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Up-regulated Reg proteins induced by Interleukin-22
treatment ameliorate acute liver injury in rat model
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Abstract: Background: The regenerating gene (Reg), encoding lectin-related protein, was originally isolated from a
rat regenerating pancreatic islets. Interleukin-22 (IL-22), a recently identified cytokine, is produced by Th 17 cells
and natural killer cells. Both of them have been shown to play an important role in controlling tissue repair. But, it
is unclear whether the IL-22/Reg axis is involved in liver regeneration and the improvement of liver function in a rat
model of acute liver injury. Aims: We investigated the expression levels of Reg proteins after IL-22 stimulation in a
rat model of acute liver injury, and estimated the effects of Reg proteins ameliorating acute liver injury. Methods:
Western blot was used to measure the expressions of Reg |, Reg Ill, Reg IV proteins after treatment with recombi-
nant lentivirus IL-22. At the same time, the expression levels of TB, ALT, AST, endotoxin (ETM), superoxide dismutase
(SOD), malondialdehyde (MDA) were detected by related reagents. Results: In a rat model of acute liver injury, the
expression levels of Reg |, Reg I, Reg IV proteins were increased after treatment with IL-22 recombinant lentivirus
compared with treatment with lentivirus-empty vector, especially, Reg IV protein expression. Meanwhile, treatment
with IL-22 recombinant lentivirus reduced serum levels of TB, ALT, AST, ETM, and decreased MAD levels in rat liver
tissues, but increased SOD levels in rat liver tissues. Conclusion: IL-22 stimulation enhanced the expressions of Reg
proteins in liver cell, especially, Reg IV protein, and ameliorated liver injury in a rat model of acute liver injury. Reg
protein, especially Reg IV protein, might act as a biological mediator of immune cell-derived IL-22 in the recovering
mechanism of liver injury.
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Introduction tively [4]. Then, many results demonstrated that
Reg proteins were involved in cell regeneration,
anti-infection, anti-apoptosis, promoting cell

adhesion, and so on [5-15]. It was suggested

The liver has great regenerative potential in
that it has the ability to regeneration after injury

despite the fact that hepatocytes do not active-
ly divide in normal condition [1]. After partial
hepatectomy, mature hepatocytes will replicate
until the normal hepatic mass is restored. A
complex network of signaling pathways refers
to liver regeneration: a cytokine pathway,
responsible for hepatocyte priming; a growth
factor pathway, responsible for cell cycle pro-
gression [2]. The regenerating gene (Reg),
encoding lectin-related protein, was originally
isolated from a rat regenerating pancreatic
islets [3]. Reg family includes four subtypes.
However, there are just three subtypes to
express in human tissue and rat tissue, and
those are Reg |, Reg lll, Reg IV protein, respec-

that IL-6 and IFN-y were possible stimulators of
Reg lagene expression under inflammatory
conditions [16, 17]. However, the factors
involved in ectopic expression of the Reg gene
in the liver tissue are still unclear.

Interleukin-22 (IL-22) is a member of the inter-
leukin-10 (IL-10) family of cytokines. It is pro-
duced by activated T cells and natural Killer
(NK) cells [18, 19] and acts via a heterodimeric
receptor complex consisting of IL-22 receptor-a
(IL-22Ra) and IL-10 receptor-f (IL-10RB). IL-22Rs
are expressed on a variety of tissues, including
the kidney, pancreas, and liver [20]. It has been
identified that IL-22 promoted liver cell regen-
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Administration of rats

The rats were treated with
IL-22 recombinant lentivirus
or lentivirus-empty vector at
2 hours after injected with a
single dose of D-gal. The
treatment group were inject-
ed with IL-22 recombinant
lentivirus  (2x108 pfu/ml),
and the control group were
injected with lentivirus-emp-
ty vector (2x108 pfu/ml). All
the administrated rats were
euthanized at 1 day, 3 day, 5
day after injection as experi-

BREGL/GAFDE  mental procedure.
M REG3/GAPDH
m REG4/GAPDH estern blot analysis

Liver tissues were lysed in
protein extraction buffer
containing 20 mM Tris-HCL
(pH 7.4), 150 mM NaCl, 2
mM EDTA, 1% Nonidet P-40,
50 mM NaF, and 1x protein-
ase inhibitor. Protein extract
was fractionated by SDS-
polyacrylamide gel electro-
phoresis and transferred to
a polyvinylidene difluoride
membrane. The membrane
was incubated with a prima-

Figure 1. Reg IV expressions at all time points were much higher in the treat-  ry antibody and then with a
ment group compared with the control group (P < 0.05); Reg | expressions at  peroxidase-conjugated sec-
1 day, 3 day were markedly stronger in the treatment group compared with the ondary antibody. Proteins

control group (P < 0.05); Reg Ill expression at 1 day was significantly greater in
the treatment group compared with the control group (P < 0.05).

eration by increasing hepatic proliferation and
hepatocyte migration [21]. In this study, there-
fore, we attempted to clarify whether the I1L-22/
Reg axis is involved in the recovering of acute
liver injury.

Materials and methods
A rat model of acute liver injury

Rats with 18015 g weight were purchased from
Animal Center of Chongqing Medical University.
After adaptive feed for 7 days, the rats were
injected with a single dose of D-gal (1.8 g/kg),
and then divided into two groups. They were
treatment group and control group. The rats
were administrated after injection for 2 hours
when the serum levels of ALT and AST were
marked increase.
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were detected using an
enhanced chemilumines-
cence system.

Blood chemistry, endotoxin and lipid peroxida-
tion assay

The rat blood was sent to the Clinical Laboratory,
The First Affiliated Hospital of Chong-
ging Medical University for assaying the level of
TB, ALT and AST. The serum level of endotoxin
was detected by chromogenic substrate limu-
lus reagent kit. Then, the MDA and SOD levels
of rat liver tissues were detected by glucosino-
lates barbituric acid colorimetric method and
xanthine oxidase assay, according to the
manuals.

Statistical analysis

Data were expressed as means+SD. To com-
pare values obtained from two groups, t-Test
was performed by statistical software SPSS

Int J Clin Exp Med 2015;8(1):1253-1258



Reg and acute liver injury

Blood chemistry, the levels
of endotoxin and lipid per-
5 day oxidation in the treatment
group and the control group

Table 1. Blood Chemistry, the levels of endotoxin and lipid peroxida-
tion in two groups

Groups ltems 1 day 3 day

Treatment group TB 0.82+0.05 40.21+3.04 60.6315.42
ALT 496.87+10.03 633.52+13.21 896.65+15.85
AST 600.42+10.65 953.66+12.45 1963.78+41.23

To explore the therapeutic

ETM 2.82+0.42 5.37+0.31

SOD 122.67+2.42 101.849+1.23

MAD  10.48+0.62 13.45+0.96
Control group B 1.38+0.32 69.86+7.20

ALT 663.56+13.32 1132.11+56.47
AST 798.56+16.25 1675.98+52.24

ET™M 3.75+0.39 9.53+0.49
SOD 101.28+3.53 81.28+2.57
MAD  14.86+0.83 19.06%0.75

potential of IL-22 in acute

1.12£0.12 liver injury, blood chemistry,
140.2142.71 the levels of endotoxin and
4.25+0.35 lipid  peroxidation  were
127.23+11.64 assessed in both groups.
2564.38+66.85 According to our data (Table
3012.24+68.32 1), the serum levels of TB,
4.15+0.61 ALT, AST were lower after
105.78+0.52 injection with IL-22 recombi-

11.68+0.93 nant lentivirus compared

13.0. P < 0.05 was considered statistically
significant.

Results
Reg protein expressions in rat liver tissues

To investigate whether the IL-22/Reg axis is
involved in liver regeneration, we examined the
expressions of Reg |, Reg lll, Reg IV in rat liver
tissues after administration by western blot.
IL-22 stimulation enhances the expressions of
Reg proteins in liver tissue. In the treatment
group, the expression levels of Reg proteins
were significantly greater at 1 day after IL-22
recombinant lentivirus stimulation than at
other time points, and then were decreased
gradually from 1 day to 5 days. In the control
group, the expression levels of Reg proteins
were minimal at 1 day after lentivirus-empty
vector stimulation compared with other time
points, and were increased gradually from 1
day to 5 days. In each group, Reg IV expression
was obviously stronger than Reg | or Reg Il
expression. Meanwhile, Reg IV expressions at
all time points were much higher in the treat-
ment group than in the control group.
Nevertheless, Reg | expressions at 1 day, 3 day
were markedly stronger in the treatment group
than in the control group, and Reg | expression
at 5 day in the treatment group was similar to
that in the control group; Reg lll expression at 1
day was significantly greater in the treatment
group than in the control group. But, Reg llI
expressions at 3 day, 5 day in the treatment
group were as many as those were in the con-
trol group (Figure 1).
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with control group, especial-
ly, after injection for 3 days (P
< 0.05). Meanwhile, the level of ETM was sig-
nificantly decreased after treatment with IL-22
compared with control group (P < 0.05). In con-
trast to the control group, the levels of SOD in
rat liver tissue were obviously higher in the
treatment group (P < 0.05), however, MAD lev-
els were significantly decreased in the treat-
ment group from 1 day (P < 0.05). In a word, the
treatment of IL-22 recombinant lentivirus ame-
liorated liver function and lipid peroxidation in a
rat model of acute liver injury.

Discussion

Although the recovering mechanism of liver
injury is still unclear, accumulating evidences
suggest the complex process of liver regenera-
tion, including the precise timing and coordina-
tion of DNA replication, is controlled by multiple
hormonal and cytokine signals. Cytokines and
growth factor such as TNF-q, IL-6, transforming
growth factor-B, and hepatocyte growth factor
have been shown to be involved in the priming
and progression of hepatocyte proliferation
after liver injury [22-26]. Recently, some
researchers have found IL-22 could promote
liver regeneration and improve liver function
after liver injury [27, 28]. In our study, we identi-
fied the role of IL-22 in liver cell regeneration
again. Our results showed treatment with IL-22
recombinant lentivirus reduced serum levels of
TB, ALT, AST, ETM, meanwhile, decreased MAD
levels in rat tissues, but increased SOD levels
in rat tissues. These data illustrated IL-22 had
an important effect on the recovery of acute
liver injury.
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Interestingly, Akira Sekikawa et al [29] have
demonstrated IL-22 is responsible for Reg I
overexpression in the colonic epithelium of UC
mucosa. Therefore, in this study, we examined
whether IL-22 stimulation enhances the expres-
sions of Reg proteins in liver cell after liver inju-
ry, because in the early stage of our work, we
discovered Reg proteins, including Reg |, Reg
IIl, Reg IV, in liver tissues were distinctly upregu-
lated in the process of liver regeneration. In
term of our results, the expression levels of Reg
I, Reg Ill, Reg IV proteins were increased after
treatment with IL-22 recombinant lentivirus
compared with treatment with lentivirus-empty
vector. Among the three subtypes of Reg pro-
teins, the upregulation of Reg IV protein was
most obvious. So, it appears reasonable to
speculate that IL-22 stimulation is responsible
for Reg protein overexpression in liver tissue.
Moreover, several studies have emphasized
that IL-22 mediates host defense against bac-
terial pathogens [30, 31] and promotes wound
healing by exerting cell proliferative and anti-
apoptotic effects [32, 33]. Zhang et al [30]
have reported that Reg family proteins mediat-
ed the antibacterial effect of IL.-22 in murine
experimental colitis. Along with others, we have
suggested that Reg family protein are impor-
tantly involved in the regeneration of tissues
[34-36]. Accordingly, together with our present
data, it is tempting to speculate that Reg IV pro-
tein is most pivotal target for IL-22 in protecting
liver tissue from inflammation-associated inju-
ry, although further studies will be needed to
test this hypothesis.

In summary, we have shown that the expres-
sion levels of Reg proteins were stronger, espe-
cially Reg IV protein, and liver injury was amelio-
rated after treatment with IL-22 recombinant
lentivirus in a rat model of acute liver injury.
Taken together, our data suggested that Reg
protein, especially Reg IV protein, might act as
a biological mediator of immune cell-derived
IL-22 in the recovering mechanism of liver
injury.
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