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Abstract
AIM: To investigate the role of interleukin (IL)-17 in 
small bowel allograft rejection. 

METHODS: We detected the expression of helper T 
cell 17 (Th17) cells in biopsy specimens from 3 cases 
of living small bowel transplantation in our department 
through immunofluorescence stain. We then estab-
lished a rat heterotopic small bowel transplantation 
model. The rats were sacrificed on the 1st, 2nd, 3rd, 5th, 
and 7th d after small bowel transplantation. The de-
grees of transplantation rejection in rat intestine graft 
were examined through hematoxylin eosin (HE) stain, 
and the expression of Th17 cells in rat intestine graft 
were detected through immunofluorescence stain. 
In addition, the recipient rats undergoing intestinal 
transplantation were administrated with mouse-anti-
rat IL-17 monoclonal antibody (mAb), and the survival 
of rats was analyzed. The recipient rats which received 
mouse-anti-rat IL-17 mAb treatment were sacrificed on 
the 1st, 2nd, 3rd, 5th, and 7th d after small bowel trans-
plantation. The degrees of transplantation rejection and 
the expression of Th17 cells in rat intestine graft were 
detected through HE and immunofluorescence stain. 
The expression of IL-17, IL-1β, tumor necroses factor 
receptor-α (TNF-α), IL-6, and IL-8 in the intestine graft 
or serum were also detected.

RESULTS: The expressions of Th17 cells ran parallel 
with the degree of acute rejection in human intestine 
grafts. The intestine graft rejection of rats was aggra-
vated with prolonged duration after intestinal trans-
plantation, and the expressions of Th17 cells were also 
correlated with the degree of acute rejection in rat 
intestine grafts. Administration of mouse-anti-rat IL-17 
mAb prolonged the survival of rats after small bowel 
transplantation (P  < 0.001). Furthermore, we found 
that the administration of mouse-anti-rat IL-17 mAb 
significantly decreased the intensity of CD4+IL-17+ Th17 
cells in intestine grafts on the 2nd, 3rd, 5th, and the 7th d 
(97.22 ± 4.05 vs 12.45 ± 2.02 on the 7th d, P  < 0.0001), 
and suppressed the severity of acute rejection. The 
expression of IL-17 in the intestine graft declined after 
mouse-anti-rat IL-17 mAb administration on the 2nd, 3rd, 
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5th, and the 7th d (0.88 ± 0.03 vs 0.35 ± 0.02 on the 7th 
d, P < 0.0001). We also detected the IL-17 serum level 
and found that the IL-17 level reduced from the 1st d to 
the 7th d (6.52 ± 0.18 ng/mL vs 2.04 ± 0.15 ng/mL on 
the 7th d, P < 0.0001). No significant difference in the 
level of IL-17 mRNA in the intestine graft was identified 
between the two groups. The levels of IL-1β, TNF-α, 
IL-6, and IL-8 mRNA in the intestine graft after the 
administration of mouse-anti-rat IL-17 mAb were also 
tested. We found that on the 3rd, 5th, and 7th d after 
intestinal transplantation, administration of mouse-anti-
rat IL-17 mAb significantly inhibited the levels of IL-1β 
(12.11 ± 1.16 vs 1.27 ± 0.15 on the 7th d, P < 0.001), 
TNF-α (27.37 ± 2.60 vs 1.06 ± 0.26 on the 7th d, P  < 
0.001), IL-6 (21.43 ± 1.79 vs 1.90 ± 0.32 on the 7th d, 
P < 0.001), and IL-8 (20.44 ± 1.44 vs 1.34 ± 0.20 on 
the 7th d, P < 0.001) mRNA in the intestine graft.

CONCLUSION: IL-17 may act as a promising and 
potent target for inhibiting acute rejection after small 
bowel transplantation. 

© 2013 Baishideng. All rights reserved.
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INTRODUCTION
Small bowel transplantation is a prevailing therapy for 
short bowel syndrome[1-3]. However, compared with liv-
er[4,5], kidney[6,7], and heart transplantation[8,9], small bowel 
transplantation has less satisfying effects. The small bowel 
and mesentery involve redundant lymphoid tissue, which 
are organs with high immunogenicity prone to inducing 
severe transplantation rejection. FK506 (Tacrolimus) may 
inhibit the activation of  T cells through suppressing the 
production of  rejection related cytokines, calcium-depen-
dent phosphatase calcineurin, and JNK/p38 pathways[10,11]. 
FK506 can prevent the aggregation of  lymphocytes in the 
early rejection and chemotaxis of  inflammatory cells. But 
the usage of  FK506 after clinical small bowel transplanta-
tion may result in severe side effects, such as renal toxicity 
and neurotoxicity[12]. 

Recently, the helper T cell (Th)1/Th2 paradigm has 
been expanded, following the discovery of  a third subset 
of  effecter T helper cells that produce interleukin (IL)-17 
(Th17) and exhibit effecter functions[13-15]. On the basis 
of  these studies, investigators proposed that IL-17-pro
ducing T cells serve as a distinct T helper cell subset, 
which are called Th17 cells[16-18]. The primary function of  
Th17 cells appears to be the clearance of  pathogens that 

are not adequately handled by Th1 or Th2 cells[19]. Th17 
cells, as potent inducers of  tissue inflammation, have a 
proven association with the pathogenesis of  many ex-
perimental autoimmune diseases and human inflamma-
tory conditions[20,21]. 

In the present study, we reveal that Th17 cells and 
IL-17 cytokine are expressed in the intestine graft after 
small bowel transplantation. Furthermore, we found that 
the level of  Th17 cells ran parallel with the degree of  
rejection. The data clearly indicates that Th17 cells and 
IL-17 cytokine may play an important role in transplant 
rejection. 

MATERIALS AND METHODS
Patients and specimens 
This study was approved by the Ethics Committee of  
the Fourth Military Medical University. Biopsy specimens 
embedded in paraffin from 3 cases of  living-related 
small bowel transplantation were collected from Xijing 
Hospital of  Digestive Diseases, Fourth Military Medical 
University (FMMU) from 1999 to 2003. All clinical infor-
mation was available. The sections were stained for path-
ological examination. The brief  clinical characteristics of  
these patients are listed as follows: Patient No. 1 was an 
18-year-old boy with a 40 cm intestine who received a 
150 cm segment of  distal ileum from his father; Patient 
No. 2 was a 17-year-old boy with a 8 cm intestine who 
received a 170-cm graft of  distal ileum from his father 
and; Patient No. 3 was a 15-year-old boy with a 10 cm in-
testine who received a 160-cm graft of  distal ileum from 
his mother. All the recipients underwent different degrees 
of  graft rejection after operation. The first two patients 
survived, while the third died from acute graft rejection 
and severe infection. 

Mice 
Forty inbred male F344/NCrl BR and forty LEW/Crl 
rats (age: 8 to 12 wk old, weight: 180 to 230 g) were pur-
chased from Vital River Lab Animal Technology Co., 
Ltd (Beijing, China). Animals were maintained in specific 
pathogen-free conditions. All animal experiments were 
approved by the Animal Experiment Administration 
Commission of  FMMU. 

Small bowel transplantation 
Donors and recipients were intraperitoneally anesthetized 
with pentobarbital (5 g/L). The small intestine 5 cm distal 
to the ligament of  Treitz was harvested from the donor rats 
and 20 cm of  isolated jejunum, along with mesenteric blood 
vessels, was prepared for transplantation. The left kidney of  
each recipient was removed and the infrarenal abdominal 
aorta isolated. An end-to-side vascular anastomosis was 
performed between the recipient and donor’s abdominal 
aortae. The cuffed portal vein was inserted into the left 
renal vein. The two ends of  the small bowel graft were 
constructed as separate stomas through the left abdomi-
nal wall. Detailed procedures were followed as previously 
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2nd, 3rd, 5th, and 7th d afterwards. 

Histology 
Specimens were fixed in 4% paraformaldehyde, embed-
ded in paraffin, sectioned at 4 µm thickness, and stained 
with hematoxylin and eosin, following standard methods 

described[22]. In treatment experiments, the recipient rats 
in the control group were administrated with mouse-
immunoglobulin G (IgG), while the recipient rats in 
the anti-IL-17 monoclonal antibody (mAb) group were 
administrated intravenously with 200 µg mouse-anti-rat 
IL-17 mAb[23] daily during the operation, and on the 1st, 
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Figure 1  Expression levels of helper T cell 17 cells in intestine grafts paralleled with the degree of rejection in human recipients. The paraffin-embedded hu-
man intestine tissues after small bowel transplantation were sectioned and stained with hematoxylin eosin (HE), anti-rat-interleukin-17, and anti-rat-CD4 fluorescence 
antibodies (× 400). A-E: HE staining of intestine graft; F-J: Helper T cell 17 (Th17) immunofluorescence staining of intestine graft; A, F: No acute rejection; B, G: Suspi-
cious acute rejection; C, H: Mild acute rejection; D, I: Moderate acute rejection; E, J: Severe acute rejection; K: Mean fluorescence intensity (MFI) of Th17 expression 
of intestine graft. 
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for routine morphological analysis. 

Diagnostic criteria for transplant rejection of human and 
rat small bowel transplantation 
The biopsy specimens of  human and rat intestine grafts 
were stained with hematoxylin eosin (HE), and analyzed 

by two independent pathologists. The histological degrees 
for acute intestine graft rejection were divided into four 
grades: indeterminate for acute rejection, mild acute rejec-
tion, moderate acute rejection, and severe acute rejection. 
The details of  the diagnostic criteria for acute intestine 
graft rejection have been described previously[24]. 
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Figure 2  Expression levels of helper T cell 17 cells in intestine grafts paralleled with the degree of rejection in rat recipients. The intestines from inbred F344 
were transplanted to LEW rats. The recipient rats were sacrificed on the 1st, 2nd, 3rd, 5th, and 7th d after transplantation. The grafts were removed, fixed, and embedded. 
The sections were stained with hematoxylin eosin (HE), anti-rat-interleukin-17, and anti-rat-CD4 fluorescence antibodies (× 400). A-E: HE staining of intestine graft; F-J: 
Helper T cell 17 (Th17) immunofluorescence staining of intestine graft; A, F: 1 d after transplantation; B, G: 2 d after transplantation; C, H: 3 d after transplantation; D, I: 
5 d after transplantation; E, J: 7 d after transplantation; K: Mean fluorescence intensity (MFI) of Th17 expression of intestine graft. 
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Immunofluorescence 
The paraffin-embedded human intestine mucosa speci-
mens were sectioned at 4 µm thickness. Immunofluo-
rescence was performed by standard procedures, with 
rabbit-anti-human IL-17 polyclonal antibody (1:50 dilu-
tion; Santa Cruz Biotechnology) and mouse-anti-human 
CD4 mAb (1:100 dilution; Santa Cruz Biotechnology) as 
the primary antibodies. Goat-anti-rabbit IgG-TR (1:50 
dilution; Santa Cruz Biotechnology) and goat-anti-mouse 
IgG-FITC (1:50 dilution; Santa Cruz Biotechnology) 
were taken as secondary antibodies. We did not compare 
the staining for IL-17 before and after transplantation, 
but only selected the paraffin-embedded human intestine 
mucosa specimens at different transplantation rejection 
degrees in order to detect the expressions of  Th17 cells.

The negative control sections were used in our im-
munofluorescence method. We took phosphate buffered 
solution (PBS) instead of  the primary antibodies as a 
negative control, and adopted rat cardiac allograft speci-
men sections as a positive control (data not shown). The 
methods of  the immunofluorescence stain of  Th17 in 
our present study were in accordance with our previous 
report[25]. 

Western blotting 
The total proteins of  the intestine graft were extracted 
and determined according to the manufacturer’s manuals. 
Proteins were electrophoresed in 12% sodium dodecyl 
sulfate-polyacrylamide gel electrophoresis and blotted 
on a nitrocellulose membrane. The membrane was incu-
bated with rabbit anti-rat IL-17 polyclonal antibody (1:500 
dilutions). After three washes for 15 min in PBS-T, the 
membrane was incubated with the HRP-conjugated goat-
anti-rabbit IgG antibody (1:2000 dilutions). Blots were 
developed by using an enhanced chemiluminescence sys-
tem (ECL, Amersham, Little Chalfort, United Kingdom). 
β-actin was considered as an internal control. 

Enzyme-linked immunosorbent assay
Blood from the heart was extracted when the rat was 
sacrificed. Serum was collected and adopted in order to 
detect the level of  IL-17 with a rat IL-17 enzyme-linked 
immunosorbent assay kit (ELISA) (Rapidbio, America) 
by standard procedures. A450 nm was recorded by a spec-
trophotometer, and was compared between groups. 

Quantitative real time polymerase chain reaction 
Total RNA was extracted from rat intestine grafts with a 
homogenizer by using TRIzol reagent (Invitrogen, Carls-
bad, CA) according to the manufacturer’s instructions. 
Complementary DNA was prepared with a reverse-tran-
scription kit from TOYOBO (Osaka, Japan). Real-time 
reverse-transcription polymerase chain reaction (RT-PCR) 
was performed by using a kit (SYBR Premix EX Taq, 
Takara) and the ABI PRISM 7500 real-time PCR system, 
with β-actin as an internal control. Primers used in real-
time PCR were as follows, β-actin, forward: CATCCG-
TAAAGACCTCTATG CCAAC, reverse: ATGGAGC-
CACCGATCCACA; IL-17, forward: GGGAAGTTGGA 
CCACCACAT, reverse: TTCTCCACCCGGAAAGT-
GAA; IL-1β, forward: CTTCAAATCTCACAGCAGC 
ATCTCG, reverse: TCCACGGGCAAGACATAGGT 
AGC, tumor necroses factor receptor-α (TNF-α), for-
ward: CTGTGCC TCAGCCTCTTCTCATTC, reverse: 
TTGGGA ACTTCTCCTCCTTGTTGG; IL-6, forward: 
GACTGATGTTGTTGACAGCCACTGC, reverse: 
TAGCCACTCCTTCTGT GACTCTAACT, IL-8, for-
ward: GCCAACAC AGAAATTATTGTAAAGCTT, 
reverse: CCTCTGCACCCAGT TTTCCTT. 

Statistical analysis
Statistical analysis was performed with the SPSS 16.0 pro-
gram. Results were expressed as means ± SD. Compari-
sons between groups were made by the unpaired Student’s 
t-test. For survival studies, Kaplan-Meier survival curves 
were generated and a statistical analysis was performed 
via the log-rank test. P < 0.05 was considered statistically 
significant. 

RESULTS
Expression levels of Th17 cells in intestine graft ran 
parallel with the degree of rejection. 
To examine the expression of  Th17 cells on a human 
intestine graft, biopsy specimens embedded in paraffin 
from 4 cases of  living small bowel transplantation in our 
department were collected and stained with HE (Figure 
1A-E) and antibodies against IL-17 and CD4 (Figure 
1F-J). The density of  IL-17+CD4+ Th17 cells was calcu-
lated and analyzed by Image-Pro-Plus 5.1 software. As 
shown in Figure 1K, the density of  IL-17+CD4+ Th17 
cells increased when the rejection degrees aggravated. 

In order to investigate whether Th17 cells exist in 
rat intestine grafts after transplantation, intestines from 
F344/NCrl BR were grafted to LEW/Crl rats; the recipi-

Control
Anti-IL-17mAb

Figure 3  Administration of anti-interleukin-17 monoclonal antibody pro-
longed the survival of rats after small bowel transplantation. The intestines 
from inbred F344 were transplanted to LEW rats. The recipient rats were ran-
domly divided into control and anti-interleukin (IL)-17 monoclonal antibody (mAb) 
treated groups. The survival of recipient rats was analyzed. 
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ent rats were sacrificed on the 1st, 2nd, 3rd, 5th, and 7th d 
after transplantation, and the expression of  Th17 cells 
in rat intestine grafts were analyzed (Figure 2A-J). In ac-
cordance with the findings in human intestine grafts, we 
found that Th17 cells were located in rat intestine grafts 
and the degree of  Th17 cells corresponded to the sever-
ity of  transplant rejection (Figure 2K). Taken together, 
Th17 cells did exist in intestine grafts, and the levels of  

Th17 cells might relate to the transplant rejection degrees 
in both human and rat recipients. 

Administration of anti-IL-17 mAb prolonged the survival 
of rat post-transplantation 
Since IL-17 may play a role in small bowel transplantation 
rejections, we hypothesized that IL-17 could be consid-
ered as a potential target for the treatment of  graft rejec-
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Figure 4  Administration of anti-interleukin-17 monoclonal antibody decreased the expression levels of helper T cell 17 cells in intestine grafts in rat re-
cipients. The intestines from inbred F344 were transplanted to LEW rats. The recipient rats were randomly divided into control and anti-interleukin (IL)-17 monoclonal 
antibody (mAb) treated groups. The rats were sacrificed on the 1st, 2nd, 3rd, 5th, and 7th d after transplantation. The grafts were removed, fixed, and embedded. The 
sections were stained with hematoxylin eosin (HE), anti-rat-IL-17, and anti-rat-CD4 fluorescence antibodies (× 400). A-E: HE staining of intestine graft; F-J: Helper T 
cell (Th) 17 immunofluorescence staining of intestine graft; A, F: 1 d after transplantation; B, G: 2 d after transplantation; C, H: 3 d after transplantation; D, I: 5 d after 
transplantation; E, J: 7 d after transplantation; K: Mean fluorescence intensity of Th17 expression of intestine graft. aP < 0.05, bP < 0.01 vs control group. 
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tion. In order to further demonstrate our hypothesis, the 
recipients were administrated with mouse-anti-rat IL-17 
monoclonal antibody intravenously during, and after, 
small bowel transplantation, and the survival of  recipi-
ents were analyzed. We found that administration of  anti-
IL-17 mAb could significantly prolong the survival of  
rats after small bowel transplantation (Figure 3). 

Anti-IL-17 mAb administration inhibited transplant 
rejection of intestine graft 
We further analyzed the effect of  anti-IL-17 administra-
tion on graft rejections. The administration of  anti-IL-17 
mAb was proved to effectively inhibit transplant rejection 
of  intestinal grafts in rats post-transplantation by HE 
staining (Figure 4A-E). Furthermore, we found that the 
expression of  Th17 cells in intestine grafts also dramati-
cally declined (Figure 4F-K), indicating that anti-IL-17 
mAb could possibly prolong the survival of  recipient rats 
by inhibiting transplant rejection. 

Anti-IL-17 mAb administration decreased IL-17 
expressions in rat 
During and after allotransplantation, recipient rats were 
administrated with anti-IL-17 mAb. The recipient rats 

were sacrificed on the 1st, 2nd, 3rd, 5th, and 7th d after 
transplantation. The expressions of  IL-17 in intestine 
grafts and serums were further detected by western blot 
and ELISA (Figure 5). In the control group which only 
received saline administration, the levels of  IL-17 pro-
tein in the intestine graft and serum were found to have 
increased post-allotransplantation and run parallel with 
transplant rejection degrees. In the anti-IL-17 mAb ad-
ministration group, the expression of  IL-17 could also be 
detected, but the degrees were remarkably lower than the 
control group. The levels of  IL-17 mRNA in the intes-
tine graft in two groups were not significantly different. 
Therefore, the administration of  anti-IL-17 mAb could 
decrease the IL-17 level in intestine grafts and serum. 

Anti-IL-17 mAb administration decreased expressions of 
related cytokines 
As shown in Figure 6, the expressions of  IL-1β, IL-6, 
IL-8, and TNF-α mRNA of  intestine grafts in the con-
trol group were found to increase post-allotransplantation 
and correlate to transplant rejection degrees. Administra-
tion of  anti-IL-17 mAb could dramatically decrease the 
expression of  mRNA levels of  these cytokines in intes-
tine grafts, compared with the control group. 
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Figure 5  Expression of interleukin-17 in rat intestine and serum after transplantation. The intestines from inbred F344 were transplanted to LEW rats. The 
recipient rats were randomly divided into control and anti-interleukin (IL)-17 monoclonal antibody (mAb) treated groups. The rats were sacrificed on the 1st, 2nd, 3rd, 5th, 
and 7th d after transplantation. A: Western blot analysis of graft proteins of different groups. β-actin were considered as an internal control; B: The bands were scanned 
and the protein expressions were analyzed with Band Scan software; C: Blood from the heart was extracted and the serum IL-17 levels was detected by enzyme-
linked immunosorbent assay; D: The mRNA of IL-17 was detected by quantitative reverse transcriptase polymerase chain reaction. β-actin was considered as an 
internal control. aP < 0.05, bP < 0.01 vs control group. 
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DISCUSSION
Th17, known as a distinct lineage of  helper T cells from 
Th1 and Th2, has both a defense role against microbe in-
fection and a pathogenic role in several autoimmune dis-
eases[26]. Th17 cells have been shown to be implicated in 
allograft rejection of  solid organs, such as lung and cardi-
ac transplantation[25,27,28]. Vanaudenaerde et al[27] observed 
that IL-17 expression increased in bronchoalveolar lavag-
es in patients with acute lung transplantation rejection. 
The disease-promoting role of  Th17 in cardiac allograft 
rejection was also confirmed, especially in the absence of  
a Th1 response[25]. Th17 cells not only function in host-
versus-graft disease, but also participate in graft-versus-
host disease[29-31]. So far, the relationship between Th17 
cells and small bowel transplantation has been unclear. In 
this study, we demonstrated that Th17 cells participated 
in the development of  human and rat small bowel trans-
plantation rejection. 

Here we found that Th17 cells existed in intestine 
grafts with different degrees of  acute rejection. Further-
more, we indicated that the density of  Th17 cells in-
creased when the rejection degree aggravated, suggesting 
that it might be related to the transplant rejection degrees 
in human recipients. Th17 cells were also found to be lo-
cated in rat intestine grafts, and the degree of  Th17 cells 

correlated with transplant rejection degrees, which was in 
accordance with the findings in human intestine grafts. 
These demonstrate that Th17/IL-17 may participate and 
play a critical role in the graft rejections of  small bowel 
transplantation. 

IL-17, secreted by Th17 cells, is a highly inflamma-
tory cytokine with robust effects on stromal cells in many 
tissues[32,33]. Hsieh et al[34] reported that IL-17 could serve 
as a predictive parameter for borderline subclinical renal 
allograft rejection in the future. Itoh et al[35] found that 
IL-17-deficient recipient mice had decreased allograft 
inflammatory cell recruitment, and demonstrated that 
IL-17 contributed to the pathogenesis of  chronic al-
lograft rejection. In order to demonstrate the key role of  
IL-17 in the graft rejection of  small bowel transplanta-
tion, we utilized mouse-anti-rat IL-17 mAb to treat recip-
ient rats undergoing small bowel transplantation for the 
first time. Surprisingly, after administration of  anti-IL-17 
mAb, the acute rejection degrees of  recipient rats sig-
nificantly decreased compared to the control group. The 
levels of  Th17 cells that had infiltrated the intestine graft 
during anti-IL-17 mAb administration also fell greatly. 
Administration with anti-IL-17 mAb could extend the 
survival time of  rats undergoing small bowel transplanta-
tion. To sum up, IL-17 cytokine could probably be taken 
as a potent target to treat acute rejection in small bowel 
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Figure 6  mRNA level of interleukin-1β (A), tumor necrosis factor-α (B), interleukin-6 (C), and interleukin-8 (D) were analyzed by reverse transcriptase poly-
merase chain reaction. The intestines from inbred F344 were transplanted to LEW rats. The recipient rats were randomly divided into control and anti-interleukin (IL)-17 
mAb treated groups. The rats were sacrificed on the 1st, 2nd, 3rd, 5th, and 7th d after transplantation. The mRNA was extracted and quantitative reverse transcriptase 
polymerase chain reaction was performed. β-actin was considered as an internal control. aP < 0.05, bP < 0.01 vs control group.
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transplantation. 
The differentiation factors (transforming growth 

factor beta plus IL-6 or IL-21), the growth and stabiliza-
tion factor (IL-23), and the transcription factors (signal 
transducer and activator of  transcription 3, related or-
phan receptor-γt (RORγt), and RORα) were involved in 
the development of  Th17 cells. Mice reconstituted with 
the bone marrow of  RORγt deficient mice showed an 
impaired Th17 differentiation. The combinations of  IL-
1β plus IL-6[36] or IL-1β plus IL-23[37] were proposed to 
be the differentiation factors for human Th17 cells. We 
found that the expression of  IL-1β and IL-6 was signifi-
cantly decreased after anti-IL-17 mAb administration. 
Therefore, anti-IL-17 mAb might suppress the expres-
sion of  IL-1β and IL-6 in rat intestine grafts, and then in-
hibit the development and activation of  Th17 cells. TNF 
is also induced by IL-17 cytokine. Its expression was 
found to be reduced after anti-IL-17 mAb administra-
tion. The migration and infiltration of  inflammatory cells 
into intestine grafts requires the expression of  chemo-
kines. Chemokine (C-X-C motif) ligand 8 (IL-8), a target 
of  IL-17, is involved in transplant rejections. Compared 
to the control group, the expression of  IL-8 was found 
to be obviously decreased in intestine grafts treated with 
anti-IL-17 mAb. This suggests that anti-IL-17 mAb ad-
ministration might suppress the migration and infiltration 
of  Th17 cells into intestine grafts by decreasing the ex-
pression of  chemokines. 

In conclusion, we have illustrated that Th17 cells 
might play an important role in human and rat small 
bowel acute transplantation rejection. The administration 
of  anti-IL-17 mAb could significantly suppress the acute 
rejection degree of  rat intestine grafts and prolong the 
survival time of  recipient rats. IL-17 could be considered 
a promising and potent target for inhibiting acute rejec-
tion after small bowel transplantation. 

COMMENTS
Background
Small bowel transplantation is a widespread therapy for short bowel syndrome. 
However, the efficacy of small bowel transplantation is not satisfactory due to 
severe transplantation rejection. Although administration of FK506 may inhibit 
the activation of T cells, prevent the aggregation of lymphocytes in early rejec-
tion, and restrain the chemotaxis of inflammatory cells, its administration after 
human small bowel transplantation may cause severe side effects such as 
renal toxicity and neurotoxicity.
Research frontiers
The helper T cell (Th) 17 cell, as a distinct lineage of helper T cells from Th1 
and Th2, has a proven implication in the allograft rejection of solid organs, 
such as lung and cardiac transplantation. Interleukin (IL)-17 expression was 
increased in bronchoalveolar lavages in patients with acute lung transplantation 
rejection. The disease-promoting role of Th17 in cardiac allograft rejection was 
also confirmed. Th17 cells are involved not only in host-versus-graft disease, 
but graft-versus-host disease as well.
Innovations and breakthroughs
So far, the relationship between Th17 cells and small bowel transplantation has 
been unclear. Authors demonstrated the presence of Th17 cells in the intestine 
grafts of humans and rats, and further found that the expression levels of Th17 
cells in intestine grafts correlated with the degree of rejection. The authors 
hypothesized that Th17/IL-17 might play a critical role in small bowel transplan-
tation rejection and could be regarded as a potential target for the treatment 

of graft rejection. They then treated recipient rats with mouse-anti-rat IL-17 
monoclonal antibody (mAb) and found that its administration could significantly 
prolong the survival of rats after small bowel transplantation. Furthermore, the 
authors found that the expression of Th17 cells in intestine grafts also dramati-
cally declined, indicating that mouse-anti-rat IL-17 mAb may prolong the sur-
vival of recipient rats by inhibiting transplant rejections. In the present study, the 
authors demonstrated that Th17 cells participated in the development of human 
and rat small bowel transplantation rejection.
Applications
The administration of mouse-anti-rat IL-17 mAb could significantly suppress 
the acute rejection degree of rat intestine grafts and prolong the survival time 
of recipient rats. IL-17 could be considered as a promising and potent target for 
inhibiting acute rejection after small bowel transplantation.
Terminology
Small bowel transplantation: an operation to replace a diseased or shortened 
small bowel with a healthy bowel from a donor and a valuable therapy for short 
bowel syndrome. Transplant rejection: immune system attacks between the 
transplant recipient and the transplanted organ or tissue, which include host-
versus-graft disease and graft-versus-host disease. Th17 cell: known as a 
distinct lineage of helper T cells from Th1 and Th2 that has both a defense role 
against microbe infection and a pathogenic role in several autoimmune dis-
eases.
Peer review
This is an investigation of the role of IL-17 in acute intestinal transplantation 
rejection and the administration of anti-IL-17 monoclonal antibodies for the 
suppression of IL-17 production by Th17 cells in the intestine graft and, as a 
result, suppression of acute rejection of the intestine graft in both human and 
rat models. It is a very good work and I hope it is applicable in human subjects 
undergoing intestinal transplantation.
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