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 Background: Acute cellular rejection (ACR) frequently occurs after liver transplantation (LT) and can result in permanent 
damage of the liver allograft. Specific and sensitive biomarkers for predicting and monitoring ACR are vital for 
guiding post-transplantation care. In the present study, we aimed to investigate the function of high-mobility 
group box 1 (HMGB1) in predicting ACR and prognosis after LT.

 Material/Methods: A total of 113 LT recipients were enrolled in the study, including 62 patients in an ACR group and 51 patients 
in a non-rejection group. Using tissues from the 113 patients, HMGB1 expression was examined by immuno-
histochemistry, and the total score for HMGB1 expression was calculated by multiplying the percentage of im-
munoreactive cells score and the staining intensity score. We then analyzed the association between HMGB1 
expression and clinical features. Finally, the function of HMGB1 in predicting the prognosis of LT was deter-
mined using Kaplan-Meier (K-M) survival and Cox multivariate analyses.

 Results: Immunohistochemical staining results demonstrated that the expression of HMGB1 was significantly increased 
in the ACR group, compared with that in the non-rejection group (P<0.05). Clinical characteristic analysis re-
vealed that high HMGB1 levels were related to ACR (P<0.05). Moreover, K-M survival analysis showed that pa-
tients with high HMGB1 expression displayed poorer prognosis (P<0.05). Cox multivariate analysis demonstrat-
ed that HMGB1 was an independent prognostic predictor for post-LT survival (odds ratio, 3.283; P=0.008).

 Conclusions: LT recipients’ HMGB1 levels may be a useful and noninvasive biomarker for the prediction of ACR and progno-
sis after LT.
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Background

Acute cellular rejection (ACR) is a common cause of liver in-
sufficiency after liver transplantation (LT), with an incidence of 
30% to 70%, and can lead to transplant failure [1,2]. Although 
LT is valid for treating end-stage liver disease, ACR remains a 
significant post-transplant complication [3]. ACR causes infec-
tion and cancer recurrence in recipients due to the increased 
use of immunosuppressants [4]. To avoid the increased use 
of immunosuppressive agents, accurate biomarkers are nec-
essary to predict and identify the risk of ACR early [5,6]. Liver 
histopathology is the criterion standard for the diagnosis of 
graft dysfunction after LT via liver biopsy. Expert LT patholo-
gists are required to obtain accurate pathological results [7]. 
Laboratory tests are also used to examine allograft rejection, 
but the specificity and sensitivity of these laboratory index-
es are not sufficient [8]. Therefore, it is essential to explore 
specific and noninvasive prognostic markers that can monitor 
the risk of ACR and be useful in treating transplant rejection.

High-mobility group box 1 (HMGB1) exerts a proinflammatory 
cytokine-like function by binding DNA and regulating transcrip-
tion. HMGB1 is generated during systemic disorders and serves 
as an alarm signal to initiate an inflammatory reaction [9-11]. 
Accumulating evidence shows that HMGB1 is a vital early par-
ticipant in liver, kidney, and heart injury and inflammation after 
ischemia-reperfusion (I/R) [12-14]. In a liver I/R mouse model, 
increased HMGB1 expression was found in the early stage of 
reperfusion, and the application of an extracellular HMGB1-
neutralizing antibody exerted an obvious protective effect on 
liver injury after I/R [15]. The absence of hepatocyte-specific 
HMGB1 aggravates liver I/R injury and inflammation, which 
is at least partly due to enhanced DNA injury and nuclear in-
stability, thereby increasing histone release [16].

Moreover, anti-histone H1/HMGB1 antibodies have been shown 
to play an immunosuppressive role [17,18], and a previous 
study demonstrated that blocking extracellular HMGB1 can 
significantly prolong the survival rate of transplanted hearts in 
mice [19]. These results suggest that HMGB1 may play a pro-
injury and inflammatory role in transplantation. However, the 
function of HMGB1 in ACR after LT has not been fully elucidated.

In the present study, we focused on evaluating the associa-
tion between HMGB1 and the incidence of post-LT ACR in a 
group of 113 patients with LT. For this purpose, the expression 
of HMGB1 was examined in the recipient liver samples by im-
munohistochemistry, and the incidence of ACR in the first 2 
years after LT was recorded and analyzed.

Material and Methods

Patients	and	Samples

The study enrolled 113 patients who received LT at the First 
Affiliated Hospital of Zhejiang University (Hangzhou, China) be-
tween 2006 and 2014, including 62 patients with ACR (rejection 
group) and 51 patients without ACR (non-rejection group). All 
recipients were diagnosed with end-stage liver disease caused 
by benign hepatic disease. Liver tissue specimens were removed 
and paraffin-embedded for further study. The immunosuppres-
sive scheme received by all patients was tacrolimus-based, in-
cluding corticosteroids and mycophenolate mofetil. All ACR di-
agnoses were based on clinically increased liver transaminase 
levels and pathological evaluations by needle core liver biopsy, 
which were independently confirmed by 2 expert pathologists. 
The study was approved by the Ethics Review Committee of 
the First Affiliated Hospital of Zhejiang University, which abid-
ed by the Helsinki Declaration on ethical principles. Written in-
formed consent was obtained from all patients.

Tissue	Microarray	and	Immunohistochemical	Staining

The level of HMGB1 in the liver tissues of the 113 patients 
was detected by tissue microarray (TMA) using formalin-fixed 
paraffin sections. We placed the tissue samples on the TMA 
blindly to avoid bias in the immunohistochemical (IHC) stain-
ing results. To avoid tissue loss and tissue heterogeneity, each 
sample was placed in triplicate, and 2 experts conducted semi-
quantitative scoring of the staining intensity and percentage 
of immunoreactive cells, without any knowledge of patient in-
formation. Staining intensity was divided into 3 levels: “0” for 
weak staining, “1” for moderate staining, and “2” for strong 
staining. For the percentage of immunoreactive cells, we de-
fined “0” as <20% positivity, “1” as 21% to 40%, “2” as 41% 
to 60%, “3” as 61% to 80%, and “4” as 81% to 100%. The per-
centage of immunoreactive cells multiplied by the staining in-
tensity score was used to calculate the total expression score 
of HMGB1. The total score ranged between 0 and 8. We de-
fined a high HMGB1 expression score as ≥4.

Statistical Analysis

Statistical analysis was performed using SPSS version 18.0 
(Chicago, IL, USA). The number, mean±standard deviation, 
or median±interquartile range was used to present the data. 
Categorical variables were analyzed using Fisher’s exact test. 
The relationship between HMGB1 expression levels and clinical 
outcomes was assessed using the chi-squared test by analyz-
ing the IHC staining results. The Kaplan-Meier (K-M) method 
was used to analyze overall survival, and survival differenc-
es were determined using the log-rank test. The Cox regres-
sion model was used for multivariate analysis. A P value <0.05 
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was considered statistically significant, with a confidence in-
terval of 95%.

Results

HMGB1 Expression in the Livers of Patients with ACR

To validate our hypothesis that the LT recipient HMGB1 expres-
sion levels were related to post-transplant ACR, we first examined 
the expression of HMGB1 in the 113 patient tissues, including 
those of the 62 patients with ACR and 51 patients without ACR. 
The demographic and clinical features of the patients are pre-
sented in Table 1. No differences were found in age, sex, donor 
age, cause of disease, model for end-stage liver disease (MELD) 
scores, Child-Pugh scores, serum creatinine concentration, and 
ABO compatibility between the 2 groups. HMGB1 expression in 
the 2 groups was examined by IHC staining in a tissue microar-
ray. The results indicated that HMGB1 expression levels were 
significantly higher in the rejection group (P<0.05; Figure 1).

Correlation of HMGB1 Expression with Recipient Survival 
and ACR

Based on the expression of HMGB1 in recipient liver tissues, 
we divided the patients into a high-expression group (n=38; 
IHC staining score ³4) and a low-expression group (n=75; IHC 
staining score <4). No differences in age, sex, MELD scores, and 
Child-Pugh scores were observed (Table 2). However, HGMB1 
expression was clearly related to ACR (P=0.039). Moreover, K-M 
survival analysis showed that the survival of patients with low 

HMGB1 levels was improved, compared with that of patients 
with high HMGB1 levels (P<0.05; Figure 2).

Validation of HMGB1 Levels as a Potential Prognostic 
Factor in Patients with LT

To confirm that HMGB1 expression level was a prognostic mark-
er for LT, we used a Cox regression model to examine wheth-
er patient HMGB1 expression was an independent prognostic 
factor. Our results suggested that female sex was a protective 
prognostic factor (hazard ratio [HR], 0.111; P<0.05) (Table 3). 
Notably, HMGB1 expression level was clearly related to poor 
overall survival (odds ratio [OR], 3.283; P<0.05), indicating that 
a high HMGB1 level may be an independent and adverse prog-
nostic marker in LT recipients.

Discussion

ACR is one of the principal reasons for graft dysfunction af-
ter LT [20]. Liver biopsy is still the most accurate method for 
ACR diagnosis, but noninvasive and sensitive biomarkers re-
main necessary owing to the cost, inconvenience, and invasive-
ness of liver biopsy [21]. In the present study, we demonstrat-
ed that HMGB1 overexpression was present in LT recipients 
with ACR. We also found the main cause of death in the high-
expression HMGB1 group was loss of transplanted liver func-
tion, followed by death due to abdominal bleeding, infection, 
biliary tract complications, and other causes due to liver fail-
ure during follow-up. However, the main cause of death in the 
low-expression HMGB1 group was primary disease, followed 

Characteristics,	n	(%) Rejection (n=62) Non-rejection (n=51) P value

Age  42.7±9.88  42.5±9.78 NS

Sex
 Male
 Female

50
12

45
6

NS

Donor age  32.1±11.58  30.3±10.21 NS

Primary diagnosis
 HBV cirrhosis
 Other

53
9

39
12

NS

MELD scores  23.6±10.29  23.9±10.22 NS

Child-Pugh scores  10.0±2.21  10.0±2.15 NS

Serum creatinine (µmol/L)  99.5±112.17  101.7±114.23 NS

ABO compatible (%)
 Compatible
 Incompatible

51
11

41
10

NS

Table 1. Demographic and clinical characteristics of liver transplant patients.

NS – no significance (P>0.05); HBV – hepatitis B virus; MELD – model for end-stage liver disease.
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Figure 1.  High-mobility group box 1 (HMGB1) expression in resected recipient livers. (A) Typical immunohistochemical (IHC) staining 
results were obtained from the rejection group. (B) Typical IHC staining results were obtained from the non-rejection 
group. (C) HMGB1 expression levels in the 2 groups. The data are expressed as means±standard deviations. * P<0.05 vs the 
rejection group.

HMGB1 expression level High expression (n=38) Low expression (n=75) P value

Age  42.6±9.89  43.2±9.93 NS

Sex (Male/Female) 34/4 61/14 NS

Child-Pugh scores  10.0±2.17  9.7±2.10 NS

MELD scores  23.6±10.27  21.7±9.50 NS

Rejection (n)
Non-rejection (n) 

26
12

36
39

0.039

Table 2. Characteristics of recipients between the HMGB1 high-expression group and low-expression group.

NS – no significance; HMGB1 – high-mobility group box 1; MELD – model for end-stage liver disease.
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by progressive loss of liver function caused by chronic rejec-
tion, cardiovascular disease, and other causes. Our results sug-
gested that HMGB1 level was an independent predictor of pa-
tient prognosis and HMGB1 can be used as a new biomarker 
for liver ACR prediction and monitoring.

HMGB1 is a DNA-binding protein expressed in almost all eukary-
otic cells, which can stabilize the formation of nucleosomes and 
promote transcription as a nuclear factor [22]. Recent studies 
have shown that HMGB1 plays vital roles in response to tissue 
injury, suggesting that HMGB1 is a new molecular prototype of 
a damage-related molecular model [23,24]. During infection and 
inflammatory stimuli, HMGB1 is released by activated immuno-
cytes, such as macrophages [25], dendritic cells [26], and natu-
ral killer cells [27]. The secreted HMGB1 then leads to an inflam-
matory reaction via cellular signal transduction mediated by its 

receptors, such as Toll-like receptor (TLR)2, TLR4 [28,29], and ad-
vanced glycation end products [29,30]. Moreover, HMGB1 lev-
els are clearly augmented during severe sepsis in humans and 
animals, and death from sepsis can be prevented by specific 
HMGB1-neutralizing antibodies [31]. Ilmakunnas et al demon-
strated that HMGB1 was exclusively released from the graft and 
that its levels correlated with postoperative alanine aminotrans-
ferase levels in 20 LT recipients [32]. These studies demonstrated 
that HMGB1 is an essential inducer of organ injury; however, its 
precise function in ACR is poorly understood. Here, we investigat-
ed the relationship between HMGB1 levels and ACR in LT recip-
ients. We found that HMGB1 levels were higher in LT recipients 
with ACR and high HMGB1 levels were related to an increased 
incidence of ACR. Moreover, univariate and multivariate analy-
ses indicated that high HMGB1 levels were correlated with poor 
prognosis. Thus, our study suggested that HMGB1 in the recipi-
ent liver is a predictive biomarker of ACR and prognosis after LT.

However, there are some limitations to this study. First, the 
data were retrospectively acquired. Second, the immune inter-
actions of the recipient and the donor liver lead to ACR; how-
ever, we examined only recipient HMGB1 levels, ignored the 
level of HMGB1 in the patients’ serum, and the effect of donor 
HMGB1 levels remains unclear. Third, we failed to include some 
important information indicators in our study that can impact 
the prognosis of liver transplantation, such as donor-specific 
antibodies, trough level of immunosuppressive drugs, postop-
erative infection, and bacteremia. Finally, there was an insuffi-
cient number of enrolled samples, which may have caused some 
inconsistent results. For example, ABO incompatibility was not 
verified as an independent risk factor for rejection or prognosis.

Conclusions

The results of this study provide a strong theoretical basis for 
verifying whether HMGB1 expression level in LT recipients can 
be a useful noninvasive biomarker for predicting rejection and 
prognosis after LT in prospective trials.
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Figure 2.  Survival of recipients with high or low high-mobility 
group box 1 (HMGB1) levels. The Kaplan-Meier 
method was used to analyze overall survival, and 
survival differences were examined by the log-rank 
test.

Variables B S.E. Wald df Sig. Exp(B)

Sex (Female vs Male) -2.020 0.597 13.59 1 0.000 0.111

Age, years (>50 vs £50) 0.420 0.630 0.444 1 0.505 1.521

Donor age (>40 vs £40) 0.362 0.559 0.401 1 0.656 1.378

MELD scores (£22 vs >22) 0.026 0.727 0.001 1 0.972 1.026

Child-Pugh status (Child C vs Child A and B) -1.476 0.849 3.019 1 0.082 0.229

HMGB1 expression (high vs low) 1.189 0.679 3.067 1 0.008 3.283

Table 3. Multivariate analyses of overall survival in all recipient populations.

HMGB1 – high-mobility group box 1; MELD – model for end-stage liver disease.
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