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Abstract: The aim this study is to explore effect of IL-10 on apoptosis of VSMCs in allograft arterial transplantation
rats, and to investigate mechanism. SD rats were divied into three groups, including control group (CN, with physi-
ological saline), blank vector group (BV, with blank adenovirus) and combined gene group (CG, with adenovirus car-
ried IL-10 gene). The isolated donor vascular was transfected with the adenovirus carried hiL-10 gene for 30 minutes
by immersing method. Forty-five days post transplantation, the grafts were harvested. The allografts pathologioc
changes were observed and the size of vascular intima and middle layer of allografts were measured. The expres-
sion of hlL-10 was detected by RT-PCR, ELISA and immunohistochemistry, respectively. The repression of Fas/Fasl
in artery allografts was also examined by immunohistochemistry method. The results indicated that 45 days after
transplantation, the intimal and middle hyperplasia ratio in CG group was significantly lower than that in CN and
BV group (P < 0.05). The transgene expression of human interleukin-10 was significantly enhanced in CG group
compared to CN and BV group by ELISA, RT-PCR and immunohistochemistry (P < 0.05). The expression of Fas/
FasL was higher in CG group compared with the other groups (P < 0.05). The level of apoptotic smooth muscle cells
were significantly increased in CG group compared to CN and BV group (P < 0.05). In conclusion, adenovirus medi-
ated IL-10 expression could up-regulate Fas/FasL expression, induce smooth muscle cell apoptosis and alleviate
angiosclerosis process. The IL-10 gene transfer to allograft artery could inhibit acute rejection reaction of allograft
vascular transplantation.
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Introduction 10 (IL-10) and tumor necrosis factor alpha (TNF-

«), and mediators, such as the cysteinyl leukot-
The previous study indicates that the smooth rienes and isoprostanes [6] Among these fac-
muscle cells (VSMCs) hyperplasia is the main tors, IL-10 is the outstanding one as the immu-
pathological basis of Allograft vascular disease nosuppressive cytokine. The proliferation of the

[4, 2]. The proliferation and migration of MSMCs VSMCs could be caused by growth factors,
have pivotal roles in the progression of athero- such as the basic fibroblast growth factor
sclerosis and the development of restenosis (bFGF), the platelet-derived growth factor
after vascular interventions [3]. VSMCs can be (PDGF), the epidermal growth factor (EGF) and
divided into two types, contractile and synthet- the insulin-like growth factor-1 (IGF-1) [7]. The
ic/proliferative [4]. The synthetic VSMCs con- PDGF, EGF, IGF-1 and bFGF can activate the

tribute to the progression of atherosclerosis . . o
and the formation of neointimal hyperplasia mltogen-gctlygted protgm klnases(MAP.Ks) gnd
phosphoinositide 3-kinase (PI3K) signaling

after vascular injury [5]. Furthermore, the ) )
VSMCs apoptosis is also very important for the pathways and lead to proliferation of VSMCs [8,
9]. Therefore, the IL-10 can inhibit the bFGF

Allograft vascular disease, which has not been

fully discussed in the previous reports, and has caused proliferation of the VSMCs [10].

been become the most promising fields for the

present transplantation immunology. The purpose of this study is to explore the effect
of I-10 on the apoptosis of the VSMCs in

Inflammatory response, both acute and chron- allograft arterial transplantation rats, and to

ic, is mediated by cytokines, such as interleukin investigate the mechanism in further step.
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Table 1. Primer sequences for the hIL-10mRNA RT-PCR

of 1.5 cm to be as the donor vas-

Primer Sequence

Length (bp)

cular. The Allograft vascular trans-

Hil-10  Up-stream

5’-ACCTGGGTTGCCAAGCCTT-3’
5’-ATCGATGACAGCGCCGTAG-3’
B-actin Down-stream 5’-GAGCTATGAGCTGCCTGACG-3’
5’-AGCACTTGCGGTCCACGATG-3’

plantation model was established
by using the carotid artery fiber
surgery anastomosis transplanta-
tion technology [11]. Three out of
the 39 rats died for the excessive

155

410

Materials and methods
Materials

The health SD rats, weight 300-350 g, were
provided by Shanghai Experimental Animal
Center of Chinese Academy of Sciences.
The adenovirus vector carried with [L-10
gene, AdenoVec-hlL-10, was purchased from
Invitrogen company (Invitrogen, CA, USA). The
antibodies anti- rat IL-10, anti- rat IL-1, anti- rat
IFN-y, SABC immunohistochemistry kit and DAB
staining kit were purchased from Boshide
Biology Company (Boshide, Wuhan, China). hlL-
10 ELISA detection kit was purchased from
Jingmei Biology (Jingmei, Shenzhen, China). hiL-
10 PCR amplification kits was purchased from
MBI company (MBI Fermentas, CA, USA).
Fluorescence imaging microscopy (PM10SP)
was purchased from Olympus (Olympus, Japan).
Gel image analysis system (Emager2200) was
purchased from Alpha company (Alpha, MA,
USA). Ultraviolet spectrophotometer was pur-
chased from Beckman Company (Beckman,
CA, USA).

Trial grouping

Twenty-nine SD rats were included in this study,
which were divided into 3 groups randomly,
including control group (CN), blank vector group
(BV) and combined gene group (CG). For the CN
group, the donor vascular was immersed in the
physiological saline with the heparin for 30 min
at 10°C. For the BV group, the donor vascular
was immersed in the transfection solution with
the blank adenovirus vector for 30 min at 10°C.
For the CG group, the donor vascular was
immersed in the tranfection solution with the
combined adenovirus vector with the hIL-10
gene for 30 min at 10°C.

Establishment of animal model
The donor SD rats were anaesthetized, and cut

a median incision at the neck. The arteria caro-
tis communis was dissociated, and cut a length
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anaesthesia.
Gene transfection

Transplanting the vascular of CG group into the
neck of the recipient rats. Forty-five days post
transplantation, the arteria carotis communis
was isolated and dissociated, and the heparin
(200 U/g) was injected intraperitoneally. The
isolated arteria carotis communis was cut for
the length of 1 cm, which was washed slightly
for the following process. The cut arteria carotis
communis was cleaved into several minor sec-
tions for tissue fixation, embedding, slicing and
HE staining. The specific process of the HE
staining performed according to Xe et al.’s
report [12]. The changes of vascular intima,
middle layer and vascular adventitia, the chang-
es of vascular vessel and macrophage infiltra-
tion were observed under optical microscope.
The imaging systems were used to calculate
the results above.

RT-PCR

The RT-PCR method was used to detect the
transcription of the hIL-10 mRNA in transplanted
vascular. The specific primers for hIL-10 mRNA
were listed in Table 1. In parallel, we selected
the individual B-actin as the internal control,
which sequence has also been indicated in
Table 1. The total RNA was isolated using
RNAsimple Total RNA Kit according to the
manufacturer’'s protocol (TIANGEN, Beijing,
China). The RNA purity and concentration were
examined on the wavelength (A256nm/
A280nm) more than 1.8. Reverse transcription
was performed using SuperScriptTM Il First-
Strand Synthesis System (Invitrogen, CA, USA)
as the manufacturer’s protocol. The procedure
and condition of the RT-PCR reaction for I1L-10
were performed as the followings: pre-
denaturation for 5 min at 94°C, denaturation
for 30 s at 94°C, annealing for 40 s at 57°C,
extending for 50 s at 72°C, for 30 cycles, and
finally extending for 10 min. The procedure and
condition of the RT-PCR reaction for B-actin
were performed as the followings: pre-
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Apoptosis of Smooth muscle cells

Figure 1. Morphologic changes (HE staining, 200x) and apoptosis (TUNEL assay, 200x%) of the smooth muscle cells
in every group. A: Pathogenic and morphologic changes of CN group; B: Pathogenic and morphologic changes of BV
group; C: Pathogenic and morphologic changes of CG group; D: Apoptosis in CN group; E: Apoptosis in BV group; F:
Apoptosis in CG group. The arrows in D to F represent the stained positive apoptotic cells.

denaturation for 5 min at 94°C, denaturation
for 20 s at 94°C, annealing for 20 s at 55°C,
extending for 75 s at 72°C, for 25 cycles, and
finally extending for 10 min. Quantitative
RT-PCR were performed using SYBR Premix
ExTaq Il (TaKaRa, Dalian, China), and detected
with the ABI7500 Real-time PCR system
instrument (Applied Biosystems, Foster city,
USA). After electrophoresed on 1% agarose gel,
the gel images of each PCR product were
digitally captured with a CCD camera and
analyzed with the gel image analysis system
(Emager 2200).

ELISA

The ELISA method was employed to detect the
expression of IL-10 in transplanted vascular.
The ELISA analysis was completed according to
the instruction of the ELISA kit (Jingmei,
Shenzhen, China).

Immunohistochemistry (SABC method)

The expression of IL-10 and Fas/Fasl were
detected by using the immunohistochemistry
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method. Firstly, the vascular samples per-
formed the antigen repair process. The sam-
ples were examined by the immunohistochem-
istry SABC method. The yellowish-brown nucle-
us represents the positive cells under the optic
microscope. The positive rate of the immuno-
histochemistry was observed in the total 5 visu-
al fields.

Tunel assay

Potential DNA fragment was examined by the
TUNEL apoptosis detection kit (Chemicon,
USA). Briefly, the samples were fixed with 4%
paraformaldehyde in 0.1 M NaH,PO,, pH7.4,
and endogenous peroxidase was inactivated by
3% H,0,. Cells were incubated with a solution
containing biotin-dUTP and the terminal
deoxynucleotidyl transferase (TdT) for 60 min.
After end-horseradish peroxidase, stained with
diaminobenzidine, and counterstained with
ethyl green to detect biotin-labeled nuclei.
Apoptosis bodies were stained as brown. Cell
nuclei were counted under the light microscope.
Apoptosis index (Al) was calculated as the
percentage of apoptosis cells. At least three
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Figure 2. Changes of VSMCs number and area size
in vascular intima and middle layer. A: Number of
VSMCs in intima and middle layer of smooth muscle
cells; B: Area size of VSMCs in intima and middle
layer of smooth muscle cells; C: The vascular intima
proliferative rate of the intima. "P < 0.05, P < 0.05
represent the index in CG group compared to the CN
and BV group, respectively.

independent observers counted the positive-
staining nuclei in ten fields (200x). The detailed
process of TUNEL assay was performed due to
Wang et al's methods [13].

Statistical analysis

All data were analyzed by using SPSS 10.0 soft-
ware, and presented as the mean + SD.
Statistical analysis was performed employing
the t test. Probabilities of less than 0.05 were
considered to be statistically significant.

Results
Morphologic changes of transplanted vessels

Forty-five days post transplantation in the CN
group, the thickness of the vascular intima was
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increased diffusely, the vessel was decreased,
and the smooth muscle cells were significantly
increased (Figure 1A). The thickness of vascu-
lar intima was decreased, and the smooth mus-
cle cells degenerated obviously. There were
also a few mononuclear cell infiltration in the
vascular adventitia. The pathogenic and mor-
phologic changes in BV were similar to the CN
group (Figure 1B). In the CG group, the smooth
muscle cells indicated significant changes 45
days post transplantation. The vascular intima
indicated an obvious hyperplasia, and the ves-
sel was increased compared to the CN group
(Figure 1C). The smooth muscle cells and the
collagen fibrils were decreased significantly. No
obvious mononuclear macrophage infiltration
was observed in the vascular intima. There
were no changes of smooth muscle cells in mid-
dle layer, and the Flexible fibre layer was intact.

IL-10 gene triggers changes of VSMCs number
and area size of vascular intima and middle
layer

From the Figure 2, we found that the number of
VSMCs in the intima and middle layer of CG
group were decreased significantly compared
to the CN and BV group (Figure 2A, both P <
0.05). The vascular intima size and middle layer
size in CG group were decreased significantly
compared to CN and BV group (Figure 2B, both
P < 0.05). Meanwhile, we also examined the
vascular proliferative rate in all of the three
groups. The results showed that the intima pro-
liferative rate was significantly decreased in the
CG group compared to the CN and BV group
(Figure 2C, both P < 0.05).

Expression of hilL-10

By the PCR amplification fcific band was found
in the CN and BV group. The western blot
results also indicated that the expression of
IL-10 in the CG group was higher significantly
compared to the CN and BV group (Figure 3B, P
< 0.002).

Furthermore, the expression of hlL-10 was also
detected by the immunohistochemistry. Only a
few expression of hIL-10 was discovered in the
CN and BV group (Figure 4A, 4B). However,
there was an intense hlL-10 expression in the
CG group, and which mainly distributed in the
cytoplasm of VSMCs with the chocolate brown
(Figure 4C).
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Figure 3. hlL-10 expression in VSMCs. A: RT-PCR detection for the hlL-10 mRNA expression; B: ELISA assay detection
for the hIL-10 protein expression. P < 0.001, *##P < 0.001 represent the index in CG group compared to the CN
and BV group, respectively.

Figure 4. IL.-10, Fas and FasL expressing detection by using the immunohistochemistry assay. A to C represent the
IL-10 expression in CN, BV and CG group, respectively; D to F represent the Fas expression in CN, BV and CG group,
respectively; G to | represent the FasL expression in CN, BV and CG group, respectively. The arrows represent the
positively stained smooth muscle cells.

IL-10 induces VSMCs apoptosis totic VSMCs cells were stained with the choco-

late brown and the nucleus were significantly
The positive staining signals mainly distributed condensed. The apoptotic cells in the CG group
in nucleus of the intima VSMCs cells. The apop- (Figure 1D) were increased significantly com-
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Table 2. Apoptosis index and Fas/FasL level in transplanted vascular tissues

enhances about 20

Groups Al Fas FasL times compared to
CN group 21.3+56 74 + 12 57+ 11 the most novel
BV group 19.4 +3.2 69 £ 15 6121 transfection  meth-
CG group 53.7 + 11.2" 164 + 32" 142 + 23" od with the new lipo-

“P < 0.05 represents the values in CG group compared to the values in CN group; #*P < 0.05
represents the values in CG group compared to the values in BV group.

pared to the CN and BV group (Figure 1E, 1F).
BV group indicated the equal amounts of posi-
tive staining compared to the CN group.
Moreover, by calculating the stained cells, the
apoptosis index was significantly enhanced in
CG group compared to CN and BV group (Table
2, both P < 0.05).

Fas/FasL expression in VSMCs

Fas/FasL expression is correlated closely with
the apoptosis. The Immunohischemistry results
indicated that the Fas positive stained tissues
in CG group were significantly higher compared
to the CN and BV group (Figure 4D-F), and indi-
cated a statistical analysis significance (Table
2, both P < 0.05). Also, the expression of the
FasL in the CG group were higher significant
compared to the CN and BV group (Figure 4G-I;
Table 2, both P < 0.05).

Discussion

The chronic rejection is the extensively accept-
ed viewpoint in the allograft vascular transplan-
tation caused angiosclerosis [14], but the spe-
cific mechanism has been fully investigated.
The characteristics of the angiosclerosis in the
allograft vascular transplantation include the
vessel wall increased, vessel becoming narrow,
vascular occlusion and function lose of graft,
which were all dependent on the the VSMCs
migration and proliferation [15].

Recent years, the main strategy for the chronic
rejection is characterized by targeting the
above histological changes and the related fac-
tors of these changes. Using the genetic engi-
neering technology to modify the gene of donor
could resolve the immunological rejection
response in the allograft organ transplantation
[16, 17]. There are many merits of the adenovi-
rus vector, including fast transfection, strong
adsorptive power to smooth muscle, higher
infective rate for resting stage cells, which

5869

some plasmid com-
plex [18]. The infec-
tive efficiency of the
gene products is
very higher, which possesses the most exten-
sive application potential in the field of organ
transplantation and gene therapy.

The previous reports indicate that there are
many similarity between the immunologic sup-
pression effects of IL-10 and immunologic sup-
pression status in the late stage of organ trans-
plantation [19]. Some scientists have been
transfected the IL-10 gene into organs to
observe the protective effects of IL-10, and
received some promising results [20, 21].
However, there also no related reports to inves-
tigate the protective effects of IL-10 gene for
allograft vascular transplantation caused
angiosclerosis.

This study established the model of allograft
vascular transplantation induced angiosclero-
sis. The vascular were immersed in the solu-
tions with the adenovirus vector carried the
IL-10 gene for therapy. The results indicated
that there extensive and exogenous expression
of IL-10 at both mRNA and protein levels 45
days post transplantation. However, no obvious
signals could observe in the CN and BV group.
The immunohistochemistry results showed
that the IL-10 mainly expressed in vascular inti-
ma smooth muscle cells and some of the
inflammatory cells, which strongly confirmed
that the gene transfection method of IL-10 is
very effective. Actually, our experiment has also
proved that the IL-10 was highly expressed, and
inhibited the proliferation of smooth muscle
cells, and alleviated the pathogenic injury of
transplanted vascular. Thus, we though this
method could achieve satisfying therapeutic
effects.

Sata et al. [22] has been transfected the ade-
novirus mediated Fas/FasL gene into rats
transplanted arteria carotis. The results indi-
cated that Fas/FasL inhibits the intimal hyper-
plasia by inducing the apoptosis of smooth
muscle cells. Our results also indicated that

Int J Clin Exp Pathol 2014;7(9):5864-5871
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comparing to the control group, the apoptotic
rate in the CG group significantly enhanced,
and the expression of Fas with FasL was signifi-
cantly up-regulated. Therefore, we speculated
that the Fas/FasL may participate in the protec-
tive effects of IL-10 gene transfection for the
angiosclerosis. The results also illustrated that
the expression of IL-10 could enhance the
smooth muscle cells apoptosis, and further
alleviate the angiosclerosis process by up-regu-
lating the expression of Fas/FasL.

In conclusion, adenovirus mediated IL-10
expression could up-regulate the Fas/FasL
expression, and induce smooth muscle cell
apoptosis and alleviate the angiosclerosis pro-
cess. The IL-10 gene transfer to allograft artery
could inhibit acute rejection reaction of allograft
vascular transplantation.

Acknowledgements

This work was granted by the Foundation for
Young Talents of Department of Science and
Technology in Fujian Province (No. 2006F3144).

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Haibo Liu, De-
partment of Cardiovascular Surgery, Quanzhou First
Hospital of Fujian Medical University, Dongjie Street,
Licheng District, Quanzhou 362000, China. Tel:
+86-595-28121233; Fax: +86-595-22278131;
E-mail: liuhaibomd@yeah.net

References

[1] Terada T. Immunohistochemical profile of nor-
mal mesothelium and histiocytic/methothelial
hyperplasia: a case report. Int J Clin Exp Pathol
2011; 4: 631-6.

[2] Davies H, Al Tikriti S. Coronary arterial pathol-
ogy in the transplantation in human heart. IntJ
Cardiol 2013; 25: 99-118.

[3] Ceriello A. Thiazolidinediones as anti-inflam-
matory and anti-atherogenic agents. Diabetes
Metab Res Rev 2008; 24: 14-26.

[4] Yoshida T and Owens GK. Molecular determi-
nants of vascular smooth cell diversity. Circ
Res 2005; 96: 280-91.

[5] Lin G, Chow S, Lin J, Wang G, Lue TF, Lin CS.
Effect of cell passage and density on protein
kinase G expression and activation in vascular
smooth muscle cells. J Cell Biochem 2004; 92:
104-12.

[6] Antczak A, Montuschi P, Kharitonov S, Gorski P,
Barnes PJ. Increase exhaled cysteinyl-leukotri-

5870

)

(10]

(11]

[12]

[14]

(15]

(17]

enes and 8-isoprostane in aspirin-induced
asthma. Am J Resp Crit Care 2002; 166: 301-
6.

Stewart DM, Tian L, Nelson DL. Linking cellular
activation to cytoskeletal reorganization: wis-
kott-Aldrich syndrome as a model. Curr Opin
Allergy Clin Immunol 2001; 1: 525-33.
Krymskaya VP, Pann RB, Orsini MJ, Scott PH,
Plevin RJ, Walker TR, Eszterhas AJ, Amrani Y,
Chilvers ER, Panettieri RA Jr. Phosphatidy-
linositol 3-kinase mediates mitogen-induced
human airway smooth muscle cell prolifera-
tion. Am J Physiol 1999; 277: L65-8.
Stamatiou R, Paraskeva E, Gourgoulianis K,
Molyvdas PA, Hatziefthimiou A. Cytokines and
growth factors promote airway smooth muscle
cell proliferation. ISRN Inflamm 2012; 2012:
731472.

Wang CY, Naka Y, Liao H, Oz MC, Springer TA,
Gutierrez-Ramos JC. Cardiac graft intercellular
adhension molecuae-1 and interleukin-1 ex-
pression mediated primary isograft failure and
induction of ICAM-1 in organs remote from the
site of transplantation. Circ Res 1998; 82:
762-72.

Splith K, Fellmer P, Matia |, Varga M, Oliverius
M, Kuhn S, Feldbrigge L, Krenzien F, Hau HM,
Wiltberger G, Schmelzle M, Jonas S. Antibody-
mediated rejection of arterialized venous al-
lografts is inhibited by immunosuppression in
rats. PLoS One 2014; 9: €91212.

Xu K, Liu XN, Zhang HB, An N, Wang Y, Zhang
ZC, Wang YN. Replication-defective HSV-1 ef-
fectively targets trigeminal ganglion and inhib-
its viral pathopoiesis by mediating interferon
gamma expression in SH-SY5Y cells. J Mol
Neurosci 2014; 53: 78-86.

Wang X, Dong CF, Shi Q, Shi S, Wang GR, Lei YJ,
Xu K, An R, Chen JM, Jiang HY, Tian C, Gao C,
Zhao YJ, Han J, Dong XP. Cytosolic prion protein
induces apoptosis in human neuronal cell SH-
SY5Y via mitochondrial disruption pathway.
BMB Rep 2009; 42: 444-9.

Shi X, Zhang M, Liu F, Wang Z, Zhang L, Cheng
H, Zhang S, Fei T, Guo M, Bian J, Wang Q, Ding
G. Tim-1-Fc suppresses chronic cardiac al-
lograft rejection and vasculopathy by reducing
IL-17 production. Int J Clin Exp Pathol 2014; 7:
509-20.

Labarrere CA, Nelson DR, Faulk WP. Endothelial
activation and development of coronary artery
disease in transplanted human hearts. JAMA
1997; 278: 1169-75.

Dugum M, Askar M, Pai RK, Yerian L, Bennett
A, McMahon J, Xie H, Eghtesad B, Hanouneh [,
Liu X. Re-examination of sinusoidal deposition
of complement 4d in liver allografts: experi-
ence from a single institution. Int J Clin Exp
Pathol 2014; 7: 784-91.

Imai M, Takigami K, Guckelbeger O, Kaczmarek
E, Csizadia E, Bach FH, Robson SC. Reco-

Int J Clin Exp Pathol 2014;7(9):5864-5871



(18]

[19]

5871

IL-10 inhibits acute rejection by triggering apoptosis

minant adenoviral mediated CD39 gene trans-
fer prolong scardial xenograft survival.
Transplantation 2000; 70: 864-70.

Akdis M, Akdis CA. Mechanism of allergen-spe-
cific immunotherapy: multiple suppressor fac-
tors at work in immune toterance to allergens.
J Allergy Clin Immunol 2014; 133: 621-31.

Qin L, Chavin KD, Ding H, Tahara H, Favaro JP,
Woodward JE, Suzuki T, Robbins PD, Lotze MT,
Bromberg JS. Retrovirus-mediated transfer of
viral 1-10 gene prolong murine cardiac al-
lograft survival. J Immunol 1996; 156: 2316-
23.

[20] GuoY, Chen'Y, Liu LB, Chang KK, Li H, Li MQ,

[21]

Shao J. I-:22 in the endometriotic milieu pro-
motes the proliferation of endometrial stromal
cells via stimulating the secretion of CCL2 and
IL-8. Int J Clin Exp Pathol 2013; 6: 2011-20.
Sata M, Perlman H, Muruve DA, Silver M, |kebe
M, Libermann TA, Oettgen P, Walsh K. Fas li-
gand gene transfer to the vessel wall inhibits
neointima formation and overrides the sdeno-
virus-mediated T cell response. Proc Natl Acad
Sci US A 1998; 95: 1213-7.

Int J Clin Exp Pathol 2014;7(9):5864-5871



