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severe acute pancreatitis through regulating
JAK2/STAT3 signaling pathway
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Abstract. - OBJECTIVE: To explore the effect
of suppressor of cytokine signaling 3 (SOCS3)
on the lung injury in rats with severe acute pan-
creatitis (SAP) by regulating the Janus kinase 2/
signal transducer and activator of transcription
3 (JAK2/STAT3) pathway.

MATERIALS AND METHODS: Sprague-Daw-
ley rats were divided into control group (n=20)
and SAP model group (established via injection
of 5% sodium taurocholate, n=40). Then, SOCS3
was overexpressed using the adenovirus in 20
rats in SAP model group. The serum amylase
(AMY) was detected, whether the transfection
was successful was verified via quantitative Re-
verse Transcription-Polymerase Chain Reaction
(qRT-PCR), the hepatic function indexes were
detected, the pathological changes were ob-
served using hematoxylin-eosin (HE) staining,
and the wet/dry weight ratio (W/D) was calculat-
ed. Moreover, the content of serum inflammato-
ry factors was detected via enzyme-linked im-
munosorbent assay (ELISA) and the expression
levels of JAK2/STAT3 signaling pathway genes
and proteins were detected through RT-PCR and
Western blotting.

RESULTS: The content of AMY in SAP mod-
el group was significantly increased, indicating
the successful modeling. SOCS3 was signifi-
cantly increased in transfection group, suggest-
ing that the transfection efficiency was signifi-
cant. The content of alanine aminotransferase
(ALT), and aspartate aminotransferase (AST) in
SOCS3 transfection group was significantly low-
er than in model group. According to the histo-
pathological observation, there were lung injury,
pulmonary edema, hemorrhage, severe inflam-
matory response, and alveolar congestion in
SAP model group. There were almost no patho-
logical changes in SOCS3 transfection group.
In SOCS3 transfection group, the content of se-
rum interleukin-6 (IL-6), IL-18 and tumor necro-
sis factor-a (TNF-a), the mRNA and protein ex-
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pressions of IL-6, JAK2, and STAT3 were all re-
markably declined.

CONCLUSIONS: SOCS3 inhibits the activation
of the JAK2/STAT3 pathway and the increase of
inflammatory factors, promoting the repair of
lung injury in SAP rats.
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acute pancreatitis, Rats, Lung injury.

Introduction

Severe acute pancreatitis (SAP) is an abnor-
mally severe abdominal organ disorder with a
high mortality rate, in which pancreatic elastase
and other pro-inflammatory mediators are re-
leased into the portal vein and systemic circu-
lation'?. Although the precise aggressive mech-
anisms of different etiological factors remain
unclear, researchers have been working on the
exact mechanism of action. Lung injury reduc-
es the gas exchange and causes the oxidative
damage, and the protein-rich exudates enter the
alveolar space and interstitial tissue**. The exces-
sive penetration of neutrophils into the lungs has
been identified as a key event in acute lung injury
(ALT)’. The main events in the inflammatory re-
sponse include the migration of leukocytes from
the blood and increased adhesion of endothelial
cells®’. At present, the treatment means of SAP
mainly focus on the antagonism to such early in-
flammatory factors as IL-6, but the efficacy is not
satisfactory. Therefore, it is urgent to find a new
generation of drugs with ideal therapeutic effects.
However, the etiology and pathogenesis of ALI
are complex, neither specific or effective preven-

10123



M.-Z. Qin, M.-B. Qin, Z.-H. Liang, G.-D. Tang

tion strategy nor appropriate treatment for ALI
has been found, and the therapeutic mechanism
of ALI needs further study. Therefore, deeply
understanding its regulatory network is essential
for the treatment of ALI in SAP.

The Janus kinase/signal transducer and ac-
tivator of transcription (JAK/STAT) signaling
pathway has been widely studied®. The JAK/
STAT pathway is activated by growth factors
and hormones, displaying the advantages and
protective effects of JAK2 and STAT3 in inflam-
matory response”'’. Fan et al'' have demonstrated
that soluble factors are dependent on STAT3 in
the liver during systemic inflammation. Inter-
leukin-6 (IL-6) is a pro-inflammatory cytokine
that can selectively activate STAT3, which plays
an important role in the initiation and amplifica-
tion of the inflammatory process'?. Furthermore,
the exact mechanism of JAK2/STAT3 pathway
inhibitors in SAP is related to the severity of
the pancreatic disease. Suppressor of cytokine
signaling 3 (SOCS3) mediates the inflammatory
response induced by interferon (IFN). The abil-
ity of SOCS3 to regulate the pro-inflammatory
cytokines has aroused much interest'*'">. How-
ever, the mechanism of SOCS3 in regulating the
production of pro-inflammatory cytokines re-
mains unclear, the regulatory function and effect
of SOCS3 in lung injury in SAP have not been
clarified, and its specific mechanism needs fur-
ther exploring. Based on this, the effect of SOCS3
on lung injury in SAP rats through the JAK2/
STAT3 pathway and its specific mechanism were
explored in the present study.

This work aims to investigate the effect of
SOCS3 on lung injury in SAP rats through the
JAK2/STAT3 pathway and its specific mech-
anism of action. The effect of SOCS3 on lung
injury in SAP rats was clarified via adenovirus
transfection in in vivo experiments and vari-
ous molecular biological techniques. Finally, the
specific molecular mechanism of this effect was
explored to reveal the regulatory effect of SOCS3
on lung injury in SAP rats.

Materials and Methods

Animal Grouping and Modeling
Sprague-Dawley rats were divided into control
group (n=20) and SAP model group (established
with 5% sodium taurocholate, 1 mL/kg, n=40).
Then, SOCS3 was overexpressed using the ade-
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novirus in 20 rats in SAP model group. SOCS3
complementary deoxyribonucleic acid (cDNA)
was used for the gene-specific primer amplifica-
tion. After purification, the reaction product was
ligated to the vector fragment under the action
of T4 DNA and the competent cells were trans-
formed using the ligation product. The adeno-
virus vector containing SOCS3 was transfected
into the rats. All the experimental schemes and
methods were approved by the Laboratory Ani-
mal Ethics Committee. The serum and an appro-
priate number of lung tissues were collected and
stored for later use.

Detection of Successful Establishment of
Animal Model

The serum amylase (AMY) can indicate the
occurrence of pancreatitis and provide a ref-
erence for the treatment of pancreatitis. The
successful establishment of SAP model in this
experiment is crucial for the subsequent studies
and serum AMY can be used as a detection index
for the successful establishment of SAP model.
Therefore, after modeling, the blood was taken
from the caudal vein and centrifuged to sepa-
rate the serum. Then, the level of serum AMY
was measured, and the changes in AMY were
analyzed to determine whether the model was
successfully established.

Detection of Transfection Efficiency of
SOCS3 Adenovirus

To deeply study the role of SOCS3 in SAP,
SOCS3 was transfected into the rats using the
adenovirus. Next, the transfection efficiency of
SOCS3 in SAP was detected via reverse tran-
scription-polymerase chain reaction (RT-PCR) to
prepare for the following study of the molecular
mechanism of SOCS3 in SAP.

Detection of Serum Hepatic Function
Indexes and Determination of Lung
w/D

To predict the occurrence of SAP in advance
in clinical practice, the hepatic function indexes
such as alanine aminotransferase (ALT) were
detected. The blood was centrifuged to separate
the serum and the serum was placed into the
centrifuge tube and detected using a biochemical
analyzer. Besides, the water and stains on the
surface of lung tissues were sucked dry using the
filter paper and the wet weight (W) was measured
and recorded using an electronic balance. Then,
the lung tissues were carefully baked in a dry box
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at 65°C until the weight was not changed, and
the dry weight (D) was measured and recorded.
Finally, the W/D ratio was calculated.

Observation of Changes in Lung Tissues
Via Hematoxylin-Eosin (HE) Staining

The integrity of lung tissues should be en-
sured before the experiment for the convenience
of section preparation. The excised lung tissues
previously obtained were soaked in formalin for
5 days, washed with running water for 36 h, de-
hydrated with gradient alcohol, routinely sliced
into sections (about 5 um in thickness) and depa-
raffinized, followed by hydration with 95%, 90%,
80%, 75%, and 50% ethanol, respectively. Next,
the sections were transparentized, immersed and
embedded in paraffin and also prepared into
pathological sections. Once the sections were
baked dry, they were stained with HE and sealed
(Boster, Wuhan, China), followed by tissue ob-
servation under a light microscope.

Detection of Content of Inflammatory
Factors Via ELISA

The serum samples stored at —80°C were taken
out, thawed, and centrifuged at low speed. Then,
the supernatant was collected and simply treated
and the changes in each index were detected us-
ing the kit according to the instructions. Finally,
the absorbance was measured using a microplate
reader, based on which the content of inflamma-
tory factors in each group was detected.

Detection of Expressions of Related
Genes Via RT-PCR

(1) Total RNA was extracted using TRIzol
(Invitrogen, Carlsbad, CA, USA), and the RNA
concentration was detected qualified. (2) Then,
the RNA was reversely transcribed into cD-

Table I. Primer sequences in RT-PCR.

NA using the RT kit (Invitrogen, Carlsbad, CA,
USA), followed by primer amplification using the
20 pL system (2 uL of cDNA, 10 pL. of mix, 2 uL.
of primer, 6 uL of ddH, O, for a total of 40 cycles).
The sequences of target genes and the internal
reference glyceraldehyde 3-phosphate dehydroge-
nase (GAPDH) were designed according to those
published in the GenBank (Table I). The expres-
sion levels of target genes were detected via PCR
and the relative expression levels of the related
genes were calculated using the 244t method.

Western Blotting

The ratio of lysis buffer was calculated accord-
ing to the instructions of the protein extraction
kit (Beyotime, Shanghai, China). Next, 300 mg
of sterile tissues were accurately weighed, placed
into a 10 mL Eppendorf (EP) tube, ground un-
der low temperature, rapidly smashed using a
homogenizer under low temperature, and added
with the protein lysis buffer previously prepared,
followed by centrifugation. The supernatant was
collected and placed into the EP tube, followed
by detection of protein concentration according to
the instructions of the bicinchoninic acid (BCA)
kit. Western blotting was performed: the protein
was loaded for electrophoresis, transferred onto a
membrane, incubated with the primary antibody
and anti-rabbit secondary antibody. Finally, the
protein band was scanned and quantified and the
gray value of the band was analyzed.

Statistical Analysis

Statistical Product and Service Solutions
(SPSS) 21.0 software (IBM, Armonk, NY, USA)
was used for the processing of raw experimental
data and multiple comparisons were performed
for the data. The experimental results obtained
were expressed as mean =+ standard deviation

Target gene

Primer sequence (5-3')

GAPDH

JAK2

SOCS3

STAT3

IL-6

F: - TGACTTCAACAGCGACACCCA-3’

R: 5>-CACCCTGTTGCTGTAGCCAAA-3’

F: 5’-GAGGGATCCATGAAATATACAAGCTAT-3’
R: 5>-GACCCGTAAATCTGAAGCTAATGC-3’

F: 5-GACGAATTCTTACGTTGATGCTCTCC-3’
R: 5>~ AATTAAGGCATCACAGTCCGAGTC-3

F: - TTTGAAGACAGGGACCCTACACAG-3’

R: 5> TCATAGCGGCACATCTCCACA-3’

F: 5-AATCTGCTCTGGTCTTCTTGGAG-3’

R: 5>-GTTGGATGGTCTTGGTCCTTAG-3’
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(x £ SD) and p<0.05 suggested the significant
difference. The bar graph was plotted using the
GraphPad Prism 7.0 (GraphPad Software, La
Jolla, CA, USA).

Results

Successful Establishment of
Animal Model Detected

The content of serum AMY in the caudal vein
was directly measured to verify whether the SAP
model was successfully established. As shown
in Figure 1, the content of serum AMY in SAP
model group was significantly higher than in
healthy rats (p<0.05).

Transfection Efficiency of
SOCS3 Adenovirus

To deeply explore the role of SOCS3 in lung
tissues in SAP, SOSC3 was overexpressed in
rats using the adenovirus transfection technique.
Then, the transfection efficiency of SOSC3 was
detected via PCR. As shown in Figure 2, the
expression level of SOSC3 was significantly in-
creased in SOSC3 transfection group (p<0.05),
close to that in control group.

Detection Results of Hepatic Function
and W/D

The important serum biochemical indexes as-
partate aminotransferase (AST), alanine amino-
transferase (ALT), and ALP play important roles

5000+ *
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Figure 1. The content of serum AMY in SAP model group
is significantly higher than that in healthy rats, suggesting
the successful modeling. *p<0.05: there is a statistically
significant difference.
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Figure 2. Transfection efficiency of SOCS3. The
expression level of SOCS3 is significantly increased in
SOCS3 transfection group (p<0.05). Control: normal
control group, SAP: severe acute pancreatitis model group.
There is a statistically significant difference vs. control
group ("p<0.05) and vs. model group (*p<0.05).

in the lung disease, so their content was detected
using the biochemical analyzer. As shown in
Table 11, the content of AST, ALT, and ALP de-
clined significantly in SOCS3 transfection group,
while it was increased significantly in model
group (p<0.05). Besides, the changes in W/D
were consistent with the above trends.

Changes in Lung Tissues Observed Via
HE Staining

As shown in Figure 3, there were lung in-
jury, pulmonary edema, hemorrhage, severe
inflammatory response, alveolar congestion,
and cellular damage in SAP model group (3A).
In SOCS3 transfection group, the cells had
normal morphology and histological structure
without significant changes compared to con-
trol group, and no pathological changes were
observed (3B).

Serum TNF-a, IL-6, and IL-18 Content

The content of TNF-a, 1L-6, and 1L-18 was
increased in model group (p»<0.05), while it de-
clined in SOSC3 transfection group, close to that
in control group (p<0.05) (Table III).

Gene Detection Results

According to the detection results of gene ex-
pression, the mRNA expressions of 1L-6, JAK2,
and STAT3 remarkably declined in SOSCI trans-
fection group (p<0.05) (Figure 4), indicating that
the overexpression of SOCS3 may inhibit the
increase of their levels, thereby suppressing the
further development of lung injury.
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Table II. Changes in content of ALT, ALT, and ALP and W/D.

Group \X//D AST (U/L) ALP (U/L) ALT (U/L)
Model group 10.68 + 1.24° 439.24 + 6.38° 225.85+5.22° 142.83 + 5.65°
SOCS3 transfection group 5.24+1.03* 226.85 +2.88* 105.56 + 4.24° 67.41 £ 5.67*
Control group 3.39+£0.19 219.36 +3.58 88.17 + 5.84 50.47 +4.45

Note: The content of AST, ALT, ALP, and W/D decline significantly in SOCS3 transfection group (p<0.05). °p<0.05 model group
vs. control group, ®p<0.05 SOCS3 transfection group vs. model group (the same below).

Expressions of Important Proteins, and
Pathway Proteins

To further determine the effect of SOCS3 on
the JAK2/STAT3 signaling pathway during the
development of lung injury, the protein expres-
sions were detected. It was found that the ex-
pression of JAK2/STAT3 in SOCS3 transfection
group remarkably declined (p<0.05) (Figure 5),
demonstrating that the overexpression of SOCS3
can facilitate the recovery of lung injury in SAP.

Discussion

SAP, a disease characterized by acute onset
and high mortality rate, often occurs in the hu-
man body. There is a wide range of pancreatic
injury in the early stage of liver failure'®". It
has been proved that inflammatory mediators
TNF-a and IL-6 play extremely important roles
in regulating SAP and lung injury'®. Lung injury
is a serious complication of SAP, increasing the

Figure 3. HE staining. There are lung injury, severe inflammatory response, alveolar congestion and cellular damage in SAP model
group (A, magnification x200). No pathological changes are observed in SOCS3 transfection group (B, magnification x200).

Table Ill. Serum TNF-a, IL-6, and IL-18 content (pg/mL).

Group TNF-a IL-6 IL-18
Model group 252.45+1.27° 298.45 + 3.45° 400.51 +5.54°
SOCS3 transfection group 100.85 £ 2.15° 65.25 + 6.47° 74.75 + 3.14°
Control group 55.34+3.73 29.15+£2.72 20.45 +5.52

Note: The content of TNF-a, IL-6, and IL-18 decline in SOSC3 transfection group (p<0.05) (*°p<0.05).
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Figure 4. Detection results of gene expression. mRNA expressions of IL-6, JAK2, and STAT3 remarkably decline in SOSC1

transfection group (»<0.05).

risk of systemic inflammation and death”. The
congestion of monocytes and macrophages in
the local inflammatory region in lung tissues is
a key event in SAP and ALI, and intercellular
adhesion molecule-1 plays an important role in
mediating the inflammatory response®. ALI is a
pulmonary inflammatory injury mainly charac-
terized by polymorphonuclear cell infiltration?'.
Lung injury in SAP is a complex and the dynamic
process regulated by a variety of cellular compo-
nents and cytokines, which involves the influence
of multiple genes and regulatory factors on lung
injury. Therefore, deeply understanding the spe-
cific molecular regulatory network of SOCS3 is
essential for the treatment of lung injury. In the
present investigation, the level of serum AMY
in SAP model group was significantly increased,
indicating that the SAP model was successfully

established and could be used for subsequent
studies. To further explore the role of SOCS3 in
lung tissues, SOSC3 was overexpressed using
the adenovirus transfection technique. Then, the
transfection efficiency of SOSC3 was detected.
The results showed that the expression level of
SOSC3 was significantly increased in SOSC3
transfection group, and the content of AST, ALT,
and ALP declined significantly, while it was in-
creased significantly in model group (p<0.05).
Besides, the changes in W/D were consistent with
the above trends. The above findings demonstrate
that the hepatic function indexes have evident
changes in the case of lung injury, indicating the
occurrence and development of the disease. Im-
mune and inflammatory factors play important
roles in initiating and promoting the development
of SAP%. Tt has been found® that the level of
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Figure 5. Protein expressions. The expression of JAK2/STAT3 in SOCS3 transfection group remarkably decline (*#p<0.05).
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TNF-a is significantly increased in SAP, promot-
ing the development of lung injury. Studies have
proved that inflammation plays an indispensable
role in the occurrence and development of SAP.
In this work, the content of TNF-a, IL-6, and
IL-18 was increased in model group (p<0.05),
suggesting that the increased levels of IL-6 and
TNF-a further promote the development of SAP
and further aggravate the inflammatory response.
After the overexpression of SOCS3, the levels
of them declined, close to or even lower than
those in control group (p<0.05), and the condi-
tion of the disease was also improved, suggest-
ing that SOCS3 has a good protective effect on
SAP. The conclusion in this study is consistent
with the above findings, which demonstrates that
SOCS3 is able to inhibit excessive inflammato-
ry cytokines, prevent the excessive production
from causing irreversible damage to cells, and
stimulate various anti-inflammatory substances,
resisting the inflammatory injury. In addition,
the morphological observation showed that there
were lung injury, pulmonary edema, hemorrhage,
severe inflammatory response, alveolar conges-
tion, and cellular damage in SAP model group. In
SOCS3 transfection group, the cells had normal
morphology and histological structure without
significant changes compared to control group,
and no pathological changes were observed, con-
sistent with previous studies?*%.

Although Damm et al*® have shown that the
JAK/STAT pathway regulates the expression of
pro-inflammatory factors during the develop-
ment of SAP, little is known about its molecular
mechanism in mediating ALI in SAP. The JAK/
STAT signaling pathway is widely involved in
inflammatory response?’. JAK2 binds to STAT3
through cytokine receptors to activate the cyto-
kine signaling cascade?®?’, while TNF-a activates
JAK2 and STATS3 in pancreatic injury*’, blocking
the JAK2/STAT3 signaling pathway to prevent
the lethal effects of excessive systemic inflam-
matory response in SAP. However, the effect of
the JAK2/STAT3 signaling pathway in SAP on
systemic inflammatory response and its correla-
tion with the severity of pancreatic disease are
still unclear. Besides, Li et al*! have shown that
after injection of sodium taurocholate, JAK2 and
STAT3 are activated rapidly, and their protein
expressions are significantly increased, which
may indicate that pro-inflammatory cytokines
can regulate the JAK2/STAT3 pathway. Based on
this, many genes or proteins that can regulate this
pathway are expected to be potential targets for

the treatment of lung injury in SAP. In the present
report the mRNA expressions of [L-6, JAK2 and
STAT3 remarkably declined in SOSCI trans-
fection group (p<0.05), indicating that the over-
expression of SOCS3 may inhibit the increase
of their levels. Moreover, the pathway proteins
also significantly declined in SOCS3 transfection
group, demonstrating that the overexpression of
SOCS3 can facilitate the recovery of lung injury
in SAP. Therefore SOCS3, as a key regulator of
the JAK2/STAT3 signaling pathway, seems to be
an effective target for the treatment of lung injury
in SAP. Further exploration into the JAK2/STAT3
pathway can find more therapeutic targets. To
sum up, the above results indicate that SOCS3
affects lung injury in SAP by down-regulating
the JAK2/STAT3 signaling pathway. However,
there are still some deficiencies in this study. For
example, the work was conducted at a certain
stage of the disease, but dynamic changes in the
development of the disease were not observed so
research can be carried out at multiple time points
in the future.

Conclusions

After the overexpression of SOCS3, the in-
flammatory level significantly declined, and the
levels of IL-6 mRNA and JAK2/STAT3 pathway
genes and proteins are all significantly down-reg-
ulated. Therefore, SOCS3 may exert a regulatory
effect on SAP and such an effect is realized main-
ly through the mediation of the JAK2/STAT3
pathway. This study provides a basis for the pre-
vention and treatment of SAP.
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