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Soluble interleukin-27 receptor 
alpha is a valuable prognostic 
biomarker for acute graft-versus-
host disease after allogeneic 
haematopoietic stem cell 
transplantation
Shuangzhu Liu1,3, Jingjing Han1,3, Huanle Gong2, Yongsheng Li4, Xiebing Bao1, Jiaqian Qi1, 
Hong Liu1,3, Jia Chen1,3, Xiaojin Wu1,3, Yang Xu1,2,3, Shoubao Ma1,2,3 & Depei Wu1,2,3

Acute graft-versus-host disease (aGVHD) is a major life-threatening complication after allogeneic 
haematopoietic stem cell transplantation. Interleukin-27 receptor alpha (IL-27Rα) is a co-receptor of IL-27,  
an inflammatory cytokine that possesses extensive immunological functions. It has been reported that 
IL-27Rα can exist in its soluble form (sIL-27Rα) in human serum and can function as a natural IL-27 
antagonist. In this study, we examined serum sIL-27Rα levels and evaluated their prognostic value 
in aGVHD. A total of 152 subjects were prospectively recruited and separated into the training group 
(n = 72) and the validation group (n = 80). Serum sIL-27Rα at neutrophil engraftment was measured 
by ELISA. In the training set, a cut-off value of sIL-27Rα = 59.40 ng/ml was identified to predict grade 
II–IV aGVHD (AUC = 0.735, 95% CI 0.618–0.853, P = 0.001). Cumulative incidences of grade II–IV aGVHD 
(P = 0.004), relapse rate (P = 0.008), and non-relapse mortality (P = 0.008) in patients with low serum 
sIL-27Rα (≥59.40 ng/ml) were significantly higher than those of patients with high serum sIL-27Rα 
(<59.40 ng/ml). Multivariate analysis confirmed that low sIL-27Rα level (HR = 2.83 95% CI 1.29–6.19, 
P < 0.01) was an independent risk factor for predicting grade II-IV aGVHD. In addition, serum sIL-27Rα 
was positively correlated with IL-27 (R = 0.27, P = 0.029), IL-10 (R = 0.37, P = 0.0015) and HGF (R = 0.27, 
P = 0.0208), but was negatively correlated with TNFR1 (R = −0.365, P = 0.0022) and ST2 (R = −0.334, 
P = 0.0041), elafin (R = −0.29, P = 0.0117), and REG3α (R = −0.417, P = 0.0003). More importantly, the 
threshold value of sIL-27Rα was then validated in an independent cohort of 80 patients (AUC = 0.790, 
95% CI 0.688–0.892, P < 0.001). Taken together, our findings suggested that serum sIL-27Rα at 
neutrophil engraftment maybe a valuable prognostic biomarker in predicting the incidence of 
moderate-to-severe aGVHD.

Allogeneic haematopoietic stem cell transplantation (allo-HSCT) is currently one of the effective means to cure 
a variety of malignant and nonmalignant haematological diseases1. Acute graft versus host disease (aGVHD), 
one of the leading causes of transplant-related death, is a major and serious complication after allo-HSCT, with 
an incidence of approximately 40–60%2,3. Despite greater understanding of the pathogenesis of aGVHD, the 
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diagnosis of aGVHD relies primarily on clinical symptoms of aGVHD target organs, and its incidence and mor-
tality remains very high4.

Plasma biomarkers have emerged as important tools for the diagnosis of aGVHD. Examples include elafin 
for skin GVHD5, regenerating islet-derived 3α (REG3α) for gastrointestinal GVHD6, hepatocyte growth factor 
(HGF), cytokeratin fragment 18 (KRT18) for liver GVHD7,8, interleukin-2 receptor α (IL-2Rα), tumour necro-
sis factor receptor 1 (TNFR1), IL-8, IL-7, and soluble DNAX accessory molecule-1 (DNAM-1) for systemic 
GVHD7,9,10. In addition, serum stimulation-2 (ST2) and the plasma microRNA signature can serve as prognostic 
indicators of treatment-resistant GVHD11,12.

IL-27 is a heterodimeric cytokine of the IL-12 family, composed of two subunits, EBI3 and p2813. IL-27 signals 
through a heterodimeric receptor composed of gp130 and IL-27Rα14, leading to activation of the STAT path-
way. IL-27Rα (formerly called WSX1 or TCCR) was first cloned in 1998 and is highly expressed on effector and 
memory CD4+ and CD8+ T cells15,16. A previous study by Odile et al.17 demonstrated that membrane IL-27Rα 
existed in its soluble form (sIL-27Rα) in healthy human serum as well as in the serum of patients with Crohn’s 
disease, suggesting that sIL-27Rα may play an essential role in normal as well as pathological conditions. sIL-
27Rα can be produced by human activated CD4+ and CD8+ T cells, B cells, myeloid cells, and various cell lines. 
More importantly, they found that sIL-27Rα bound IL-27 and antagonized IL-27 signalling, thus functioning as 
a natural antagonist of IL-27 under normal and pathological conditions17. However, expression levels and the 
clinical significance of serum IL-27Rα in patients after allo-HSCT remain largely unknown. It remains unclear as 
to whether there any associations between sIL-27Rα levels and the development of aGVHD.

In this study, we investigated the expression of human sIL-27Rα in serum of patients with aGVHD after 
allo-HSCT. We also examined the relationship between serum levels of sIL-27Rα and the development of 
aGVHD. Our results indicated that sIL-27Rα was a valuable prognostic biomarker for the development of 
aGVHD after allo-HSCT.

Patients and Methods
Patients and samples.  A total of 72 patients with full clinical follow-up data who underwent allo-HSCT 
at the First Affiliated Hospital of Soochow University were recruited in our Biobank from Jan 1, 2012 to Dec 31, 
2012 and were selected as the training group. Another 80 cases with full clinical follow-up data were recruited 
in our Biobank from Jan 1, 2013 to Dec 31, 2013 and were selected as the validation group. The characteristics 
of 152 total cases are shown in Table S1. The characteristics of the patients in the training and validation groups 
were similar. The bone marrow human leucocyte antigens (HLA-A, HLA-B, HLA-C, HLA-DRB1, HLA-DQB1) 
in these patients were obtained by high-resolution deoxyribonucleic acid techniques18, including compatriots in 
full, kinship not all in full and unrelated in full. All patients were pretreated with a myeloablative conditioning 
regimen. Myeloablative conditioning regimens contained high-dose cyclophosphamide (CTX) with busulfan. 
The day of donor cell infusion was day 0. Recipients were given immunosuppressive drugs, including a calcineu-
rin inhibitor and methotrexate to prevent aGVHD. The diagnosis of aGVHD was primarily based on the clin-
ical and pathological findings of the patients and was graded according to consensus criteria19. Serum samples 
were obtained before initiating the conditioning regimen and on the day of neutrophil engraftment. The date of 
neutrophil engraftment was defined as the first of three consecutive days when the patient’s neutrophil counts 
exceeded 0.5 × 109/L, and serum samples were collected at the first day post neutrophil engraftment. This study 
was approved by the ethics committee of the First Affiliated Hospital of Soochow University. Written informed 
consent was obtained from each patient in accordance with the Declaration of Helsinki.

Measuring serum sIL-27Rα levels.  Serum levels of sIL-27Rα was measured by sandwich enzyme-linked 
immunosorbent assay (ELISA) as described previously17. Briefly, 96-well plates were coated with mouse 
anti-human IL-27Rα monoclonal antibody (Clone #191106, R&D Systems, 0.8 μg/ml, 100 μL/well) overnight at 
room temperature, The plates were blocked with reagent diluent (1% BSA in PBS, 300 μL/well, Catalogue #DY995, 
R&D Systems) for 1 h at room temperature, and then washed three times using washing buffer (0.05% Tween 
20 in PBS, 300 μL/well, Catalogue #WA126, R&D Systems). Recombinant human IL-27Rα-Fc chimaera protein 
(Catalogue #1479-TC-050, R&D Systems) was used as a standard. A total of 100 μL of serum samples or standards 
were added in each well and incubated 1 h at room temperature. After washing, biotinylated goat anti-human 
IL-27Rα polyclonal antibody (100 μL/well, Catalogue #BAF1479, R&D Systems) was added as detection anti-
body for 2 h at room temperature. The plates were then washed and incubated with streptavidin HRP (1:40 in 
reagent diluent, 100 μL/well, R&D Systems) for 20 min at room temperature. Following another washing, 100 μL 
of substrate solution (Catalogue #DY999, R&D Systems) was added into each well and incubated for 20 min at 
room temperature. The reactions were stopped with 2 N H2SO4. The optical density of each well was measured 
at 450 nm using a microplate reader (Synergy HT, BioTek, USA). The limit of sensitivity was 30 pg/ml sIL-27Rα. 
Serum levels of IL-27, IL-10, TNFR1, ST2, elafin and REG3α were measured using a commercial ELISA kit (R&D 
Systems). HGF was measured using an ELISA kit from Multisciences (Hangzhou, China). The experiments were 
approved by the ethics committee of the First Affiliated Hospital of Soochow University, and all experiments were 
performed in accordance with relevant guidelines and regulations.

Statistical analysis.  The association between serum sIL-27Rα levels on the day of neutrophil engraft-
ment and the acute GVHD grade was evaluated using Spearman’s rank correlation coefficient. Continuous and 
dichotomous variables in the two groups were compared using the Mann–Whitney U test and Fisher’s exact test, 
respectively. Receiver operator characteristic (ROC) curves were constructed for sIL-27Rα levels predicting the 
occurrence of acute GVHD, and the area under the ROC curve was calculated to examine the level’s performance. 
When obtained the largest Youden Index, the corresponding value was cut-off value. The cut-off value from the 
ROC curves was evaluated for sensitivity and specificity. The relapse rate (CIR) and non-relapse mortality (NRM) 
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were calculated using Gray’s test, and each event was considered a competing risk20. The cumulative incidence of 
acute GVHD was also calculated using Gray’s test, and death without acute GVHD or relapse was considered a 
competing risk20. Factors that exhibited at least marginal significance (P < 0.10) in the univariate analyses were 
included in the multivariate analyses using Fine and Gray proportional hazards model, and subsequently deleted 
from the model in an enter manner. Overall survival (OS) was estimated using the Kaplan-Meier method and was 
compared between the groups using the log-rank test. Factors with P values of <0.05 were considered statistically 
significant.

Results
Expression levels of sIL-27Rα in GVHD patients.  To detect the soluble form of IL-27Rα (sIL-27Rα) in 
human serum, we developed a sandwich ELISA system and evaluated concentrations of sIL-27Rα in the train-
ing set (n = 72). As shown in Fig. 1A, the serum sIL-27Rα levels at the time of pre-conditioning and neutrophil 
engraftment were 53.52 ± 24.86 ng/ml and 73.40 ± 25.42 ng/ml, respectively; significant upregulation of sIL-27Rα 
levels was observed after allo-HSCT (Fig. 1A, P < 0.001). In addition, serum sIL-27Rα levels in patients with 
grade II–IV aGVHD were significantly lower than those of 0-I aGVHD patients on the day of neutrophil engraft-
ment (grade 0-I: 81.59 ± 24.93 ng/ml; grade II–IV: 61.92 ± 21.68 ng/ml; P < 0.01, Fig. 1B), However, no statisti-
cally significant difference in serum sIL-27Rα levels between 0-I aGVHD patients and II–IV aGVHD patients 
was found at pre-conditioning (Fig. S1A). Moreover, we found that serum sIL-27Rα levels in patients with liver 
aGVHD (n = 5), but not those with skin aGVHD, and gastrointestinal (GI) aGVHD were significantly lower than 
those of 0-I aGVHD patients (P < 0.05, Fig. S1B) at pre-conditioning. On the day of neutrophil engraftment, 
serum sIL-27Rα levels in patients with skin aGVHD (n = 18, P < 0.01) and liver aGVHD (n = 5, P < 0.05) were 
significantly lower than those of 0-I aGVHD patients (Fig. 1C). However, no statistically significant difference in 
the serum sIL-27Rα levels between cGVHD (n = 32) and non-cGVHD patients (n = 40) were observed at the two 
time points (Figs 1D and S1C). Taken together, our results suggest that the sIL-27Rα in the serum as associated 
with the development of aGVHD.

The prognostic value of sIL-27Rα in aGVHD.  We then analysed the prognostic ability of sIL-27Rα dur-
ing pre-conditioning, and on the day of neutrophil engraftment for occurrence of II-IV aGVHD by conducting 
ROC. As shown in Figs S1D and Fig. 2A, the area under the ROC curve (AUC) was 0.556 (95% CI 0.419–0.693, 

Figure 1.  The expression of sIL-27Rα level in GVHD patients. (A) Serum sIL-27Rα levels were significantly 
increased on the day of neutrophil engraftment compared with pre-conditioning (P < 0.0001). (B) The serum 
sIL-27Rα levels in patients with grade II–IV aGVHD were significantly lower than those of 0-I aGVHD patients 
on the day of neutrophil engraftment (P < 0.001). (C) On the day of neutrophil engraftment, serum sIL-27Rα 
levels in patients with skin aGVHD (P < 0.01) and liver aGVHD (P < 0.05) were significantly lower than those 
of 0-I aGVHD patients. (D) There were no similar significant difference regarding cGVHD. Data shown are 
mean ± SD.



www.nature.com/scientificreports/

4Scientific Reports |  (2018) 8:10328  | DOI:10.1038/s41598-018-28614-4

P = 0.421) during pre-conditioning and was 0.735 (95% CI 0.618–0.853, P = 0.001) on the day of neutrophil 
engraftment, suggesting that the sIL-27Rα levels on the day of neutrophil engraftment could be used to predict 
grade II–IV aGVHD; when we used 59.4 ng/ml as the cut-off value for the ROC curve, the sensitivity and speci-
ficity were 56% and 81%, respectively with the largest Youden Index (Fig. 2A).

Association of sIL-27Rα with aGVHD severity, relapse and survival.  Next, the patients were 
divided into two groups according to this cut-off value, of which 46 patients had an sIL-27Rα levels ≥59.40 ng/ml  
and 23 had an sIL-27Rα levels <59.40 ng/ml. Three patients among them were excluded because they developed 
grade II–IV aGVHD before neutrophil engraftment. The association of sIL-27Rα with clinical factors was first 
evaluated. As shown in Table 1, donor type, disease risk levels, aGVHD grade, and patients’ outcomes were signif-
icantly associated with low serum sIL-27Rα levels. In addition, the cumulative incidence of grade II–IV aGVHD 
was significantly lower in patients with high sIL-27Rα levels than in patients with low sIL-27Rα levels (P = 0.004, 
Fig. 2B).

The median follow-up of the patients was 41.7 months (range 2.2–48.4) after allo-HSCT. Kaplan-Meier 
survival analysis showed that patients with low sIL-27Rα levels showed poor overall survival compared with 
patients with high sIL-27Rα levels (log rank test, P < 0.001, Fig. 2C). Moreover, patients with low sIL-27Rα lev-
els had higher relapse rate (CIR) and non-relapse mortality (NRM) than did patients with high sIL-27Rα levels 
(P = 0.008, respectively; Fig. 2D,E). Univariate analyses showed that sIL-27Rα levels <59.40 ng/ml (P = 0.001), 
donor type (P = 0.011) and disease status (P = 0.016) were significantly associated with poor overall survival 
(Fig. S2A). Cox survival hazards model analysis confirmed that low sIL-27Rα level (HR = 4.143, 95% CI 1.361–
12.614, P = 0.012) was the parameter most strongly associated with poor overall survival (Fig. S2B).

Figure 2.  The diagnostic value of sIL-27Rα in aGVHD and the association of sIL-27Rα with aGVHD severity, 
relapse and survival. (A) The area under the ROC curve (AUC) was 0.735 (95% CI 0.618–0.853, P = 0.001) on 
the day of neutrophil engraftment; when using 59.4 ng/ml as cut-off value from the ROC curve, the sensitivity 
and specificity were 56% and 81%, respectively. (B) The cumulative incidence of grade II–IV aGVHD was 
significantly lower in patients with high sIL-27Rα levels by Gray’s test (P = 0.004). (C) Patients with high 
sIL-27Rα levels showed favourable overall survival compared with patients with low sIL-27Rα levels with 
Kaplan-Meier survival analysis by log rank test (P < 0.001). (D,E) Patients with high sIL-27Rα levels had lower 
relapse rate (CIR) and non-relapse mortality (NRM) than did patients with low sIL-27Rα levels by Gray’s test 
(P = 0.008, respectively).
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sIL-27Rα as an independent prognostic aGVHD biomarker.  To investigate the specificity of sIL-
27Rα as a predictor of aGVHD, we performed univariate analyses. The results showed that sIL-27Rα levels 
<59.40 ng/ml (P < 0.01), donor age (P = 0.04) and disease status (P = 0.08) at neutrophil engraftment were sig-
nificantly associated with grade II–IV aGVHD (Table 2). Fine and Gray proportional hazards model analysis 
confirmed that low sIL-27Rα level (HR = 2.83, 95% CI 1.29–6.19, P < 0.01) was the parameter most strongly 
associated with II–IV aGVHD (Table 2), suggesting that low sIL-27Rα level may be an independent risk factor 
for predicting grade II–IV aGVHD.

The prognostic value of sIL-27Rα was validated in a second independent cohort of 80 patients (Table S1). In 
the validation group, 40 patients developed grade II–IV acute GVHD, 6 of whom were excluded because they 
developed grade II–IV aGVHD before neutrophil engraftment. The same threshold of sIL-27Rα (59.4 ng/ml) 
was applied in the independent validation set. As shown in Fig. 3A, the AUC was 0.790 (95% CI 0.688–0.892, 
P < 0.001), with sensitivity and specificity 83.8% and 62.2%, respectively. In addition, patients with low sIL-27Rα 
levels showed a high cumulative incidence of grade II–IV aGVHD (P < 0.001, Fig. 3B), poor overall survival 
(P < 0.05, Fig. 3C), and higher non-relapse mortality (P = 0.005, Fig. 3E), than did patients with high sIL-27Rα 
levels. However, there were no significant differences in relapse rates between the two groups (P = 0.931, Fig. 3D). 
Taken together, our results suggested that sIL-27Rα in serum was a valuable prognostic biomarker for II–IV 
aGVHD after allo-HSCT.

Association of sIL-27Rα with serum cytokine levels in aGVHD.  The above-referenced data demon-
strated that low serum sIL-27Rα levels at neutrophil engraftment were associated with II-IV aGVHD, poor OS 

Factors Total sIL-27Rα ≥ 59.40 sIL-27Rα < 59.40 P value

Age median 28(3–59) 29(9–59) 27(3–50) 0.113

Gender

  male 42 27 15 0.601

  female 27 19 8

Donor age 34(16–52) 34(16–52) 36(21–52) 0.508

Patient-donor sex match

  match 44 29 15
0.859

  mismatch 25 17 8

GVHD

  CsA based 49 35 14
0.189

  Fk506 based 20 11 9

Donor type

  related 48 36 12
0.026

  unrelated 21 10 11

Diagnosis

  AML 28 17 11

0.114
  ALL 25 15 10

  MDS 6 4 2

  CML 10 10 0

Disease status

  standand risk 47 35 12
0.045

  high risk 22 11 11

aGVHD grade

  0 14 10 4

0.027

  I 28 24 4

  II 17 7 10

  III 6 3 3

  IV 4 2 2

II–IV aGVHD ggvgvaGVHD organ

  skin 16 6 10

0.975  colon 12 5 7

  liver 5 2 3

Prognosis

  survival 51 41 10

<0.001  relapse 8 2 6

  other 10 3 7

Table 1.  The association of sIL-27Rα levels at neutrophil engraftment with clinical factors. Note: 3 patients 
were excluded because they developed grade II–IV aGVHD before neutrophil engraftment.
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and high relapse rate, suggested that sIL-27Rα may play a protective role in aGVHD development. To investigate 
the potential mechanism, we examined the expression of inflammatory cytokines at neutrophil engraftment, as 
well as certain identified plasma aGVHD biomarkers and evaluated their correlations with sIL-27Rα levels. As 
shown in Fig. 4, sIL-27Rα levels were positively correlated with IL-27 (R = 0.27, P = 0.029), anti-inflammatory 
cytokine IL-10 (R = 0.37, P = 0.0015) and liver GVHD biomarker HGF (R = 0.27, P = 0.0208), but were negatively 
correlated with TNFR1 (R = −0.365, P = 0.0022) and ST2 (R = −0.334, P = 0.0041), skin GVHD biomarker elafin 
(R = −0.29, P = 0.0117), and gastrointestinal GVHD biomarker REG3α (R = −0.417, P = 0.0003).

Additionally, it has previously been shown that absolute lymphocyte counts were correlated with incidence 
of GVHD21,22. However, our data showed that there was no significant difference in absolute lymphocyte counts 
between grade 0-I aGVHD and grade II–IV aGVHD (P = 0.859, data not shown), and no significant correla-
tion between absolute lymphocyte counts and serum sIL-27Rα levels (R = −0.149, P = 0.93, data not shown). 
Furthermore, we also assessed the above 7 biomarkers on the day of neutrophil engraftment and evaluated their 
prognostic value in grade II–IV aGVHD. The results showed that TNFR1 (AUC = 0.664, 95% CI 0.536–0.793, 
P = 0.022), ST2 (AUC = 0.724, 95% CI 0.603–0.845, P = 0.002), IL-27 (AUC = 0.645, 95% CI 0.510–0.780, 
P = 0.043) may be used to predict grade II–IV aGVHD (Table S3). Multivariate analysis showed that sIL-27Rα 
and ST2 were the best biomarkers to predict II–IV aGVHD after allo-HSCT (Table S4).

Discussion
aGVHD symptoms are the result of damaged target tissues with the release of a large number of cytokines and 
proteins at the onset of aGVHD3. Therefore, plasma proteomic profiles could be used as biomarkers for diagnosis 
of aGVHD and prediction of prognosis of aGVHD. In this study, we identified for the first time that serum sIL-
27Rα = 59.40 ng/ml at neutrophil engraftment after allo-HSCT was the threshold for predicting the development 
of II–IV aGVHD. However, since the AUC value of sIL-27Rα determined by ROC curves may be less efficient, 
a single sIL-27Rα marker at neutrophil engraftment may not be enough for accurate prediction of aGVHD, and 
combination with other biomarkers, if any, could predict aGVHD occurrence after transplantation.

IL-27 is a potent inflammatory cytokine with immune regulatory properties. It was first identified as a 
pro-inflammatory cytokine that induced proliferation of CD4+ T cells and production of IFN-γ23,24. However, 
subsequent studies revealed that IL-27 had inhibitory effects by inducing IL-10 producing Treg cells and Tr1 
cells25,26. IL-27 are mainly produced by activated antigen-presenting cells, including dendritic cells and mac-
rophages, and its receptor, IL-27Rα and gp130, are constitutively expressed by numerous immune on nonim-
mune cells14. Some cytokine receptors, including ST2, gp130, IL-15Rα, and IL-7Rα can exist in both membrane 
and soluble forms27–30. Their soluble form can act as an agonist or antagonist by binding to its ligand. sIL-27Rα 

Factor

Univariate analysis Multivariate analysis

Incidence of acute GVHD (%) P value Hazard ratio 95% CI P value

Patient age (years)

  <50 39.1 0.94

  ≥50 40.0

Gender

  Male 40.0 0.11

  Female 51.9

GVHD prophylaxis

  FK506 45.0 0.57

  CSA 36.7

Donor age

  <35 27.8 0.04 1 1.11–4.82 0.03

  ≥35 51.5 2.31

sIL-27Rα level

  <59.40 65.2 <0.01 2.83 1.29–6.19 <0.01

  ≥59.40 26.1 1

Disease status

  High risk 54.5 0.08 1.42 0.69–2.97 0.34

  Standard risk 31.9 1

Patient-donor sex

  match 38.6 0.81

  mismatch 40.0

Donor type

  Unrelated 42.9 0.98

  Related 37.5

Table 2.  Univariate and multivariate analyses of factors affecting the incidence of grade II–IV acute graft- 
versus-host disease after allogeneic hematopoietic stem cell transplantation at neutrophil engraftment. Note: 3 
patients were excluded because they developed grade II–IV aGVHD before neutrophil engraftment.
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was first reported in mouse neuronal cells as an alternatively spliced isoform missing exons 7–1431. This trun-
cated IL-27Rα isoform acted as a functional subunit of a receptor for an anti-Alzheimer’s disease rescue factor 
Humanin31. Later, the Odile group first reported that IL-27Rα existed naturally as a soluble form that antagonized 
IL-27 activity in activated T cell culture supernatants, healthy human serum, and Crohn’s disease patients17, sug-
gesting that sIL-27Rα may play an essential role in normal and pathological conditions. However, the clinical 
significance of serum IL-27Rα levels remained largely unknown.

In this study, using an ELISA method described previously17, we detected the concentrations of sIL-27Rα 
in the sera of aGVHD and non-GVHD patients before initiating the conditioning regimen and on the day of 
neutrophil engraftment. Our results showed that only sIL-27Rα levels at neutrophil engraftment could predict 
grade II–IV aGVHD development. The cumulative incidence of grade II–IV and NRM was similar between 
high and low sIL-27Rα at pre-conditioning (Fig. S3A,D), while low sIL-27Rα levels showed slightly poor overall 
survival, and lower CIR compared to that of patients with high sIL-27Rα levels at pre-conditioning (Fig. S3B,C). 
Univariate and multivariate analyses demonstrated that low sIL-27Rα levels at pre-conditioning were not signif-
icantly associated with grade II–IV aGVHD (Table S2) and overall survival (Fig. S4A,B). The prognostic value of 
sIL-27Rα was further validated in a second independent cohort of 80 patients. Therefore, our results indicated 
that sIL-27Rα levels at neutrophil engraftment after allo-HSCT may be a useful predictor of II–IV aGVHD.

In this study, we found that sIL-27Rα was significantly down-regulated in patients with grade II–IV aGVHD, 
especially in patients with skin or liver aGVHD. Patients with low sIL-27Rα levels showed higher incidences of 
grade II–IV aGVHD, poor overall survival, and higher recurrence rates than did patients with high sIL-27Rα lev-
els, suggesting that sIL-27Rα may play a protective role in the development of aGVHD. We also give some clues 
regarding its mechanism. We found that sIL-27Rα was positively associated anti-inflammatory cytokine IL-10 
and HGF, while negatively associated with TNFR1, elafin and REG3α. IL-10 and HGF have been shown to ame-
liorate aGVHD32,33, whereas TNFR1, elafin, REG3α were associated with severe systemic, skin and gastrointesti-
nal aGVHD5,7. Previous studies showed that IL-27 played a critical role in the parent-to-F1 model of aGVHD34. A 
subsequent study using IL-27-deficient mice showed that the role of IL-27 in aGVHD was controversial. Recipient 
mice reconstituted with marrow grafts from IL-27 p28-deficient donors exacerbated aGVHD, while those treated 
with p28 antibody had significantly reduced aGVHD35, indicating that IL-27 signalling had a complicated role in 

Figure 3.  sIL-27Rα as an independent prognostic aGVHD biomarker validated in an independent cohort of 
80 patients. (A) The area under the ROC curve (AUC) was 0.790 (95% CI 0.688–0.892, P < 0.001) on the day 
of neutrophil engraftment, using 59.4 ng/ml as the cut-off value. (B) The cumulative incidence of grade II–IV 
aGVHD was significantly lower in patients with high sIL-27Rα levels by Gray’s test (P < 0.001). (C) Patients 
with high sIL-27Rα levels showed favourable overall survival compared with patients with low sIL-27Rα levels 
on Kaplan-Meier survival analysis by log rank test (P = 0.012). (D,E) Patients with high sIL-27Rα levels had 
similar relapse rates (CIR) and lower non-relapse mortality (NRM) than did patients with low sIL-27Rα levels 
by Gray’s test (P = 0.0931, P = 0.005, respectively).



www.nature.com/scientificreports/

8Scientific Reports |  (2018) 8:10328  | DOI:10.1038/s41598-018-28614-4

the development of aGVHD. In our aGVHD samples, we also detected high levels of IL-27 in serum of aGVHD 
patients, and patients with high IL-27 levels showed lower incidences of grade II–IV aGVHD as well as favourable 
overall survival (data not shown), suggesting that IL-27 played a protective role in the development of aGVHD. 
We also found that sIL-27Rα levels were positively correlated with IL-27 levels (R = 0.27, P = 0.029), in accord-
ance with similar observations in Crohn’s disease patients, suggesting that the interaction between IL-27 and 
sIL-27Rα may play critical role in aGVHD biology. However, the underling mechanisms remain under further 
investigation.

In conclusion, we measured sIL-27Rα in the serum of allo-HSCT patients and demonstrated that sIL-27Rα 
can potentially be a useful biomarker for prediction of the development of aGVHD. A multicentre, prospective 
study is needed to validate our findings. Further study is required to clarify the pathological functions of sIL-
27Rα in the development of aGVHD.

Ethics Statement.  This study was approved by the ethics committee of the First Affiliated Hospital 
of Soochow University. Written informed consent was obtained from each patient in accordance with the 
Declaration of Helsinki.

References
	 1.	 Shouval, R. et al. Validation of the acute leukemia-EBMT score for prediction of mortality following allogeneic stem cell 

transplantation in a multi-center GITMO cohort. American journal of hematology 92, 429–434, https://doi.org/10.1002/ajh.24677 
(2017).

	 2.	 Gooley, T. A. et al. Reduced mortality after allogeneic hematopoietic-cell transplantation. The New England journal of medicine 363, 
2091–2101, https://doi.org/10.1056/NEJMoa1004383 (2010).

	 3.	 Levine, J. E. et al. A prognostic score for acute graft-versus-host disease based on biomarkers: a multicentre study. The Lancet. 
Haematology 2, e21–29, https://doi.org/10.1016/S2352-3026(14)00035-0 (2015).

	 4.	 Choi, S. W. & Reddy, P. Current and emerging strategies for the prevention of graft-versus-host disease. Nature reviews. Clinical 
oncology 11, 536–547, https://doi.org/10.1038/nrclinonc.2014.102 (2014).

Figure 4.  Association of sIL-27Rα with serum cytokine levels in aGVHD. The associations between sIL-27Rα 
levels with serum IL-27, IL-10, HGF, TNFR1, elafin, REG3α and ST2 levels were analysed by using Spearman’s 
rank correlation coefficient.

http://dx.doi.org/10.1002/ajh.24677
http://dx.doi.org/10.1056/NEJMoa1004383
http://dx.doi.org/10.1016/S2352-3026(14)00035-0
http://dx.doi.org/10.1038/nrclinonc.2014.102


www.nature.com/scientificreports/

9Scientific Reports |  (2018) 8:10328  | DOI:10.1038/s41598-018-28614-4

	 5.	 Paczesny, S. et al. Elafin is a biomarker of graft-versus-host disease of the skin. Science translational medicine 2, 13ra12, https://doi.
org/10.1126/scitranslmed.3000406 (2010).

	 6.	 Ferrara, J. L. et al. Regenerating islet-derived 3-alpha is a biomarker of gastrointestinal graft-versus-host disease. Blood 118, 
6702–6708, https://doi.org/10.1182/blood-2011-08-375006 (2011).

	 7.	 Paczesny, S. et al. A biomarker panel for acute graft-versus-host disease. Blood 113, 273–278, https://doi.org/10.1182/
blood-2008-07-167098 (2009).

	 8.	 Luft, T. et al. Serum cytokeratin-18 fragments as quantitative markers of epithelial apoptosis in liver and intestinal graft-versus-host 
disease. Blood 110, 4535–4542, https://doi.org/10.1182/blood-2006-10-049817 (2007).

	 9.	 Dean, R. M. et al. Association of serum interleukin-7 levels with the development of acute graft-versus-host disease. Journal of 
clinical oncology: official journal of the American Society of Clinical Oncology 26, 5735–5741, https://doi.org/10.1200/
JCO.2008.17.1314 (2008).

	10.	 Kanaya, M. et al. Soluble DNAM-1, as a Predictive Biomarker for Acute Graft-Versus-Host Disease. PloS one 11, e0154173, https://
doi.org/10.1371/journal.pone.0154173 (2016).

	11.	 Vander Lugt, M. T. et al. ST2 as a marker for risk of therapy-resistant graft-versus-host disease and death. The New England journal 
of medicine 369, 529–539, https://doi.org/10.1056/NEJMoa1213299 (2013).

	12.	 Xiao, B. et al. Plasma microRNA signature as a noninvasive biomarker for acute graft-versus-host disease. Blood 122, 3365–3375, 
https://doi.org/10.1182/blood-2013-06-510586 (2013).

	13.	 Hasegawa, H. et al. Expanding Diversity in Molecular Structures and Functions of the IL-6/IL-12 Heterodimeric Cytokine Family. 
Frontiers in immunology 7, 479, https://doi.org/10.3389/fimmu.2016.00479 (2016).

	14.	 Yoshida, H. & Hunter, C. A. The immunobiology of interleukin-27. Annual review of immunology 33, 417–443, https://doi.
org/10.1146/annurev-immunol-032414-112134 (2015).

	15.	 Sprecher, C. A. et al. Cloning and characterization of a novel class I cytokine receptor. Biochemical and biophysical research 
communications 246, 82–90, https://doi.org/10.1006/bbrc.1998.8576 (1998).

	16.	 Villarino, A. V. et al. Positive and negative regulation of the IL-27 receptor during lymphoid cell activation. Journal of immunology 
174, 7684–7691 (2005).

	17.	 Dietrich, C., Candon, S., Ruemmele, F. M. & Devergne, O. A soluble form of IL-27Ralpha is a natural IL-27 antagonist. Journal of 
immunology 192, 5382–5389, https://doi.org/10.4049/jimmunol.1303435 (2014).

	18.	 Morishima, Y. et al. The clinical significance of human leukocyte antigen (HLA) allele compatibility in patients receiving a marrow 
transplant from serologically HLA-A, HLA-B, and HLA-DR matched unrelated donors. Blood 99, 4200–4206 (2002).

	19.	 Przepiorka, D. et al. 1994 Consensus Conference on Acute GVHD Grading. Bone marrow transplantation 15, 825–828 (1995).
	20.	 Gooley, T. A., Leisenring, W., Crowley, J. & Storer, B. E. Estimation of failure probabilities in the presence of competing risks: new 

representations of old estimators. Statistics in medicine 18, 695–706 (1999).
	21.	 Kim, D. H. et al. Clinical impact of early absolute lymphocyte count after allogeneic stem cell transplantation. British journal of 

haematology 125, 217–224 (2004).
	22.	 BN, S. et al. Absolute Lymphocyte Count on Day 30 Is a Surrogate for Robust Hematopoietic Recovery and Strongly Predicts 

Outcome after T Cell-Depleted Allogeneic Stem Cell Transplantation. Biology of Blood & Marrow Transplantation Journal of the 
American Society for Blood & Marrow Transplantation 13, 1216 (2007).

	23.	 Pflanz, S. et al. IL-27, a heterodimeric cytokine composed of EBI3 and p28 protein, induces proliferation of naive CD4+ T cells. 
Immunity 16, 779–790 (2002).

	24.	 Owaki, T. et al. A role for IL-27 in early regulation of Th1 differentiation. Journal of immunology 175, 2191–2200 (2005).
	25.	 Awasthi, A. et al. A dominant function for interleukin 27 in generating interleukin 10-producing anti-inflammatory T cells. Nature 

immunology 8, 1380–1389, https://doi.org/10.1038/ni1541 (2007).
	26.	 Pot, C., Apetoh, L., Awasthi, A. & Kuchroo, V. K. Induction of regulatory Tr1 cells and inhibition of T(H)17 cells by IL-27. Seminars 

in immunology 23, 438–445, https://doi.org/10.1016/j.smim.2011.08.003 (2011).
	27.	 Bergamaschi, C. et al. Intracellular interaction of interleukin-15 with its receptor alpha during production leads to mutual 

stabilization and increased bioactivity. The Journal of biological chemistry 283, 4189–4199, https://doi.org/10.1074/jbc.M705725200 
(2008).

	28.	 Lundstrom, W. et al. Soluble IL7Ralpha potentiates IL-7 bioactivity and promotes autoimmunity. Proceedings of the National 
Academy of Sciences of the United States of America 110, E1761–1770, https://doi.org/10.1073/pnas.1222303110 (2013).

	29.	 Jostock, T. et al. Soluble gp130 is the natural inhibitor of soluble interleukin-6 receptor transsignaling responses. European journal 
of biochemistry 268, 160–167 (2001).

	30.	 Weinberg, E. O. et al. Identification of serum soluble ST2 receptor as a novel heart failure biomarker. Circulation 107, 721–726 
(2003).

	31.	 Hashimoto, Y., Kurita, M. & Matsuoka, M. Identification of soluble WSX-1 not as a dominant-negative but as an alternative 
functional subunit of a receptor for an anti-Alzheimer’s disease rescue factor Humanin. Biochemical and biophysical research 
communications 389, 95–99, https://doi.org/10.1016/j.bbrc.2009.08.095 (2009).

	32.	 Kuroiwa, T. et al. Hepatocyte growth factor ameliorates acute graft-versus-host disease and promotes hematopoietic function. The 
Journal of clinical investigation 107, 1365–1373, https://doi.org/10.1172/JCI11808 (2001).

	33.	 Rowe, V. et al. Host B cells produce IL-10 following TBI and attenuate acute GVHD after allogeneic bone marrow transplantation. 
Blood 108, 2485–2492, https://doi.org/10.1182/blood-2006-04-016063 (2006).

	34.	 Marillier, R. G., Uyttenhove, C., Goriely, S., Marbaix, E. & Van Snick, J. IL-27p28 is essential for parent-to-F1 acute graft-versus-host 
disease. European journal of immunology 44, 2064–2073, https://doi.org/10.1002/eji.201444491 (2014).

	35.	 Belle, L. et al. Blockade of interleukin-27 signaling reduces GVHD in mice by augmenting Treg reconstitution and stabilizing Foxp3 
expression. Blood 128, 2068–2082, https://doi.org/10.1182/blood-2016-02-698241 (2016).

Acknowledgements
This work has been supported by the grants from National Natural Science Foundation of China (81400145, 
81730003, 81470346), Natural Science Foundation of Jiangsu Province (BK201500352), China Postdoctoral 
Science Foundation (7131702415). The Priority Academic Program Development of Jiangsu Higher Education 
Institutions (PAPD). The Innovation Capability Development Project of Jiangsu Province (No. BM2015004). 
The National Key Research And Development Program of China (2016YFC0902800, 2017YFA0104502, 
2017ZX09304021), Jiangsu Provincial Key Medical Center (YXZXA2016002).

Author Contributions
W.D.P. and M.S.B. designed the study; L.S.Z., H.J.J., G.H.L. performed the experiments; L.S.Z. and M.S.B. 
analyzed the data; L.H. and C.J. provided the blood samples and clinical data; L.Y.S., B.X.B., Q.J.Q., W.X.J., X.Y. 
contributed to data analysis; L.S.Z., M.S.B. and W.D.P. wrote the manuscript. All authors have discussed and 
revised the manuscript.

http://dx.doi.org/10.1126/scitranslmed.3000406
http://dx.doi.org/10.1126/scitranslmed.3000406
http://dx.doi.org/10.1182/blood-2011-08-375006
http://dx.doi.org/10.1182/blood-2008-07-167098
http://dx.doi.org/10.1182/blood-2008-07-167098
http://dx.doi.org/10.1182/blood-2006-10-049817
http://dx.doi.org/10.1200/JCO.2008.17.1314
http://dx.doi.org/10.1200/JCO.2008.17.1314
http://dx.doi.org/10.1371/journal.pone.0154173
http://dx.doi.org/10.1371/journal.pone.0154173
http://dx.doi.org/10.1056/NEJMoa1213299
http://dx.doi.org/10.1182/blood-2013-06-510586
http://dx.doi.org/10.3389/fimmu.2016.00479
http://dx.doi.org/10.1146/annurev-immunol-032414-112134
http://dx.doi.org/10.1146/annurev-immunol-032414-112134
http://dx.doi.org/10.1006/bbrc.1998.8576
http://dx.doi.org/10.4049/jimmunol.1303435
http://dx.doi.org/10.1038/ni1541
http://dx.doi.org/10.1016/j.smim.2011.08.003
http://dx.doi.org/10.1074/jbc.M705725200
http://dx.doi.org/10.1073/pnas.1222303110
http://dx.doi.org/10.1016/j.bbrc.2009.08.095
http://dx.doi.org/10.1172/JCI11808
http://dx.doi.org/10.1182/blood-2006-04-016063
http://dx.doi.org/10.1002/eji.201444491
http://dx.doi.org/10.1182/blood-2016-02-698241


www.nature.com/scientificreports/

1 0Scientific Reports |  (2018) 8:10328  | DOI:10.1038/s41598-018-28614-4

Additional Information
Supplementary information accompanies this paper at https://doi.org/10.1038/s41598-018-28614-4.
Competing Interests: The authors declare no competing interests.
Publisher's note: Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© The Author(s) 2018

http://dx.doi.org/10.1038/s41598-018-28614-4
http://creativecommons.org/licenses/by/4.0/

	Soluble interleukin-27 receptor alpha is a valuable prognostic biomarker for acute graft-versus-host disease after allogene ...
	Patients and Methods

	Patients and samples. 
	Measuring serum sIL-27Rα levels. 
	Statistical analysis. 

	Results

	Expression levels of sIL-27Rα in GVHD patients. 
	The prognostic value of sIL-27Rα in aGVHD. 
	Association of sIL-27Rα with aGVHD severity, relapse and survival. 
	sIL-27Rα as an independent prognostic aGVHD biomarker. 
	Association of sIL-27Rα with serum cytokine levels in aGVHD. 

	Discussion

	Ethics Statement. 

	Acknowledgements

	Figure 1 The expression of sIL-27Rα level in GVHD patients.
	Figure 2 The diagnostic value of sIL-27Rα in aGVHD and the association of sIL-27Rα with aGVHD severity, relapse and survival.
	Figure 3 sIL-27Rα as an independent prognostic aGVHD biomarker validated in an independent cohort of 80 patients.
	Figure 4 Association of sIL-27Rα with serum cytokine levels in aGVHD.
	Table 1 The association of sIL-27Rα levels at neutrophil engraftment with clinical factors.
	Table 2 Univariate and multivariate analyses of factors affecting the incidence of grade II–IV acute graft- versus-host disease after allogeneic hematopoietic stem cell transplantation at neutrophil engraftment.




