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1 | INTRODUCTION

Organ transplantation is the most effective therapy for end-stage fections and the incidence of cancer,

Abstract

Recently, emerging evidence strongly suggested that the activation of interleukin-27
Receptor o (IL-27Ra) could modulate different inflammatory diseases. However,
whether IL-27Ra affects allotransplantation rejection is not fully understood. Here,
we investigated the role of IL-27Rx on allorejection both in vivo and in vitro. The skin
allotransplantation mice models were established, and the dynamic IL-27Ra/IL-27 ex-
pression was detected, and IL-27Ra" spleen cells adoptive transfer was performed.
STAT1/3/5 phosphorylation, proliferation and apoptosis were investigated in mixed
lymphocyte reaction (MLR) with recombinant IL-27 (rIL-27) stimulation. Finally, I[FN-
v/ IL-10 in graft/serum from model mice was detected. Results showed higher IL-
27Ra/IL-27 expression in allografted group compared that syngrafted group on day
10 (top point of allorejection). IL-27Ra* spleen cells accelerated allograft rejection in
vivo. rlL-27 significantly promoted proliferation, inhibited apoptosis and increased
STAT1/3/5 phosphorylation of alloreactive splenocytes, and these effects of rIL-27
could be almost totally blocked by JAK/ STAT inhibitor and anti-IL-27 p28 Ab. Finally,
higher IL-27Ra*IFN-y* cells and lower IL.-27Ra*1L-10" cells within allografts, and high
IFN-y/low IL-10 in serum of allorejecting mice were detected. In conclusion, these
data suggested that IL-27Ra? cells apparently promoted allograft rejection through
enhancing alloreactive proliferation, inhibiting apoptosis and up-regulating IFN-y via
enhancing STAT pathway. Blocking IL-27 pathway may favour to prevent allorejec-
tion, and IL-27Ra may be as a high selective molecule for targeting diagnosis and

therapy for allotransplantation rejection.
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to be the leading causes of graft dysfunction.>? Since long-term

immunosuppression increased the occurrence of opportunistic in-

s searching for new target

organ failure, while accompanied acute allorejection was reported molecules and illustrating related pathway is urgently needed for
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further understanding rejection mechanisms and modulating clinic
administration.

Interleukin-27 receptor (IL-27R) is composed of WSX-1 (IL-27Ra)
and gp130 (signal-transducing subunit), expressed on CD4"* T cells,
activated macrophages and neutrophils.* And IL-27, the ligand of IL-
27Ra, belongs to IL-6/1L-12 family.5 It was reported that engraftment
of IL-6 deficient donor into wild-type recipient could significantly im-
prove allograft survival through T cell lineage particularly regulatory
T cells (Tregs) in non-sensitized transplant host.® IL-27 could directly
promote Th1 cell response, meanwhile inhibit the development and
effector response of Th17 cells.” And more importantly, data about
IL-27 displayed a controversial effect on transplantation rejection.
Ayasoufi K proved that IL-27 neutralization or receptor deficiency
delayed CD8" T cell recovery after murine anti-thymocyte globulin
(mMATG) treatment in heart allotransplantation mouse model,® and
blocking IL-27 pathway prevented from graft-versus-host disease
(GVHD) occurrence through promoting Treg cell reconstitution and
stabilizing Foxp3 expression,9 suggested IL-27 with pro-inflammation
and allorejection accelerating effects. On the other hand, Yi demon-
strated that IL-27 favoured the protective effect of human placenta-
derived mesenchymal stromal cells (hPMSC) in GVHD therapy by
increasing CD4" IL-10* IFN-y* T cells production,*® up-regulation of
IL-27 combined with rapamycin promoted IL-10°CD4" T cells effect
in prolonging cardiac allograft survival,** which suggested that IL-27
and IL-27Ra inhibited allorejection. So, the effect of IL-27Ra/IL-27 on
allotransplantation rejection and its underlying mechanism was not
fully understood yet.

Our previously study proved that IL-27Ra up-regulated 4 folds
in allogeneic CD4'T cells, and more importantly, we found 10-fold
up-regulation of Stat1 and 4 folds increasing of interferon gamma
receptor 1 (Ifngrl) at the same kind of CD4'T cells, compared with
syngeneic CD4'T cells in Serial analysis gene expression (SAGE).
Considering of the key role of CD4'T cells in allorejection, and the
enhancing effect of IFN-y on allograft rejection,'? we postulated
that IL-27Ra, the upstream regulator of STAT1, may be the import-
ant target molecule on allograft rejection. Here, we investigated
the effect of IL-27Ra during allograft rejection, and possible signal
pathway, to clarify the effect of IL-27Ra as a pivotal molecule, on

allotransplantation rejection.

2 | MATERIALS AND METHODS
2.1 | Animal models

Female BALB/c mice (H-2%), C57BL/6 mice (H-2°) and SCID Beige
mice (BALB/c background) aged 6-8 weeks and weighted 18 + 2 g
were purchased from Vital River Laboratory Animal Technology and
fed in SPF condition. The skin transplantation was performed ac-
cording to reference.’®> BALB/c mice were recipients, and BALB/c
and C57BL/6 were donors for syngeneic and allogeneic grafted
group, respectively. The vaseline gauzes and bandage were packed

on day 1 and removed on day 7 post-transplantation. Graft was

observed daily. Rejection was determined when scab area of graft
was more than 50%.

Allografted SCID mice model was established according to refer-
ence.’ The cell adoptive transfer for allo-SCID mice was performed
after graft healed totally, then, 1.5*10% sorted IL-27Ra* cells and con-
trol non-sorted spleen cells isolated from allografted BALB/c mouse
model on day 10 were adoptively transferred to SCID mouse model
by intraperitoneal injection. Graft was observed daily. Rejection was
determined when scab area of graft was more than 50%.

All animal studies were conducted in accordance with proto-
cols approved by the Animal Care and Use Committee of Shandong

University.

2.2 | Spleen cell isolation, culture and
reagents treatment

Spleen was isolated from mice, and single cell suspension was pre-
pared after treated with red blood cell lysis buffer (Solarbio) accord-
ing to the manufacturer's instruction. The donor cells were treated
with 40 pg/mL mitomycin C (Solarbio) in 37°C, 5% CO, for 30 min-
utes in dark and then washed three times with PBS. All cells were
cultured in complete RPMI 1640 (Biological Industries) supple-
mented with 10% foetal bovine serum (FBS) (Biological Industries),
and 100 U/mL Penicillin, and 100 pug/mL streptomycin (Hyclone) and
cultured in 37°C, 5% CO,. The splenocytes were adjusted to a final
concentration of 4 x 10°/well (recipient) and 2 x 10°/well (donor) in
96-well and 1 x 10%/well (recipient) and 5 x 10%/well (donor) in 24-
well. Recombinant IL-27 (rIL-27) was dissolved in deionized water
and diluted to 5, 25, 100, 400, 800 pug/mL in PBS containing 5% tre-
halose (DAKEWE). For the experiment of phosphorylating, alloreac-
tive mixing lymphocyte reaction (MLR) was performed for 72 hours
and replaced with new complete medium. Cells were treated with
25 ng/mL rIL-27 for 0.25, 0.5, 1, 2 and 24 hours. For the blocking
experiment, MLR was performed by allogeneic spleen cells stimu-
lation for 72 hours and replaced with new complete medium, and
then, ruxolitinib (Selleck) (0.012, 0.12 and 1.2 umol/L) and SH-4-54
(Selleck) (0.15, 1.5 and 15 umol/L) were added to cells culture for
another 24 hours. Cells were incubated with 25 ng/mL rIL-27 for
0.25 hours and then were collected to determine the phosphoryla-
tion and protein expression. ruxolitinib and SH-4-54 were dissolved
in dimethyl sulfoxide (DMSO) and then diluted with RPMI 1640.
The final concentration of anti-I1L-27 p28 Ab (R&D) is 7.5 ug/mL (dis-
solved in PBS). Cell counting kit-8 (CCK-8) (DOJINDO) reagent was
added in cell suspension for 10 uL/well, and microplate reader was

used to measure OD value in 490 nm to detect cells proliferation.
2.3 | Flow cytometry and cells sorting
Spleen cell suspension was prepared described as above, and

cell number was adjusted into 1 x 10° cell/100 pL PBS. For

cell staining, cells were treated with 1 pg anti-Mouse CD3e
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PE-Cyanine7- (eBioscience), 0.25 pg anti-Mouse CD4 FITC- (eBio-
science) and 1 pg anti-IL-27Ra/PE (Bioss)-conjugated antibody in
30 minutes in dark, respectively. For apoptosis assay, cells were sus-
pended with 0.5 mL binding buffer and incubated with 5 L Annexin
V-FITC and 10 pL PI (MultiSciences) for 5 minutes in dark. The cells
were washed for one time and samples were acquired on a Beckman
counter CytoFLEX followed by data analysis using CytExpert soft-
ware. For cell sorting, cells were treated with anti-I1L-27Ra-PE (R&D)-
conjugated antibody (0.25 pg/106 cells) for 30 minutes in dark. Wash
cells for one time with sterility cold PBS buffer and sorted IL-27Ra*

cells in Beckman MoFlo Astrios EQ counter.

2.4 | H&E (haematoxylin-eosin) staining

Graft was separated and fixed overnight, then dehydrated and
embedded in paraffin blocks. The tissue sections were deparaffi-
nized, rehydrated and stained with H&E staining kit (Servicebio).
Briefly, the tissue sections were coated with haematoxylin for
5 minutes and washed with water, then covered with 1% acid
ethanol regent for 5 seconds and washed with water, added blue-
promoting solution for 5 seconds, then washed with water and
covered with eosin solution for 10 minutes, and dehydrated with
alcohol and clearing in xylene. The image was obtained under the
optical microscope.

2.5 | Immunofluorescence and
immunohistochemical staining

The graft tissue sections were deparaffinized, rehydrated and
then antigen repaired with EDTA antigen repair buffer (pH 9.0) and
washed three times, in 5 minutes each time with PBS (pH 7.4). For
the immunofluorescent staining of CD4 (Servicebio) and IL-27Ra
(Bioss), CD4 (1:500 dilution) was represented by CY3 (red) and IL-
27Ra (1:200 dilution) was stained with FITC (green). For the im-
munofluorescent staining of IL-27Ra (1:200 dilution), IL-10 (1:100
dilution) (Bioss) and IFN-y (1:100 dilution) (Proteintech), the Cy5
(pink), Cy3 (red) and FITC (green) were stained. The cell nucleus was
stained with DAPI (blue). The staining steps were performed ac-
cording to the Servicebio immunofluorescent staining instruction,
and all the second antibody and staining reagents were purchased
from Servicebio. For IHC (immunohistochemical) staining, 3% hy-
drogen peroxide was used to block peroxidase, and anti-IL-27R«
(1:400 dilution) was covered overnight. The sections were incu-
bated with second antibody and stained with DAB regents. The nu-
clei were stained with haematoxylin. The |IOD and area count was
analysed by the Image Plus Pro software. For CD4" IL-27Ra"cells
counting, 200 CD4 positive cells were randomly selected for each
section and IL-27Ra*cell number was counted. For IL-27Ra*IL-10*/
IFN-y* cell counting, 100 IL-27Ra positive cell was randomly se-
lected for each section, and the IL-10 and IFN-y positive cell num-

ber were counted.

2.6 | Western blot

The tissue was smashed and cells were washed with ice-cold PBS
and lyzed using radioimmunoprecipitation assay (RIPA) lysis buffer
(Beyotime) supplemented with phenylmethanesulfonyl fluoride (PMSF,
1:100), protease inhibitor cocktail (1:100) and phosphatase inhibitor
cocktail (1:50) (Beyotime) for 30 minutes on ice. The samples were cen-
trifuged at 10 322 x g for 10 minutes, and supernatant was collected to
measure the concentration by BCA Protein Sample (Beyotime) treated
with SDS-PAGE Loading Buffer and then reserved in -80°C.

Protein sample was loaded into PAGE Gel (Epizyme), and per-
formed electrophoresis, then transferred to PVDF membrane. For
the total protein detection, the membranes were washed with dis-
tilled water for 5 minutes and with the stripping buffer (Servicebio)
for 30 minutes. Then, washing the membranes three times with
TBST buffer (Tris-buffered saline buffer contained with Tween-20)
(Servicebio). The membranes were blocked with blocking buffer
(Beyotime) for 1 hour at 25°C and incubated with the primary anti-
body (diluted by Primary Antibody Dilution Buffer, Beyotime) over-
night. The primary antibody listed as the followings:

IL-27 Goat pAb (1:800) (R&D); IL-27Ra Rabbit mAb (1:2000)
(R&D); p-STAT1 (Ser727) Rabbit pAb (1:800) (Abcam); p-STAT3
(Ser727) Rabbit pAb (1:1000) (Santa Cruz); p-STAT5 (Tyr694) (C11C5)
Rabbit mAb (1:1000) (CST); Bcl-xL (54H6) Rabbit mAb (1:1000)
(CST); Pim2 Rabbit mAb (1:800) (CST); GAPDH Rabbit pAb (1:2500)
(Bioworld); p-Actin (D165) Rabbit pAb (1:2500) (Bioworld); STAT1
Rabbit pAb (1:1500) (Proteintech); STAT3 Rabbit pAb (1:1500)
(Proteintech); STAT5 Rabbit pAb (1:1500) (Proteintech).

The membranes were washed three times with TBST buffer and
incubated with secondary antibody (1:10 000, dissolved to TBST) for
1 hour at room temperature, then, washed three times with washing
buffer and added HRP substrate peroxide solution (Millipore). The
image was obtained by Tanon 5200 imaging system scanner and an-

alysed by ImageJ software.

2.7 | ELISA (enzyme-linked immunosorbent assay)

IFN-y, IL-27 and IL-10 in serum of mouse model were measured by
ELISA Kit (Shanghai Enzyme-linked Biotechnology) following the
manufacture’ description. Briefly, the diluted sample was coated
with conjugate reagent in the bottom of plate for 60 minutes at
37°C. The liquid was removed, and plate was washed with wash-
ing buffer for five times. Add the substrate solution for 15 minutes
and then stop the colour reaction. The absorbance was measured
by ELISA plate reader at OD 450 nm (Bio-Rad). Standard curve was

established to quantity the concentration of the sample.

2.8 | Statistical analysis

Statistical analyses were performed using the GraphPad Prism 8

software and evaluated by two-tailed t tests in comparisons of two
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groups. The survival analysis was evaluated by comparison of sur-
vival curves. P values < .05 were considered to be statistically sig-
nificant. The quantitative values of all experiments were presented
as the mean + SD and were calculated from at least 3 independent

experiments.

3 | RESULTS
3.1 | The dynamic expression of IL-27Ra/IL-27 in
grafts post-transplantation

To investigate whether IL-27Ra/IL-27 expression in graft was corre-
lated with allograft rejection, we established allogeneic skin grafted
mouse model and with syngeneic skin grafted mouse model as con-
trol. Grafts were isolated on 1, 7, 10, 14 and 21 day post-transplanta-

tion, and IL-27Ra and IL-27 expression were detected, respectively.

WILEY-—%

H&E staining showed whole process of allograft rejection from
day 1 to 21 post-transplantation (Figure 1A), much more inflammatory
infiltration within graft, while no inflammation observed in syngeneic
grafted group. Figure 1B,C showed that allograft rejection occurred
on day 10, average survival time of allograft was 11 days, no rejec-
tion was observed in syngeneic grafted group. IHC staining showed
high IL-27Ra expression on day 1 both in allograft and syngraft, the
expression of IL-27Ra was obviously increased from day 7, signifi-
cantly high expressed on day 10 in allograft than syngraft (P < .05).
On day 21, accompanied with the inflammation decreased, lower IL-
27Ra expression was detected both in two groups. IL-27Ra positive
staining mostly was detected in connective tissue and newborn blood
vessels within allograft (Figure 1D). Quantified of IL-27Ra positive
staining showed higher expression of IL-27Ra on day 7 and 10 in al-
lograft compared with that in syngraft (Figure 1E, P < .05). Western
blot (Figure 1F,G) further confirmed the finding in IHC staining; the

highest expression of IL-27Ra protein was also detected on day 10.
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FIGURE 1 Expression of IL-27Ra and IL-27 in graft post-transplantation. The graft was isolated on day 1, 7, 10, 14 and 21 post-

transplantation, respectively. The Syn and Allo group indicated syngeneic and allogeneic transplanted mouse, respectively. A, The H&E
staining from day 1 to 21 post-transplantation. B, The appearance of graft post-transplantation. C, The survival curve of grafts. D, The
IL-27Ra expression in graft determined by immunohistochemical staining (IHC) from day 1 to 21 post-transplantation. The arrow showed
the IL-27Ra positive cell (brown colour) in graft. E, Quantified IL-27Ra detected with IHC by IOD/area ratio. F, The IL-27Ra and 1L-27 p28
expression detected by Western blot. G and H, Quantified IL-27Ra (G) and IL-27 (H) expression in Western blot by target molecule/GAPDH
ratio. *P < .05, **P < .01, ***P < .001 vs Syn group
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Meanwhile, the similar changes were detected in allografts
for IL-27. It was slightly increased on day 1 after transplantation
both in syngraft and allograft (Figure 1F,H). On day 7 and 10, IL-27
expression was remarkably increased in allograft compared with
syngraft (P < .05). The highest expression of IL-27 was found on
day 10 in allograft. These results indicated that both IL-27Ra and
IL-27 displayed highest expression on the top of rejection in al-
lografts. And more importantly, IL-27Ra was found in inflamma-

tory cells-infiltrated area, which indicated that the expression of

IL-27Ra was highly positive-correlated with allotransplantation
rejection.

3.2 | IL-27Ra" cells promoted allograft rejection
Our previous study demonstrated [L-27Ra*T cells and IL-

27Ra*CD68* cells (macrophage) infiltrated .1

in the graft.
Considering of the pivotal role of T cells in allorejection,*” we
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separated on day 10 post-transplantation. A, The IL-27Ra (green) and CD4 (red) expression measured by immunofluorescent staining. The
cell nucleus was stained with DAPI (blue). The arrow showed the IL-27Ra* CD4"cell in skin graft. B, The per cent of IL-27Ra" cell in grafted
skin CD4"cells. C-F, Splenic IL-27Ra* cells, CD3'T cells (C, D) and splenic CD4'T cells (E, F) detected by flow cytometry. G, The survival assay
post-cells transfer in allografted SCID mouse model. H, The appearance of allograft on day 1 post-cells transfer and when rejection occurred.
I, The H&E staining of the allograft on day 14 post-cells transfer. J, The IL-27Ra (green) and CD3 (red)/CD4 (red) expression measured by
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FIGURE 3 IL-27 promoted the alloreactive spleen cells proliferation through STAT1, STAT3 and STAT5 activation. MLR were performed

by syngeneic and allogeneic stimulation for 72 h. ruxolitinib (JAK inhibitor) and SH-4-54 (STAT inhibitor) were used to inhibit JAK/STAT
activation. IL-27 group treated with rIL-27; IL-27 + R group treated with rIL-27 plus ruxolitinib; IL-27 + S group treated with rlL-27 plus SH-
4-54; 11-27 + Ab group treated with rIL-27 and anti-1L-27 p28. A, First, cultured mixture splenic cells treated with different concentration of
rlL-27 for 72 h. Second, 25 ng/mL rIL-27 was added to cultured mixture splenic cells for 24, 48 and 72 h. The third, cultured mixture splenic
cells treated with rIL-27 (25 ng/mL), rIL-27 + ruxolitinib (0.12 umol/L) and rIL-27 + SH-4-54 (1.5 umol/L), respectively for 72 h. Finally, CCK8
was added to wells, continue to culture for another 2 h and OD value (490 nm) was measured. B and C, The phosphorylation and total
protein expressions of STAT1/3/5 pathway in different times for mixture splenic cells detected by Western blot (B) and analyzed by ImageJ

(C). *P < .05, **P < .01, ***P < .001 vs Control group. *P < .05, #p < .01, ###p < .001 vs IL-27 group

isolated graft and spleen from allogeneic and syngeneic transplan-
tation model mice on day 10 post-transplantation, stained with IL-
27Ra, CD3 and CD4 via immunofluorescence co-staining and flow
cytometry.

Immunofluorescence co-staining results showed as Figure 2A,B,
IL-27Ra*CD4"* double positive cells within allograft apparently in-
creased compared with that in syngraft (79% vs 33.78%, P < .05).
And we also found that the percentage of IL-27Ra*CD3* T cells
(Figure 2C,D) and IL-27Ra*CD4"cells in CD3'T cells (Figure 2E,F)
were both significantly increased in spleen from allografted group
compared with that from syngeneic grafted group (P < .05). These
data suggested that high expressed IL-27Ra in allograft and in re-
cipient's spleen tightly positively correlated with CD3'T cells and
CD4'T cells, and up-regulated IL-27Ra in these cells was positively
correlated with allorejection.

To further confirm the directive role of IL-27Ra" cells on allograft
rejection, we sorted IL-27Ra* spleen cells from allografted BALB/c
model on day 10 post-transplantation and adoptively transferred to
allografted SCID mouse model. Same amount of non-sorted spleen

cells from same model was adoptively transferred to allografted

SCID mouse model as the control. SCID Beige mice showed impaired
T and B cell development and defective natural killer (NK) cell, but
normal macrophage effect.’®

Figure 2G clearly showed that no graft rejection happened in
allografted SCID mouse model. After IL-27Ra* spleen cells adop-
tive transfer, the rejection of allograft occurred earlier than non-
sorted spleen cells (survival time, 13.5 days vs 16.5 days, P < .05).
The allograft scabbed when allograft rejected (Figure 2H). On day
14 post-cells transfer, IL-27Ra" cells group showed much more se-
vere inflammation and much more IL-27Ra™ cells infiltration than
that in non-sorted spleen cells transfer group (Figure 31,J). These
results indicated that IL-27Ra™ cells apparently promoted allograft

rejection.
3.3 | rlL-27 in vitro enhanced proliferation of
alloreactive splenocytes via activating STAT1/3/5

Since the IL-27Ra* cells from spleen could promote allograft rejec-

tion, therefore, we further investigated the effective mechanism
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of IL-27Ra/IL-27 in vitro with mixed lymphocyte reaction (MLR)
under stimulation of rIL-27. Figure 3A showed that rIL-27 obviously
promoted alloreactive cell proliferation in all checked concentra-
tion (5, 25, 100, 400 and 800 ng/mL, P < .05), and even lower
concentration at 25 ng/mL could apparently promote cells pro-
liferation at all checked point (24, 48 and 72 hours) (P < .05). And
we found the effect on proliferation of rIL-27 could be obviously
down-regulated when added anti-IL-27p28 antibody into system
(P < .05).

It has been reported that IL-27 signalled through JAK/STAT
axis'??% and STAT1, STAT3 and STAT5 were all up-regulated during
aIIorejection.i‘"zi'23 To further understand whether IL-27 in MLR was
also signalled through STAT1, STAT3 and STAT5 phosphorylation, we
added rIL-27 (25 ng/mL) into MLR system, cultured for 0.25, 0.5, 1,

A
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+ + + +

-0012012 1.2

p-STAT3
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2 and 24 hours. The results showed as Figure 3B,C, rIL-27 obviously
activated STAT1, STAT3 and STAT5 phosphorylation, and all peaked
at 0.25 hours, especially p-STAT3 and p-STATS.

Furthermore, we repeated above experiment with rIL-27 (25 ng/
mL) stimulation pre-treated with ruxolitinib (JAK1/2 inhibitor, 0.012,
0.12 and 1.2 pmol/L) and SH-4-54 (STAT inhibitor, 0.15 1.5 and
15 umol/L). The results showed that p-STAT1, p-STAT3 and p-STAT5
of alloreactive cells obviously decreased compared with rIL-27 stim-
ulation alone (Figure 4A, P < .05). And interestingly, we found that
0.12 and 1.2 pmol/L ruxolitinib and all checked concentration of SH-
4-54 could apparently inhibit higher expression of p-STAT1, p-STAT3
and p-STAT5 stimulated by rIL-27 (Figure 4B, P < .05), which fur-
ther confirmed that effect of IL-27Ra activation in MLR was through
STAT signal pathway.
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FIGURE 4 JAK/STAT inhibitor blocking IL-27 effect on STAT1, STAT3 and STAT5 phosphorylation. MLR was performed by allogeneic
stimulation for 72 h, then treated with ruxolitinib (0.12 umol/L) and SH-4-54 (1.5 umol/L) for 24 h, and finally stimulated with rIL-27(25 ng/
mL) for 15 min. IL-27 group treated with rIL-27; IL-27 + R group treated with rIL-27 and ruxolitinib; IL-27 + S group treated with rlL-27
along with SH-4-54; IL-27 + Ab group treated with rIL-27 and anti-IL-27 p28. A, The inhibition of STAT pathway by different concentration
of ruxolitinib. B, The inhibition of STAT pathway by different concentration of SH-4-54. Band intensities was measured ImageJ.
Phosphorylation indicated by the ratio of phosphorylation value to the total protein value. *P < .05, **P < .01, ***P < .001 vs Control group
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3.4 | rlL-27 inhibited apoptosis of alloreactive cells
via enhancing STAT1/3/5

Our previously data indicated that apoptosis of alloreactive cells played
an important role in allorejection (Data not shown). According to report,?*
the downstream of STAT pathway includes cells proliferation and apop-
tosis. Considering that we already proved that proliferation increased by
rlL-27 stimulation was through STAT pathway, further we investigated
whether cell apoptosis was also affected through STAT pathway under rlL-
27 stimulation. The results were shown as Figure 5A,B, and the expression
of STAT1, STAT3 and STAT5 all apparently increased under rlL-27 stimula-
tion for 72 hours (25 ng/mL) (P < .05, vs Control). JAK inhibitor (ruxolitinib),
STAT inhibitor (SH-4-54) and IL-27 antibody blocking (anti-I1L-27 p28) all
could inhibit the expression of STAT1/3/5 (P < .05, vs rIL-27 alone group),
and no difference was detected compared with Control group.

Figure 5A,C showed that anti-apoptosis protein Bcl-xL and Pim2,
the molecules in downstream of JAK/STAT,%>"?” were both obviously

up-regulated under rlL-27 stimulation (vs Control group, P < .05). And
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more importantly, we found that ruxolitinib (0.12 umol/L) and SH-4-54
(1.5 umol/L) apparently down-regulated high expression of Bcl-xL and
Pim2 induced by rIL-27 (vs IL-27 group, P < .05). Results of flow cytom-
etry proved that rIL-27 apparently inhibited total apoptosis of alloreac-
tive cells, and STAT pathway inhibition obviously promoted apoptosis
(Figure 5D, vs IL-27 group, P < .05). Interestingly, we found that neu-
tralization with I1L-27 p28 (the main active fragment of IL-27) antibody
significantly inhibited the expression of Bcl-xL and Pim2 and promoted
total apoptosis (Figure 5A,C, vs IL-27 group, P < .05), which suggested
that IL-27 p28 may dominate to inhibit apoptosis via increasing the
expression of STAT1, STAT3 and STATS5.

3.5 | IL-27Ra activation was prone to higher
IFN-y and lower IL-10 expression on allorejection

Considering that pro-inflammatory/immunosuppressive cytokine

both participated in alloreactive cells mediated rejection,?® we
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FIGURE 5 The up-regulation STAT pathway by rlL-27 resulted in anti-apoptosis of alloreactive spleen cells. Alloreactive MLR were

performed with treated by rIL-27, ruxolitinib, SH-4-54 and anti-IL-27 p28 Ab for 72 h. IL-27 group treated with rIL-27. IL-27 + R group treated
with rIL-27 and ruxolitinib. IL-27 + S group treated with rIL-27 along with SH-4-54. IL-27 + Ab group treated with rlL-27 and anti-IL-27 p28.
A, STAT1, STAT3, STAT5, Bcl-xL and Pim2 expression were detected by Western blot. B, Band intensities in Western blot for STAT1, STATS3,
STATS5 expression were measured ImageJ. C, The band intensities in Western blot for Bcl-xL and Pim2 expression were measured Imagel. D,
Alloreactive spleen cell apoptosis detected by flow cytometry. Fold change means the ratio of apoptotic cells in each group to those in IL-27
group. *P < .05, **P < .01, ***P < .001 vs Control group. *P < .05, #P < .01, ##p < .001 vs IL-27 group
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detected IL-27Ra, IFN-y (pro-inflammatory cytokine) and IL-10 (im-
munosuppressive cytokine) within graft through immunofluorescent
co-staining on day 10 post-transplantation, to investigate I1L-27 sig-
nalling pathway in allografted mice models.

Figure 6A revealed the IL-27Ra" cells were up-regulation in al-
lograft with higher IFN-y and lower IL-10 expression simultaneously
on day 10 post-transplantation. Compared with syngraft, the pro-
portion of IL-27Ra*IL-10"cells in allograft had a markedly reduction,
while IL-27Ra*IFN-y* cells obviously increased (P < .05, Figure 6B).

Allo

IL-27Ra
DAPI

FIGURE 6

IFN-y concentration

IL-27 concentration

These results indicated that IFN-y high expression and IL-10 low ex-
pression was affected on allorejection. Quantified with IOD/area
value in Figure 6C further proved this result.

To understand the systemic effect of IL-27Ra high expression
on allograft rejection, dynamic level of IFN-y and IL-10 in serum of
grafted mouse model post-transplantation were measured by ELISA.
The results showed that during transplantation rejection, the level
of these cytokine changed depended on graft condition. Compared
with the syngeneic grafted group, the allografted group showed
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IFN-v, IL-10 and IL-27 expression assay. Syngeneic and allogeneic skin mouse model was established and was represented

by Syn and Allo group. IFN-v, IL-10 and IL-27 level were measured in graft and serum. A, The IFN-y (green), IL-10 (red) and IL-27R«

(pink) expression of graft was measured by immunofluorescent staining on day 10. The cell nucleus was stained with DAPI (blue). Scale

bar = 20 pm. The arrow showed the IFN-y*/ IL-10" and IL-27 Ra “cells. B, The per cent of IFN-y or IL-10 positive cell in IL-27Ra positive cells
on day 10. C, The IFN-y or IL-10 expression was quantified by IOD/Area value. D, The level of IFN-y, IL-10 and IL-27 in serum was measured
by ELISA from day 1 to day 21 post-transplantation. *P < .05, **P < .01, ***P < .001 vs Syn group
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much higher IFN-y and lower IL-10 on day 10 (P < .05, Figure 6D),
which suggested that IL-27Ra high expression in grafts was posi-
tively correlated with higher pro-inflammatory and lower immuno-
suppressive cytokine in serum.

To investigate whether IL-27 in peripheral blood was also
changed during allotransplantation rejection, IL-27 in model mice
serum was also detected with ELISA, and the results showed that
IL-27 also apparently increased on the day 10 after allogeneic trans-
plantation (P < .05, vs syngeneic grafted group, Figure 6D), which
confirmed that higher IL-27 was consisted with high expression of
IL-27Ra and IL-27 within allograft when rejection occurred. Taken to-
gether, these results revealed that the IL-27Ra activation promoted
much more IFN-y and less IL-10 releasing, and these cytokine may
be as an effective factor through STAT pathway to increase allore-
active cells proliferation, inhibit apoptosis, and to promote allografts

allorejection.

4 | DISCUSSION

The role of IL-27Ra/IL-27 pathway in acute allograft rejection
have not been reported until now. In this study, we demonstrated
the IL-27Ra activation could promote allorejection through STAT
pathway both in vivo and in vitro. We proved that IL-27Ra was
up-regulation in allograft when rejection occurred. IL-27Ra* cells
could promote allograft rejection in vivo. And the effector cells
mainly belonged to T cells and CD4'T cell. In vitro experiments
demonstrated that IL-27Ra activation could up-regulate allore-
active cells proliferation and inhibit apoptosis. And more impor-
tantly, we found that increased IFN-y, IL-27 and decreased IL-10
both in rejecting allograft and in serum of allografted mice may be
as the effective cytokines after STAT pathway activation through
IL-27Ra. Our funding may benefit for IL-27Ra targeted study and
may supply a new strategy for diagnosis and treatment of al-
lotransplantation rejection.

Acute rejection reflected pro-inflammatory response and di-
rectly modulated or generated allograft failure in clinic.?’ Our previ-
ously study proved that up-regulated expression of IL-27Ra, STAT1
and down-regulated of Pim2 in allotransplantation, which all belongs
to IL-27Ra-STAT pathway, could prolong allograft survival.!*?” Here,
we focused on IL-27Ra-STAT pathway to search for the new target
for modulation of allograft rejection.

It was reported that IL-27 binding its receptor IL-27R« induced
the heterogeneous JAK/STAT signalling cascade such as STAT1,
STAT3 and STAT5 phosphorylation in T cells.?° IL-27 signalling
may result in inhibitory or stimulatory inflammation reaction by
modulating T cell response and controlling the cytokine secre-
tion according to condition. Cui proved IL-27 signalling displayed
anti-inflammatory function on epithelial cells to decrease IL-6,
TNF-a, GM-CSF and CXCL1 expression.®! In allergic airway in-
flammation, IL-27 favoured Foxp3* Treg function to inhibit T cell
proliferation and finally attenuated inflammatory.3? IL-27 path-

way promoted activated T cells to switch to Th2 polarization and
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up-regulate IL-10 secretion of CD4'T cells.®® However, in contrast,
IL-27 exhibits pro-inflammation property in antiviral immunity and
T cell response. In influenza infection, IL-27 augmented NK cells
anti-virus responses and IFN-y secretion via the NKG2D recep-
tor.3% 1L-27 also strongly stimulated CD4'T cell proliferation and
Th1 cytokine production by up-regulating the antigen-process-
ing capability of DC in the Staphylococcus aureus infection.®®
Considering that severe CD4'T cell infiltration in graft and its key
role in allorejection,'” and the up-regulation of IL-27Ra and IFN-y
in allogeneic CD4'T cells reported in our previously report along
with others exhibited that IFN-y-producing CD4*T cell predomi-
nated allograft rejection response,“’37 here we investigated the
effect of IL-27Ra and related pathway in allograft rejection, mainly
focused on T cells.

To understand the relationship between IL-27Ra pathway and al-
lorejection, we established syngeneic and allogeneic transplantation
mouse model and detected expression of IL-27Ra and IL-27 in graft
and in recipient's spleen during transplantation. The graft appear-
ance observation and H&E staining indicated the rejection progress.
The inflammation infiltration was started from day 1, and severe
inflammation response occurred on day 10 post-transplantation.
Importantly, we noted the highest expression of IL-27Ra and 1L-27
on day 10, which was the top period of allorejection (tolerance con-
dition was observed in syngeneic transplantation group), indicated
that these inflammation-infiltrated cells may response to the higher
IL-27Ra modulation. Then, rejecting allograft was found up-regu-
lated IL-27Ra expression in CD4" T cells within graft and spleen. Our
previous work has proved that IL-27Ra expressed on the infiltrated T
cell and macrophage of the allograft!’; therefore, we sorted IL-27Ra*
cells from the spleen to prove the role of IL-27Ra* effector cells in
allografted SCID mouse model. Interesting, we found these cells
induced allograft rejection and occurred rejection earlier than non-
sorted spleen cells. The rejected allograft showed severe inflamma-
tion cells. These results proved the IL-27Ra* cells could infiltrate the
allograft and induced allograft rejection.

To investigate the underlying mechanism of IL-27Ra activation
on allorejection, we performed MLR with or without rlL-27 stim-
ulation. We found that rIL-27 could promote alloreactive cell pro-
liferation, which dominantly depended on enhancing STAT1/3/5
phosphorylation. rIL-27 treatment resulted in the up-regulation of
STAT1/3/5 expression and cascaded with increasing proliferation
and inhibited apoptosis along with higher expression of anti-apop-
tosis protein Bcl-xL and Pim2. With the JAK-STAT inhibitor and neu-
tralization antibody treatment, further confirmed lower apoptosis
and high proliferation all through STAT pathway. Interestingly, ini-
tial reports revealed that IL-35 (p35/Ebi3), which shared the same
subunit Ebi3 with IL-27 (p28/Ebi3), could suppress T cell prolifera-
tion, converse into suppressive iTr35 cells.®®% Meanwhile, recent
evidences indicated IL-35 promoted Treg but not Th1 differentiation,
whereas IL-27 (Ebi3 and p28) exhibited more Th1 differentiation and
less Treg differentiation. Furthermore, Ebi3 alone did not induce T
help cell differentiation.*® So, the effect of IL-27 p28 and Ebi3 may

show different effect. In our study, rIL-27 was composed of IL-27



ZHAO ET AL.

10
wse | \wiLEY

p28 and Ebi3. Interestingly, we found that neutralization of IL-27 p28
exhibited the similar effect as that of inhibitor of STAT pathway with
ruxolitinib and SH-4-54. These findings suggested that IL-27 mainly
depended on p28 subunit to increase proliferation and inhibit apop-
tosis via activating STAT pathway.

Considering of the fact that up-regulating IL-27Ra and IL-27
was in inflammatory disease and rejecting allograft, we postulated
that IL-27Ra pathway may promote allorejection via STAT pathway
through pro-inflammatory or immunosuppressive cytokine. IL-10
was regarded as an inflammatory inhibitory cytokine, which pro-
longing the survival of skin allograft and increasing the proportion
of Treg cells. 4t IFN-y was classical pro-inflammatory cytokine. We
performed IL-27Ra/ IL-10/ IFN-y staining for allograft on top period
of allorejection. Results indicated that IL-10* IL-27Ra* cells strongly
decreased, while the IFN-y* IL-27Ra" cells increased in allograft.
At the same time, increased IFN-y and decreased IL-10 in serum of
allografted model mice were detected. Since that IFN-y predicted
acute rejection and IL-10 represented allograft tolerance,*? these
results indicated the local graft and systemic change in allogeneic
transplanted mouse exhibited severe inflammatory response, IL-
27Rat cell took part in pro-inflammation response. IL-27Ra path-
way prone to much more IFN-y and less IL-10 release to accelerate
allorejection.

Recently, it was reported that IL-2Ra/IL-27 pathway dis-
played contrast effect in allogeneic transplantation rejection In
humanized xenogeneic GVHD NOD/SCID model, IL-27 favoured
human placenta-derived MSCs to promote generation of CD4"IL-
10"IFN-y* T cells and alleviate GVHD symptoms.'° By enhancing
IL-10/ IFN-y expression ratio in the alloantigen specific CD4" T
cells, IL-27 adenovirus associated virus (AAV) transduction pro-
moted the regulation of rapamycin to prolong the allograft sur-
vival.'! In contrast, our present study showed that IL-27Ra was
up-regulated in allogeneic CD4'T cells. Recently report revealed
that anti-IL-27 p28 antibody treatment could magnify the protec-
tion capability of TLR7 ligand R848 to GVHD by strongly activat-
ing regulatory T cell.*® In our study, we found that anti-IL-27 p28
could almost totally neutralize that effect of rIL-27 on proliferation
and apoptosis via STAT pathway.

In a summary, our data suggested that high expressed IL-27Ra in
allogeneic graft promoted allorejection through enhancing prolifer-
ation and anti-apoptosis, via activating STAT pathway. The effective
route may be mainly through producing much more pro-inflamma-
tory cytokine IFN-y and less immunosuppressive cytokine IL-10 in
graft and in peripheral blood. Blocking IL-27 pathway may favour to
prevent allorejection, and IL-27Ra may be as a high selective mol-
ecule for targeting diagnosis and therapy for allotransplantation

rejection.
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