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Abstract 

Introduction. One of the urgent tasks in modern transplantology is the 

search of biomarkers for predicting and early diagnosis of graft 

dysfunction. 

Objective. The study objective was to determine the biomarkers of graft 

dysfunction. 

Material and methods. We have examined 19 recipients who underwent 

liver transplantation and 36 healthy blood donors. Levels of 7 serum 

cytokines were measured by multiparametric fluorescence analysis with 

magnetic microspheres (xMAP technology, Luminex 200, USA). 

Statistical analysis was carried out by methods of nonparametric 

statistics. To determine the predictive value of the test, a ROC-analysis 

was performed. 

Results and discussion. We found that the interleukin-8 level was 3.6 

times higher in recipients with graft dysfunction compared to those who 

had an uneventful postoperative course. The diagnostic sensitivity of the 
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test was 75%, the specificity was 91%, and negative predictive value was 

84.6.  

Conclusion. Serum interleukin-8 measurement provides a biomarker for 

early predicting a post-transplant graft dysfunction development. 
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Introduction 

Liver transplantation is a commonly accepted radical treatment for 

patients with end-stage chronic liver disease and hepatocellular cancer. 

Thanks to the recent advances in surgery, immunosuppression, and 

conservative therapy, the achievement of good short-term results in 

recipient survival after transplantation has become possible [1, 2]. 

However, despite this, in technical terms, the operation remains a 

complex surgical intervention with a high risk of developing minimum a 

single complication. The causes of their occurrence are diverse. The most 

common are the biliary tract complications, such as bile leakage, bile duct 

strictures (5-30%), the infectious, bacterial, viral, fungal complications, 

and mixed infections (18-28%), arterial complications, such as 

thrombosis, hepatic artery stenosis (3.8%), and a graft dysfunction (8-

24%) [3, 4]. Therefore, timely detection and prevention of complications 

in the postoperative period remains an urgent problem in transplantation. 

One of the ways to solve this problem is primarily to predict the 

development of a graft dysfunction. Previously proposed predictive 

models UCLA-FRS (University of California Los Angeles-Futility Risk 

Score), SOFT (Survival Outcomes Following Liver Transplantation), 

DRI (Donor Risk Index), BAR (Balance of Risk) have not been widely 

used in liver transplantation, as being based on a large list of donor and 

recipient parameters thus creating technical difficulties [5, 6]. In view of 

this, the search for laboratory biomarkers for predicting postoperative 

complications and functional disorders of the transplanted organ 

continues. A. Perrakis et al. suggested using blood procalcitonin level as a 

marker of complications and a prognostic factor of mortality in the post-

transplant setting, but its use was limited, since that parameter naturally 

predicted only the dysfunction that occurred due to bacterial and fungal 

infections [3, 7]. 



  

In the recent years, experts have suggested the potential role of 

interleukins (IL) and growth factors in the development of post-transplant 

complications [8-10]. An attempt was made to predict the development of 

a liver graft dysfunction based on the measurements of certain cytokine 

levels (IL-2, IL-4, IL-6, IL-8, IL-10, IL-12) [11-13]. However, such 

predictive methods are still under development.  

Thus, the search for predictors of liver graft dysfunction remains 

relevant. This determined the objective of our study. 

 

Material and methods 

A prospective case-control study included 19 patients who 

underwent orthotopic liver transplantation at Sverdlovsk Regional 

Clinical Hospital № 1, Yekaterinburg. Criteria for inclusion in the study 

were the following: age over 18 years, primary liver transplantation, 

MELD (Model of the End Stage Liver Disease) score under 30. 

Depending on the outcome, all recipients were allocated in two groups: 

those with an uneventful postoperative course (group I; n=11), and those 

with complications that led to a graft dysfunction (group II; n=8). The 

liver graft dysfunction was assessed according to the criteria previously 

proposed by K. Laidler et al.: the blood bilirubin level of no lower than 

10 mg/mL, the international normalized ratio of at least 1.6, blood 

transaminase levels (alanine aminotransferase, aspartate 

aminotransferase) of no lower than 1500 IU/L [14]. The control group 

consisted of 36 conditionally healthy blood donors, comparable in gender 

and age to the study group patients. 

At the second scheduled follow-up visit at 3 months after 

orthotopic liver transplantation, blood samples were сollected from the 

ulnar vein of recipients to study the levels of serum cytokines. The levels  

of IL-6, IL-15, receptor antagonist IL-1RA, IL-8, placental growth factor 



  

(PIGF), platelet-derived growth factor (PDGF-BB), and vascular 

endothelial growth factor (VEGF-A) were measured by multiplex 

fluorescence-based assay with magnetic microsphere beads (xMAP 

technology, Luminex 200, USA) using a detection and quantification 

systems Procarta Plex Human Cytokine /Chemokine/ and Procarta Plex 

Simplex Human Growth Factor (Invitrogen, USA) according to the 

manufacturer's specification. The biological sample was combined and 

incubated in a 96-well plate with a mixture of specially prepared 

magnetic microsphere beads internally dyed with precise proportions of 

red and infrared fluorophores. Varying color and intensity of fluorescence 

in the beads creates hundreds of different fluorescent profiles that can be 

individually examined and classified in a single sample. After adding a 

mixture of detecting antibodies specific to the cytokines under study and 

streptavidin-R-phycoerythrin (SA-PE), the resulting suspension was 

analyzed using a Luminex 200 flow chamber. To detect magnetic 

particles, the Luminex instrument contains two lasers: red to detect the 

spectral signature, and green to quantify the amount of SA-PE 

fluorescence, which is proportional to the amount of protein present in the 

sample. The concentration of each cytokine was calculated based on the 

mean fluorescence intensity of the particles. To construct the calibration 

relationship curve, seven consecutive 4-fold dilutions of the calibrator 

were prepared. The results were processed using the xPONENT software 

package. 

For statistical analysis, the studied samples were tested for the 

normality of the distribution across three parameters: indirect, graphical, 

and calculated. The sample was found not keeping to the normal 

distribution, so the parameters of quantitative variables which distribution 

was different from normal are presented by the medians (Me) with 25% 

and 75% quartiles. The nonparametric two-way Mann-Whitney test was 



  

used to identify the differences in quantitative characteristics between 

groups. The relationship between variables was assessed using 

Spearman's rank correlation coefficient. A Receiver Operator 

Characteristic analysis (ROC-analysis) was also performed with the 

calculation of diagnostic sensitivity (DSens), specificity (DSpec), and the 

Area Under the Curve (AUC) (0.9–1.0 being excellent, 0.8–0.9 very 

good, 0.7–0.8 good, 0.6–0.7 satisfactory). An additional criterion, a 

negative predictive value was used. The results were processed using 

Statistica 10.0 software (Dell (Stat Soft), USA). 

 

Results 

Statistical analysis of differences in the blood levels of 7 cytokines 

between healthy volunteers and liver recipients was performed (Table). In 

the group of patients with an uneventful post-transplant course, the levels 

of IL-1RA, PDGF-BB, PIGF, VEGF-A were lower than in the control 

group by 7.6, 2, 216.1, 9.7 times, respectively, those differences being 

statistically significant. The levels of IL-15 and IL-6 were 0.4 and 10.4 

times higher, respectively, versus the control group. With the graft 

dysfunction development, the levels of cytokines IL-1RA, PDGF-BB, 

PIGF, and VEGF were also significantly lower: by 7.6, 1.9, 3.6, 4.8 

times; and a statistically significant increase in the levels was observed 

not only for IL-15, IL-6, but also for IL-8 by 0.4, 10.4, 3.6 times versus 

controls.  

 

 

 

 

 



  

Table. Blood serum cytokine concentrations (pg/mL) in liver 

recipients  

Notes: 

р1 - statistical significance of differences between the control group and the group 
of patients with an uneventful postoperative course 

р2 - statistical significance of differences between the control group and the group 
of recipients with graft dysfunction 

р3 - statistical significance of differences between the group of recipients with 
graft dysfunction and the group of patients with an uneventful  postoperative course 

 

Since the study conduct was ultimately aimed at preventing 

complications, our attention was focused on their potential predictors. 

Based on the study results presented in the Table, IL-8 can claim such a 

role. This hypothesis is based on the fact that this parameter was 3.6 

times higher in recipients with graft dysfunction than in patients with an 

uneventful postoperative course and in the controls (Mann-Whitney; 

p<0.01, statistically significant). 

The diagnostic significance of IL-8 levels in the blood of recipients 

after transplantation was assessed using ROC-analysis, which resulted in 

calculation of the test sensitivity as equal 75%, the test specificity as 

equal 91%. Meantime, the area under the ROC-curve was 0.87, which, in 

Parameters 

Control 
group 

Ме 
(25%;75%) 

Group I 
Ме 

(25%;75%) 

Group II 
Ме 

(25%;75%) 
р1 р2 р3 

PDGF-BB 552.0 
(457.0;1753.6) 

270 
(242.0;317.4) 

280 
(196.6;346.1) p<0.05 p<0.05 p>0.05 

PIGF 363.2 
(290.9;481.5) 

1.68 
(1.62;249.8) 98.7 (1.6;273) p<0.05 p<0.05 p>0.05 

VEGF-A 990.5 
(807.4;1505.8) 

101.9 
(54.5;295.8) 

205.9 
(158.2;251.4) p<0.05 p<0.05 p>0.05 

IL-6 0 (0;0) 10.47 
(5.2;10.47) 

10.47 
(7.86;10.47) p<0.05 p<0.05 p>0.05 

IL-15 1.5 (0;5.3) 3.54 
(3.54;3.54) 3.5 (2.6;3.5) p>0.05 p>0.05 p>0.05 

IL-1RA 326.1 (0;502.2) 42.7 
(0.05;42.7) 

42.7 
(32.0;73.8) p<0.01 p>0.05 p>0.05 

IL-8 0 (0;3.6) 0 (0;0.09) 3.6 (1.3;19.3) p>0.05 p<0.05 p<0.01 



  

accordance with the expert scale for AUC values, indicates a very good 

quality of the model. Probably, if the test result is negative, there will be 

no signs of graft dysfunction. 

 
Figure. Diagnostic characteristics of the model for predicting 

liver graft dysfunction 

 

Discussion 

The results obtained indicate that all patients after liver 

transplantation have an imbalance of pro- and anti-inflammatory 

cytokines, which is partly consistent with the data of a number of 

investigators [15-18]. Meanwhile, statistically significant differences 

between the groups of patients with an uneventful postoperative course 

versus those with the graft dysfunction were found only in the IL-8 level. 



  

It is known that IL-8 is one of the main proinflammatory 

chemokines, which is synthesized mainly by monocytes and macrophages 

[19]. However, it has recently been established that hepatocytes and 

Kupffer cells are the main sources of IL-8 in chronic liver diseases [20, 

21]. So, in the group of patients with the graft dysfunction, the 

intrahepatic IL-8 synthesis provokes migration of activated neutrophils, 

leukocytes, and macrophages into the liver [20]. As a result, local 

inflammation occurs, which initiates liver fibrogenesis. IL-8 is also 

involved in the formation of a profibrogenic microenvironment due to the 

activation of collagen-producing liver stellate cells [20]. Moreover, this 

cytokine triggers trans-differentiation of mature hepatocytes into 

cholangiocytes by activating the Notch signaling pathway, thereby 

reducing the number of functioning hepatocytes in the liver [21]. 

Given the proinflammatory function of this cytokine, in 2017 and 

2018 a number of multicenter randomized trials of the drug Reparixin (a 

non-competitive allosteric blocker of CXCL8 receptor) were conducted, 

which confirmed this drug efficacy in preventing the development of 

early graft dysfunction by reducing the IL-8 activity, and as a result, 

blocking a number of activities related to the recruitment of leukocytes 

[22]. 

All the above suggests the interrelation of pathophysiological 

processes in graft dysfunction development with pleiotropic effects of IL-

8. Using this parameter as a tool for predicting/early diagnosing this 

complication will allow stratifying recipients with regard to their post-

transplant course, timely correcting patient's condition, and administering 

an appropriate treatment. 

This study has a number of limitations associated with a small 

sample size, the need to measure the level of serum cytokines in the 

period before orthotopic transplantation and before the clinical 



  

manifestations arise. However, the results we have obtained can become 

the basis for further studies, indicating the potential of using the blood IL-

8 level measurement in clinical practice as a predictor of graft 

dysfunction. 

 

Conclusions 

1. The imbalance of cytokines in the post-transplantation period 

has been revealed. The most significant was the increase in the blood 

level of interleukin-8, which was 3.6 times higher in the group with graft 

dysfunction than in the group with a favorable outcome. 

2. Based on the ROC-analysis, fairly high values of diagnostic 

sensitivity of 75%, diagnostic specificity of 91%, and negative predictive 

value of this parameter were established. This indicates the potential of its 

use in clinical practice as a predictor of graft dysfunction. 
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