
biological process, including cell proliferation, 
apoptosis, inflammation, and diseases43-45. Ac-
cumulating evidence suggested JAK/STAT sig-
naling played a critical role in various biological 
functions of miRNAs. For instance, miR-155 reg-
ulated lymphoma cell proliferation and apoptosis 
by targeting JAK/STAT3 signaling46. MiR-210 
suppressed inflammation via JAK/STAT pathway 
as well47. Importantly, bioinformatics analysis and 
luciferase reporter assays were strongly proved 
RUNX3 was a direct downstream target of miR-
106b48. In addition, Fu et al49 reported miR-138 
regulated the balance of Th1/Th2 cells by tar-
geting RUNX3. Our data showed RUNX3 pro-
tected against ALI via JAK2/STAT3 signaling, 
whether RUNX3-mediated inhibition of JAK2/
STAT3 signaling was associated with microR-
NA remained currently unknown, which required 
further investigations.

Conclusions

We reported, for the first time, the protec-
tive effects of RUNX3 on SAP-associated ALI 
through controlling PMN apoptosis and regu-
lating JAK2/STAT3 signaling. This finding not 
only improved our understanding of molecular 
mechanisms of SAP progression but also provid-
ed insights into future development of therapeutic 
strategies targeting SAP from bench to clinic.
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