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Abstract. – OBJECTIVE: To investigate the
fluctuation patterns of Th17 and IL-17 cytokines
during acute skin graft rejection in mice.

MATERIALS AND METHODS: Preparations
for mouse skin transplantation model. At days
1, 3, 5, and 7 post-grafting, the number of Th17
cells in the spleens was quantified by flow cy-
tometry (FCM); IL-17 mRNA expression in the
spleens and the skin grafts were analyzed by
semiquantitative RT-PCR. Serum IL-17 levels
were determined by enzyme-labeled im-
munosorbent assay (ELISA).

RESULTS: The number of Th17 cells in the
spleens gradually increased and peaked at day
7 post-grafting. IL-17 mRNA expression in the
skin was strongest at day 5 post-grafting. IL-17
levels in peripheral blood was highest at day 5
post-grafting.

CONCLUSIONS: Acute rejection of allogeneic
skin grafts in mice may correlate with the num-
ber of Th17 lymphocytes and the secretion of
cytokine IL-17. Th17 cell count and IL-17 level
may serve as important reference indices for
early rejection reactions after skin grafting.
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Introduction

Evidence gathered from numerous animal
studies and clinical trials has demonstrated that
immune-mediated rejection remains the most im-
portant cause of graft failure for all forms of tis-
sue transplantation, with cell-mediated immunity
playing a decisive role. To date, the functions and
mechanisms of some lymphocytes and cytokines
in graft immunity have been identified. CD4+ T
lymphocytes have been implicated as playing a
critical role in allograft rejection by secreting
various cytokines and aiding other effector
cells1,2. Traditionally, CD4+ T helper (Th) cells
are thought to differentiate into Th1 and Th2 cell
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subsets. Recently, a newly identified CD4+ T cell
subset, Th17, distinct from Th1 or Th2, was char-
acterized by the production of interleukin-17A
(IL-17A)3-6. It has been shown that Th17 expres-
sion was markedly increased in inflamed trans-
plants and draining lymph nodes at the early
stage of allocorneal rejection in mice7. Elevated
IL-17 levels have also been associated with lung
graft rejection in humans8. However, dynamic
changes in Thl7 lymphocytes and IL-17 at differ-
ent post-transplantation phases have not been re-
ported to date. In the present study, a mouse skin
allograft model was used to investigate the role
of Th17 cells and IL-17 in acute skin rejection.

Materials and Methods

Materials
Experimental animals
Male C57BL/6 mice under specific pathogen

free (SPF) conditions were purchased from the
Department of Laboratory Animals, Peking Uni-
versity Health Science Center. Male BALB/c
mice under SPF conditions were purchased from
the Institute of Genetics and Development Biolo-
gy, Chinese Academy of Sciences. All the mice
were 6 to 8 weeks old, weighing 20-22 g, and
were routinely raised in an animal room with au-
tomatic light control and appropriate ventilation,
temperature and humidity. The protocols in this
study were approved by the Institutional Review
Board and the Animal Care and Use Committee
of 309 Hospital of PLA (Beijing, China).

Reagents
APC-conjugated anti-mouse CD4 antibody, PE-

conjugated anti-mouse IL-17A antibody, FITC-
conjugated anti-mouse interferon-γ (IFN-γ) anti-
body, and corresponding control IgG were pur-
chased from BioLegend Corporation (San Diego,



CA, USA). Trizol was from Invitrogen (Carlsbad,
CA, USA). The BcaBESTTM RNA PCR kit, DNA
Marker (DL2000), and Taq DNA polymerase were
from Takara (Dalian, China). The mouse IL-17
ELISA kit was from ADL Company (San Diego,
USA). RPMI-1640 medium was from HyClone
Corporation (Logan, VT, USA). The fixation/per-
meabilization solutions were from Beckman Cor-
poration (Logansport, IN, USA).

Methods
Animal grouping
C57BL/6 mice were randomized into two

groups: the isogeneic skin transplantation (iso-
graft) control group and the allogeneic skin trans-
plantation (allograft) experimental group. There
were 20 mice in each group. In the isograft group,
the donors were C57BL/6 mice, whereas in the
allograft group, the donors were BALB/c mice.

Establishment of a mouse
skin graft model
Skin grafting and evaluation of graft rejection

were performed as previously described2. Briefly,
the donor and recipient mice were anesthetized
by intraperitoneal injection of 5% chloral hydrate
(0.007 g/mL) and fixed in a pronated position.
Their backs were depilated with 8% sodium sul-
fide solution and then sterilized with 75%
ethanol. For isogeneic skin grafting, about 1 cm
× 1 cm of the full-thickness back skin pieces
from the C57BL/6 donor mice were incised and
kept in normal saline before use. About three to
five pieces of skin tissue can be obtained from
each donor mouse. Subsequently, the dorsal skin
from the anaesthetized C57BL/6 recipient mice
were shaved and sterilized. A 1 cm × 1 cm of
skin piece was removed to provide a skin graft
bed. The donor skin was grafted on the recipient
bed and sutured at four points to fix. For allo-
geneic skin grafting, the donors were BALB/c
mice. The recipient mice were monitored daily
for graft outcome for a week after the surgery.
Skin grafts undergoing scabbing, shedding, or
necrosis were considered graft rejections.

Sample collection
Mice were sacrificed by cervical vertebral dis-

location at days 1, 3, 5, and 7 post-grafting. Five
recipient mice in each group were sacrificed at
each time point. Blood, skin graft, and spleen
samples from the recipient mice were collected
under sterile conditions. The isolated serum sam-

ples were kept at –20°C prior to examination.
Skin graft sample was snap-frozen in liquid ni-
trogen and stored at –80°C until use. The remain-
ing portion of the spleen samples were freshly
transferred into Eppendorf tubes and spleen
mononuclear cell preparations were made in an
ultra-clean hood.

Isolation of Mouse Spleen
Mononuclear Cells (SPMs)
Shredded spleen tissues were gently ground in

a 200-mesh sieve and while constantly rinsing
with serum-free Roswell Park Memorial Institute
– (RPMI)-1640. The wash solution was trans-
ferred into a 15-ml centrifuge tube and cen-
trifuged at 4°C, 1,500 rpm for 10 min. The super-
natant was then discarded, and the precipitated
cells were resuspended in 3 ml of red blood cell
lysis buffer at room temperature for 5 min to lyse
the red blood cells. After adding RPMI-1640
medium (around 10 ml) to terminate the reaction,
the cells were centrifuged at 1,500 rpm for 10
min. The supernatant was discarded, and the re-
maining precipitated cells (SPMs) were resus-
pended in 100 µl of serum-free RPMI-1640
medium and counted. Cell density was adjusted
to 5×106 cells/ml with RPMI-1640 medium con-
taining 10% fetal bovine serum (FBS) prior to
use. Finally, the isolated SPMs were co-stimulat-
ed with phorbol ester (50 ng/ml) and ionomycin
(10 µg/ml) at 37°C, 5% CO2 for 4 h.

Immunostaining of Mouse Spleen
Mononuclear Cells (SPMs)
Cultured SPMs were harvested and thoroughly

washed in flow cytometry (FCM)-specific PBS.
The cells were incubated with the protein trans-
port inhibitor Brefeldin A (BFA) for 4 h. After
washing with phosphate buffered saline (PBS),
cells were incubated with APC-conjugated anti-
CD4 antibody (0.25 µg/106 cells) for 30 min in
the dark. Subsequently, the cells were washed
once with PBS, then fixed in 200 µl of fixation
solution at room temperature for 30 min in the
dark. Cell were washed once again with PBS,
permeabilized in 200 µl of permeabilization
buffer for 30 min, and incubated with PE-conju-
gated anti-IL-17A and FITC-conjugated anti-
IFN-γ antibodies (0.25 µg/106 cells) at room tem-
perature for 30 min in the dark. Finally, cells
were washed twice with intracellular staining
buffer and resuspended in FCM-specific PBS to a
concentration of 1×106 cells/ml and were ana-
lyzed by FCM.
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Flow Cytometry Analysis of Th17
Lymphocytes
A 200 µl aliquot of the cell suspension was

loaded onto the FACS Calibur flow cytometer for
detection of fluorescence intensity. The same flu-
orescent-labeled isotype IgG was used as a nega-
tive control for each fluorescent channel. Results
were presented as dual-parameter dot plots. Mice
spleen Thl7 lymphocytes were represented by the
gated CD4+ IFN-γ-/IL-17+ subset. Each sample
was examined twice for a mean value. All the da-
ta were acquired and analyzed by the Cell Quest
Multifunctional Analysis software.

RT-PCR Detection of IL-17 mRNA
Expression
Total tissue (skin graft) RNA was extracted us-

ing the one-step method with the TRIzol reagent
(Invitrogen) according to the manufacturer’s in-
structions. For quantification, 2 µl of RNA solu-
tion was diluted in 98 µl of DEPC-treated,
RNase-free water and RNA concentration was
measured by absorbance at 260 nm. A260/A280 ra-
tio was calculated to monitor the RNA. The RNA
was reverse transcribed into cDNA using random
primers followed by PCR amplification. The
PCR conditions used were as follows: predenatu-
ration at 94°C for 4 min followed by 38 cycles of
denaturation at 94°C for 45 s, annealing at
55.6°C for 45 s, and elongation at 72°C for 1
min, and a final cycle at 72°C for 5 min. Primer
sequences are listed in Table I. The PCR products
were separated on a 1.5% agarose gel and visual-
ized under 260-nm UV light. Scanning and semi-
quantitative densitometric analyses of the elec-
trophoresis results were performed using the Gel
Image System. Relative IL-17 mRNA levels were
calculated by normalizing IL-17 signal densities
to gliceraldehyde 3-phosphate dehydrogenase
(GAPDH) signal densities.

ELISA Analysis of Serum IL-17 Level
The serum samples were thawed at room tem-

perature and subjected to ELISA analysis to de-
termine IL-17 concentration, according to the
manufacturer’s manual. Each sample was exam-

ined in duplicate. After terminating the reaction,
readings were obtained at 450 nm using a BioTek
microplate reader (Wincowski, VT, USA). The
standard curve was acquired using the Curve Ex-
pert 1.3 software. IL-17 concentration was calcu-
lated and expressed in pg/ml.

Statistical Analysis
The data were presented as means ± SD and

analyzed using the SPSS 11.5 software (SPSS
Inc., Chicago, IL, USA). Intergroup analysis was
performed using one-way Analysis of Variance
(ANOVA); pairwise comparison was performed
using the Student-Newman-Keuls (SNK) test. p
< 0.05 was considered statistically significant.

Results

Changes in Th17 number in
the Spleens of Recipient Mice
Flow cytometry analysis showed (Figure 1)

that the Th17 cell proportion in the SPMs from
the isogeneic recipient mice was not significantly
altered over time during days 1-7 post-grafting.
Th17 cell populations at each post-graft time
point in the allogeneic recipient mice were sig-
nificantly higher than those in the isogeneic re-
cipient mice. In allogeneic recipient mice, the
Th17 cell count slowly increased during days 1-5
post-grafting and peaked at day 7, the peak value
significantly higher than the values at days 1, 3,
and 5 (p < 0.05).

Changes in IL-17 mRNA Expression
in Skin Grafts of Recipient Mice
RT-PCR measure showed (Table II) IL-17 mR-

NA expression was low in skin grafts of isogenic
recipient mice after grafting, and these values
were not statistically different between post-
grafting phases. IL-17 mRNA expression in the
skin grafts of allogenic recipient mice at day 1
post-grafting was similar to that at day 3; it then
dramatically increased, and the value at day 5
was significantly different from the values at
days 1 and 3 post-grafting (p < 0.05).

Gene Primer sequence (5'-3') Product size (bp)

IL-17 Sense: CCTTCACTTTCAGGGTCGAG 251
Antisense: CAGTTTGGGACCCCTTTACA

GAPDH Sense: ACCACAG TCCATGCCATCAC 452
Antisense: TCCACCACCCTGTTGCTGTA

Table I. PCR primers.
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Changes of Serum IL-17 Level
in the Recipient Mice
ELISA detection showed (Figure 2) serum

IL-17 levels in isogenic recipient mice were
9.99 ± 1.38 pg/ml, 45.04 ± 5.14 pg/ml, 47.20 ±
5.51 pg/ml, and 41.31 ± 4.15 pg/ml at days 1, 3,
5, and 7 post-grafting, respectively. Serum IL-

17 levels in allogenic recipient mice were 11.17
± 1.85 pg/ml, 96.35 ± 11.30 pg/ml, 190.21 ±
15.46 pg/ml, and 100.37 ± 13.75 pg/ml, respec-
tively. At days 3, 5, and 7 post-grafting, serum
IL-17 levels of the isograft group mice were
significantly lower than those of the allograft
group mice (p < 0.001).

Figure 1. Flow cytometry analysis of Th17 proportion
in Spleen Mononuclear Cells. D1, D3, D5, and D7 indi-
cate Th17 proportion of an allogeneic recipient mouse at
days 1, 3, 5, and 7 post-grafting; C5 indicate Th17 pro-
portion of an isogeneic recipient mouse at days 5 post-
grafting. p < 0.05, D5 vs C5.

The results are representatives of three independent experiments. Compared with allogenic group D1 and D3: ##p < 0.05.

Group D1 D3 D5 D7

Isogenic 0.452±0.063 0.433±0.100 0.486±0.087 0.530±0.085
Allogenic 0.806±0.141 1.152±0.184 1.880±0.267 ## 1.868±0.321 ##

Table II. Changes of IL-17 mRNA expression degree in skin grafts.
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Discussion

Organ transplantation is an effective therapeutic
tool for treating many terminal diseases. As the
surgical techniques of organ transplantation have
been perfected, allograft rejection has become the
major barrier to the success of organ transplanta-
tion. Acute rejection reaction is a major complica-
tion of transplantation that determines graft out-
come (tolerance or rejection) after surgery. Acute
allograft rejection has traditionally been associated
with Th1 differentiation, as rejection often corre-
lates with expression of IFN-γ in allografts and
production of IFN-γ upon restimulation of periph-
eral T cells with alloantigen9. Distinct from Th1
and Th2 lymphocytes, Th17 cells are a newly
identified subset of effector T helper cells that pro-
duce IL-17A, IL-17F and IL-6. Studies have
shown that they play a key role in inflammatory
reactions10,11 and autoimmune diseases12-14, and are
closely associated with immune rejection and tol-
erance15,16. The generation of an inflammatory re-
sponse in transplantation is unavoidable, and max-
imal inflammatory response benefits isogenic skin
graft acceptance over allogenic17. It has been
shown that during the acute phase of human renal
allograft rejection, the infiltrating mononuclear
cells and kidney cells (proximal tubular epithelia)
secrete higher levels of many pro-inflammatory
cytokines, including IFN-γ, IL-2, IL-6 and IL-1518.
Recently, increases in the cytokine IL-17 have
been reported to coincide with the early phase of

rat and human kidney allograft rejection15,19 and
IL-17-producing cells were demonstrated to be
sufficient in mediating rejection of rat lung allo-
grafts16. IL-17 is a potent proinflammatory cy-
tokine and can induce the expression of other
proinflammatory cytokines (such as IL-6 and
TNF), chemokines (such as KC, MCP-1 and MIP-
2) and matrix metalloproteases, which mediate tis-
sue infiltration and tissue destruction20. Neutraliza-
tion of IL-17A homodimers strongly inhibits neu-
trophilic airway inflammation mediated by adop-
tive transfer of ovalbumin-specific polarized Th17
cells and airway challenge with antigen21. In addi-
tion, a study using a murine heart transplantation
model also demonstrated that IL-17 is produced
by neutrophils at the early stage of post-transplan-
tation and secreted by Th17 and CD8+ T lympho-
cytes during graft rejection, and that Th17/Treg
cell dysregulation correlates with the occurrence
of transplant rejection22.
The role of Th17 cells in acute allograft rejec-

tion has been less widely studied. Recent studies
have demonstrated that Th17 cells participate in
rejection following liver transplantation in rats23.
IL-17-producing CD4+ Th17 cells are important
in mice heart transplantation allograft rejection
and may serve as a novel target for the preven-
tion of transplant rejection and graft vasculopa-
thy24. In our study, flow cytometry analysis
showed that the Th17 cell numbers in the spleens
of allogenic recipient mice were significantly
higher than those in isogenic recipient mice, es-

Figure 2. Changes of IL-17 level in
serum following graft. Serum IL-17 levels
in peripheral blood of the isograft group
mice were significantly lower than those
of the allograft group mice at day 3,5 and
7 (p < 0.001). IL-17 levels of the allograft
group mice were highest at day 5 post-
grafting, compared with D1, D3 and D7 (p
< 0.01).



pecially at day 5 post-grafting when the values
doubled compared to those at days 1 and 3 post-
grafting. This result showed that the number of
Th17 cells in allogenic recipient mice were ele-
vated during acute rejection, indicating that Th17
lymphocytes may correlate with increased inci-
dence of acute skin allograft rejection and may
mediate an aggressive proinflammatory response
culminating in allograft rejection.
In a rat acute renal allograft rejection model,

Loong et al15 have demonstrated that IL-17 mRNA
expression increases in kidney grafts, and that
IL-17 protein levels increase in infiltrating
mononuclear cells at day 2 post-grafting. Fur-
thermore, during the acute rejection phase of hu-
man lung transplantation, IL-17 mRNA and pro-
tein levels are elevated in bronchoalveolar lavage
fluid25. Our current results show IL-17 mRNA in
the spleen of the allogeneic recipient mice gradu-
ally increased after grafting. Of the time points
analyzed, the highest levels of the serum IL-17
levels in the allogenic recipient mice were found
on day 7. Considering that the surgical proce-
dures during organ or tissue transplantation lead
to inflammation, that the exacerbation/amplifica-
tion of the inflammatory response has a profound
impact on the graft, and moreover, that most T
cell subsets (including CD8+, NKT, γδT cells and
Tregs) have been shown to be capable of produc-
ing IL-1726-29, IL-17 levels may be an important
marker of graft rejection/acceptance. This sug-
gests the possibility that if additional inflamma-
tory signals are provided to such a Treg-inducing
environment, it may lead to Th17 development
and conversion of established Tregs to Th17 cells
under inflammatory conditions.
Li et al30 introduced IL-17 receptor im-

munoglobulin by adenovirus into rats. Their find-
ings demonstrated that IL-17 suppression could
significantly delay acute immunorejection but
not abolish rejections. Given the involvement of
multiple cytokines in activating downstream
pathways of the tissue inflammation, such result
is reasonable. They also suggested that IL-17 in-
hibition can be used as an adjuvant therapy in
transplantation in addition to immunosuppressive
agents.

Conclusions

Our results and previous studies highlight the
importance of the activation of the Th17/IL-17
inflammatory pathways, which may be associat-

2725

Acute rejection of transplanted skin and altered Th17 and Il17 levels

ed with promotion of acute allograft rejection.
Future development of therapies to prevent or
treat acute rejection may try to take these path-
ways into consideration.
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