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ABSTRACT 

Objective: Liver transplantation using a living donor (LDLT) is currently the most popular method 

used in the worldwide. Appropriate biomarkers that predict graft status should be used to detect 

early post-transplant complications that may lead to a rejection reaction.  

Material and Method:  The study involved a total of 44 liver recipients and 44 liver donors, from 

whom preoperative blood samples were taken and immunoassay and spectrophotometric studies 

were carried out. The levels of serum neopterin, interferon-gamma (IFN- y), indoleamine-2,3 

dioxygenase (IDO), and -glutathione S transferase (a-GST) were assessed using an enzyme-linked 

immunosorbent test. The activity of glutathione reductase (GR) and glucose-6-phosphate 
dehydrogenase (G6PD) in erythrocytes was measured using spectrophotometry. 

Result and Discussion: “Neopterin, IDO, and G6PD levels were significantly higher in the 

recipient group than in the donor group. The differences in gender and blood groups were 

statistically insignificant. The rejection reaction developed in 25% of patients and none survived. 

These findings may facilitate the identification of novel predictive biomarkers for the diagnosis of 
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acute rejection reactions after LDLT. The clinical use of novel non-invasive biomarkers may provide 

time and cost advantages. 

Keywords: α-GST liver transplantation, G6PD, IFN-γ, indoleamine-2,3-dioxygenase 

ÖZ 

Amaç: Canlı donör karaciğer nakli (CDKN) şu anda dünya çapında en yaygın karaciğer nakli 
yaklaşımıdır. Rejeksiyon reaksiyonuna yol açabilecek erken nakil sonrası komplikasyonları tespit 

etmek için greft durumunu öngören uygun biyobelirteçler kullanılmalıdır. 

Gereç ve Yöntem: Çalışmaya toplam 44 karaciğer alıcısı ve 44 karaciğer donörü dahil edildi, 

bunlardan ameliyat öncesi kan örnekleri toplandı, immünoassay ve spektrofotometrik analizler 

yapıldı. Serum neopterin, interferon gama (IFN-y), indolamin-2,3-dioksijenaz (IDO) ve alfa- 

Glutatyon S- transferaz (a-GST) seviyeleri, enzime bağlı bir immünosorbent deneyi kullanılarak 

ölçüldü. Eritrositlerdeki glutatyon redüktaz (GR) ve glukoz-6-fosfat dehidrogenaz (G6PD) aktivitesi 

spektrofotometri ile ölçüldü.  

Sonuç ve Tartışma: Neopterin, IDO ve G6PD düzeyleri alıcı grupta donör grubuna göre anlamlı 

olarak yüksekti. Cinsiyet ve kan gruplarındaki farklılıklar istatistiksel olarak anlamsızdı. Hastaların 

%25’inde reddetme reaksiyonu gelişti ve hiçbiri hayatta kalmadı. Bu bulgular, CDKN sonrası akut 
rejeksiyon reaksiyonlarının teşhisi için yeni prediktif biyobelirteçlerin tanımlanmasını 

kolaylaştırabilir. Yeni invaziv olmayan biyobelirteçlerin klinik kullanımı, zaman ve maliyet 

avantajları sağlayabilir. 

Anahtar Kelimeler: α-GST karaciğer nakli, G6PD, IFN-γ, indolamin-2,3-dioksijenaz 

INTRODUCTION 

Liver transplantation (LT) is currently the just treatment method recommended for patients with 

developed liver disease, which is life-threatening and cannot be treated by other methods. Patients may 

develop post-transplant complications associated with immunosuppressive therapy, such as rejection, 

infection, hypertension, and malignancy [1]. Liver transplantation involves the replacement of diseased 
liver tissue with a portion of liver tissue with normal functions harvested from a brain-dead or healthy 

living person. One of the most common complications after liver transplantation is acute rejection, the 

most common form of which is cell-mediated rejection, which occurs through the recognition of 
recipient T lymphocytes and the presentation to donor alloantigens by antigen-presenting cells. Acute 

rejection must be identified as soon as feasible in order to use an effective anti-rejection treatment and 

to retain the graft's functionality and integrity [2,3]. Liver transplant process can be assessmented by 
biochemical tests, such as total bilirubin, alanine aminotransferase (ALT), aspartate aminotransferase 

(AST), γ-glutamyl transpeptidase (γ-GTP), alkaline phosphatase (ALP), leukocytosis and eosinophilia, 

although usual laboratory tests are non-specific and are unsuitable for the effective and timely diagnosis 

of acute rejection. Liver biopsy, an invasive procedure, can be performed in the event of suspected acute 
rejection, although the procedure is associated with severe complications. Non-invasive biomarkers 

include cytokines in saliva, urine, peripheral blood, or other body fluids, or cell surface proteins of 

various immune cells. As the assessment of such diagnostic biomarkers is not invasive, they have been 
investigated by researchers for many years as a possible replacement for liver biopsy [4,5]. 

Neopterin is a chemical of the pyteridine group that is activated by interferon-gamma (IFN-γ), 

which is made by monocytes, macrophages, dendritic cells, and endothelial cells and released by 
functional protected T cells. It's been employed as a marker to evaluate cellular consumption [6,7]. 

Indoleamine 2,3 dioxygenase (IDO) is a cytosolic, heme-containing enzyme involved in the first step of 

tryptophan catabolism, and has been associated with multiple pathophysiological conditions, including 

autoimmune disorders, fetomaternal tolerance, cancer, and infectious diseases. It inhibits the 
proliferation of both T lymphocytes and pathogens by exhausting tryptophan, an essential amino acid, 

and is expressed by antigen-presenting cells induced by proinflammatory cytokines such as interferon-

γ, and its main function is immunosuppressive activity. Interferon-gamma is a cytokine with antiviral, 
antitumor and immunomodulatory effects, which is crucial for regulations of both congenital and 

adaptive immune responses [6-9]. 
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IFN-γ is also the strongest inducer of IDO [8,9]. Due to its lower molecular weight and shorter 

half-life, -glutathione S transferase (α-GST) is a more sensitive biomarker of liver function than common 
liver tests AST and ALT. α-GST levels were found to be fairly high in patients with acute liver failure 

and significantly greater in liver transplant recipients who experienced moderate to severe rejection 

compared to those who did not [10,11]. Glutathione reductase (GR) the main enzyme of the glutathione 

metabolism converts oxidized glutathione (GSSG), a product of the reactions catalyzed by glutathione 
S-transferase and glutathione peroxidase to reduced glutathione (GSH). It has an antioxidant effect and 

is a highly specific marker of liver injury [12,13]. Glucose-6-phosphate dehydrogenase (G6PD) is an 

enzyme that is critical to glucose metabolism and that protects red blood cells from oxidative stress. 
Nevertheless, researchers define G6PD as a contraindication for liver donation [14].  

This study's objective is to contrast numerous protein biomarkers with normal biochemical tests 

in order to assess their effectiveness as indicators of acute rejection in living donor liver transplants. 

MATERIAL AND METHOD 

Participants 

This prospective cross-sectional study was conducted by the Turgut Özal Medical Center Liver 
Transplant Institute between January 2018 and January 2020 (Figure 1). The study groups included 44 

liver tissue recipients admitted to the transplant institute and 44 tissue donors who donated tissue for 

these patients. Patients in the liver tissue recipient group were 30 male and 14 female, whereas those in 

the liver tissue donor group were 27 male and 17 females. The ethics committee of İnönü University 
Malatya gave its approval for the study, which was carried out in compliance with the Declaration of 

Helsinki's tenets (Approval No: 2018/144). All participants gave their official approval for the use of 

their medical data for research. Peripheral venous blood samples from each participant in the trial were 
taken and put in typical biochemistry tubes for evaluation. The separated sera were put in tubes and kept 

at -80°C until analysis after the blood samples were centrifuged at 3,500 rpm for 15 minutes at room 

temperature. The evaluated parameters included neopterin, IFN-γ, IDO, G6PD, GR, a model for end-
stage liver disease (MELD) score, total bilirubin, direct bilirubin, hemoglobin, white blood cells 

(WBCs), platelets, C-reactive protein (CRP), international normalized ratio (INR), creatinine, albumin, 

sodium, recipient’s age, gender and blood group, rejection rate, operation outcome, donor’s age, gender 

and blood group, diagnosis, and serum levels of ALT, AST, gamma-glutamyl transferase (GGT), ALP 
and α-GST. 

  

Figure 1. Participant flow diagram 

Measurement of Glucose 6-phosphate Dehydrogenase Activity in Erythrocytes  

The Beutler method, which relies on the reduction of NADP+ by G6PD in the presence of glucose 

6-phosphate, was used to quantify the activity of G6PD in a spectrophotometer at 37°C. The rate of 
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NADPH synthesis, which is dependent on G6PD activity, was calculated using the rise in absorbance at 

340 nm [15].  

Measurement of Glutathione Reductase Activity in Erythrocytes  

Glutathione reductase activity was measured based on the principle of maximum absorbance of 

reacting NADPH at 340 nm. The reaction catalyzed by GR results in a decrease in NADPH, and this 

decrease was monitored spectrophotometrically at 340 nm to determine the enzyme activity [16]. 

Measurement of Serum Neopterin, IFN-γ, IDO, and α-GST Levels  

The serum concentrations of neopterin, IFN-γ, IDO, and α-GST were measured using commercial 

enzyme-linked immunosorbent assay kits (E3155Hu, ELH-IFNg-1, E0796Hu, and EK1625; Bioassay 
Technology Laboratory, Ltd.). Serum neopterin, IFN-γ, IDO, and α-GST test measurement ranges were 

0.1-38.0 nmol/l, 15-15000 pg/ml, 0.3-90 ng/ml, and 156-10000 pg/ml, respectively. The intra- and inter-

assay accuracy coefficients of variation for all ELISA kits were less than 10% and less than 8%, 

respectively. 

Clinical Significance 

In the current study, we investigate the non-invasive diagnostic biomarkers for allograft rejection 

in liver transplant recipients and evaluate the accuracy of these biomarkers in predicting acute rejection 
by contrasting them with standard biochemical assays used in clinical practice. This is the first study 

that, to the best of our knowledge, compares the effectiveness of novel protein biomarkers with the 

outcomes of standard tests. The study's prospective cohort design is another asset. The recipients' serum 
concentrations of neopterin, IDO, and G6PD were found to be significantly elevated. The creation of 

novel LDLT diagnostic biomarkers might be made simpler as a result of our findings. 

Statistical Analysis 

According to power calculations, each group would require at least 21 participants if the biggest 
neopterin difference between them was 1.4 nmol/l (standard deviation, 0.7 nmol/l), the type I error was 

0.05, and the type II error was 0.20. The median (interval) or mean SD is used to present data. The 

Shapiro-Wilk test was utilized to assess the data's normality. The analysis made use of the independent 
two-sample t test, Mann-Whitney U test, Pearson 2 test, Yates corrected 2 test, and Fisher exact 2 test 

where needed. In order to assess the diagnostic performance and the best cutoff values for the variables 

of interest, a receiver operating characteristic (ROC) curve analysis was carried out. The Biostatistics 
Department of Inonu University created the web-based DTROC program. The web-based DTROC 

application, developed by the Biostatistics and Medical Informatics Department of İnonu University 

Faculty of Medicine, was utilized for the ROC analysis. The correlations between the variables were 

assessed using the Spearman rank correlation coefficient of 11. P values under 0.05 were regarded as 
significant. The analyses were done using SPSS version 25 (IBM Corp., Armonk, NY, USA). To 

calculate odds ratios (ORs), multivariate logistic regression analysis was used. 

RESULT AND DISCUSSION  

The 44 individuals in the control group had an average age of 32.82 + 8.12 years. Males made up 

the majority of the contributors. An assessment of blood-type distribution revealed that O(+) was the 

most common, followed by A(+) in the control group (Table 1). The patient group's 44 participants had 
a mean age that was higher than that of the control group (46.55 18.82 years). Most tissue recipients 

were male, similar to the donor group. An assessment of blood-type distribution revealed A(+) to be the 

most common, followed by O(+) in the patient group (Table 2). 
The difference between the two groups median ages was statistically significant (p<0.001). While 

CRP levels were greater in the donor group (p=0.005), levels of neopterin, direct bilirubin, AST, ALT, 

GGT, and total bilirubin were also considerably higher in the patient group (p<0.001 for all). 

Additionally, the donor groups showed significantly higher IDO and G6PD activity (p=0.028 for both). 
Both study groups' GR activity was comparable (p=0.006). The patient group's hemoglobin, platelet, 
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and albumin levels were all lower than those of the control group (p<0.001, for all three). Differences 

in blood type and gender had no impact on the variables under investigation (Table 3). The predictive 
significance of biomarkers for liver transplants is demonstrated by ROC analysis (Table 4). 

Table 1. Demographic and clinical characteristics of the control group 

Characteristics Liver tissue donors (control group, n=44) 

Age, years 32 (21-50) 

Gender 
Female 17 (38.6) 

Male 27 (61.4) 

Blood group 

O (+) 19 (43.2) 

A (+) 16 (36.4) 

B (+) 8 (18.2) 

AB (+) 1 (2.3) 

Values are given as median (minimum-maximum), and number (percentage). 

Table 2. Demographic and clinical characteristics of the study group 

Characteristics Liver tissue recipient (study group, n=44) 

Age, years 50.0 (3.0-72.0) 

Gender 
Female 14 (31.8) 

Male 30 (68.2) 

Blood group 

O (+) 12 (27.3) 

A (+) 22 (50.0) 

B (+) 8 (18.2) 

AB (+) 2 (4.5) 

MELD score 23.02±5.08 

Diagnosis 

Hepatitis 14 (31.8) 

Cirrhosis 14 (31.8) 

Liver failure 16 (36.4) 

Rejection 
Positive 11 (25) 

Negative 33 (75) 

Operation result 
Live 33 (75) 

Death 11 (25) 

Values are given as median (minimum-maximum), mean ± SD, and number (percentage) 

Table 3. Comparison of patient characteristics, and protein biomarker levels in the control and study 

groups (n=88) 

  Group P-valuea 

Liver tissue donors 

(control group, n=44) 

Liver tissue recipients 

(study group, n=44) 

Median (Min-Max) Median (Min-Max) 

Age (year) 32 (21-50) 50 (3-72) <0.001 

Total Bilirubin (mg/dl) 1.45 (0.42-3.6) 5.45 (1.57-18.07) <0.001 

Direct Bilirubin (mg/dl) 0.59 (0.15-1.83) 2.6 (0.77-11.32) <0.001 

INR 1.05 (0.85-2.08) 1.95 (1.05-9.86) <0.001 

Creatinine (mg/dl) 0.8 (0.5-1.23) 0.83 (0.39-2.05) 0.646 

AST (U/L)  170 (14-392) 461.5 (41-3133) <0.001 

ALT (U/L)  188 (15-522) 370 (28-2434) <0.001 

GGT (U/L)  20 (6-76) 54.5 (15-837) <0.001 
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Table 3 (continue). Comparison of patient characteristics, and protein biomarker levels in the control 

and study groups (n=88) 

  Group P-valuea 

Liver tissue donors 

(control group, n=44) 

Liver tissue recipients 

(study group, n=44) 

Median (Min-Max) Median (Min-Max) 

ALP (U/L)  61.5 (30-200) 70 (25-655) 0.317 

Hemoglobin (g/dl) 13.9 (10-18.6) 10.55 (5.2-18.1) <0.001 

WBC (/L) 19.3 (6.97-30.2) 16 (3.13-65.9) 0.185 

Platelets (/L) 244.5 (14-425) 113 (25-1294) <0.001 

CRP (mg/l) 0.32 (0.3-6.35) 0.53 (0.3-6.82) 0.005 

α-GST (μg/l) 0.22 (0.13-2.99) 0.19 (0.05-2.89) 0.324 

Neopterin (nmol/l) 0.36 (0.27-2.91) 3.14 (0.31-8654) <0.001 

IFN-γ (pg/ml) 0.12 (0.02-2.81) 0.16 (0.02-2.78) 0.126 

IDO (ng/ml) 0.4 (0.17-1.76) 0.47 (0.05-1231) 0.028 

G6PD (units/g/Hgb) 0.02 (0.02-0.03) 0.03 (0.02-0.03) 0.028 

GR (EU/ml) 0.05 (0.04-0.06) 0.05 (0.04-0.05) 0.006 

 Mean ± SD Mean ± SD  

Sodium (mEq/l) 136.77±1.93 135.80±3.27 0.058 

Albumin (g/dl) 3.32±0.42 2.41±0.65 <0.001 

 Number (Percent) Number (Percent)  

Gender Male 17 (38.6) 14 (31.8) 0.656 

 Female 27 (61.4) 30 (68.2) 

Blood group O (+) 19 (43.2) 12 (27.3) 0.414 

 A (+) 16 (36.4) 22 (50.0) 

 B (+) 8 (18.2) 8 (18.2) 

 AB (+) 1 (2.3) 2 (4.5) 

ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; CRP, C-reactive protein; G6PD, 
glucose-6-phosphate dehydrogenase; GGT, gamma-glutamyl transferase; GR, glutathione reductase; GST, glutathione-S-

transferase; IDO, indoleamine 2,3-dioxygenase; IFN-γ, interferon-gamma; INR, international normalized ratio; WBC, white 
blood cells. aValues are given as median (minimum-maximum), mean ± SD, or number (percentage). a: Bold values show P 
<0.05 

Table 4. ROC analysis shows the predictive value of biomarkers for liver transplants 

Variables Cutoff Sensitivity Specificity LR+ LR− PPV NPV AUC (95% CI) P valuea 

Age (year) 39.5 
72.7  
(0.56-0.84) 

79.5  
(0.30-0.93) 

3.56 0.34 78.0 74.5 
0.79  
(0.68-0.89) 

<0.001 

Total 

bilirubin 

(mg/dl) 

2.77 
0.95  
(0.84-1.00) 

0.89  
(0.51-0.98) 

8.40 0.051 89.4 95.1 
0.98  
(0.95-1.00) 

<0.001 

Direct 

bilirubin 

(mg/dl) 

1.19 
0.93  
(0.73-1.00) 

0.98  
(0.85-1.00) 

41.00 0.070 97.6 93.5 
0.98  
(0.97-1.00) 

<0.001 

INR  1.28 
0.91  
(0.78-0.98) 

0.91  
(0.78-0.98) 

10.00 0.10 90.9 90.9 
0.96  
(0.90-0.99) 

<0.001 

Sodium 

(mEq/l) 
134.5 

0.37  

(0.23-0.52) 

0.89  

(0.75-0.96) 
3.20 0.72 76.2 58.2 

0.62  

(0.51-0.72) 
0.058 

Creatinine 

(mg/dl) 
0.95 

0.30  
(0.17-0.45) 

0.84  
(0.70-0.93) 

1.86 0.84 65.0 54.4 
0.53  
(0.41-0.65) 

0.652 

AST (U/L)  289.5 
0.80  
(0.65-0.90) 

0.93  
(0.81-0.99) 

11.33 0.24 91.9 80.4 
0.88  
(0.79-0.94) 

<0.001 

ALT (U/L)  250.0 
0.82  

(0.67-0.92) 

0.77  

(0.62-0.88) 
3.60 0.24 78.3 81.0 

0.84  

(0.74-0.91) 
<0.001 

GGT (U/L)  41.5 
0.64  
(0.48-0.78) 

0.89  
(0.75-0.96) 

5.60 0.41 84.8 70.9 
0.81  
(0.71-0.89) 

<0.001 
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Table 4 (continue). ROC analysis shows the predictive value of biomarkers for liver transplants 

Variables Cutoff Sensitivity Specificity LR+ LR− PPV NPV AUC (95% CI) P valuea 

ALP (U/L)  77.5 
0.48  
(0.33-0.63) 

0.80  
(0.65-0.90) 

2.33 0.66 
7

0.0 
60.3 

0.56  
(0.45-0.69) 

0.336 

Albumin 

(g/dl) 
2.75 

0.68  
(0.52-0.81) 

0.95  
(0.85-0.99) 

15.00 0.33 93.8 75.0 
0.88  
(0.79-0.94) 

<0.001 

Hemoglobin 

(g/dl) 
11.85 

0.66  
(0.50-0.80) 

0.93  
(0.81-0.99) 

9.67 0.37 90.6 73.2 
0.81  
(0.71-0.88) 

<0.001 

WBC (/L) 14.75 
0.48  
(0.33-0.63) 

0.82  
(0.67-0.92) 

2.63 0.64 72.4 61.0 
0.58  
(0.47-0.69) 

0.197 

Platelets (/L) 185.0 
0.84  
(0.70-0.93) 

0.91  
(0.78-0.97) 

9.25 0.18 90.2 85.1 
0.85  
(0.76-0.92) 

<0.001 

CRP (mg/l) 0.372 
0.61  
(0.45-0.76) 

0.68 
(0.52-0.81) 

1.93 0.57 65.9 63.8 0.67 (0.56-0.77) 0.003 

AUC, area under the curve; ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; CRP, 
C-reactive protein; GGT, gamma-glutamyl transferase; INR, international normalized ratio; LR−, negative likelihood ratio; 

LR+, positive likelihood result; NPV, negative predictive value; PPV, positive predictive value; WBC, white blood cells. a: 
Bold values show P < 0.05 

Following LT, the recipient's liver receives the donor's intrinsic bilirubin metabolism, which 
includes heme oxygenation and bilirubin glucuronidation [17]. In the present study, both the total 

bilirubin and direct bilirubin levels of the donors were below the cut-off points of 2.77 mg/dl and 1.19 

mg/dL, respectively. Liver biochemical tests such as GGT, ALT, AST, ALP, and INR are major and 
sensitive predictors of acute rejection episodes. A previous study identified liver activity tests such as 

AST/ALT, GGT, ALT, and AST as sensitive predictors of acute rejection in a group of patients receiving 

liver transplants from living donors, although these enzymes were not associated with the severity of 
acute rejection [18]. Our study found INR, AST, ALT, GGT, and ALP levels in the donors to be below 

the cut-off points. A prevalent ailment among individuals who suffer from liver disease is anemia. 

Despite the high prevalence of anemia among kidney, heart, and lung transplant recipients, little is 

known regarding the occurrence, progression of anemia after LT, and available treatments. Depending 
on the criteria used to define anemia, the reported incidence of anemia following LT ranges from 4.3% 

to 28.2% [19]. In the present study, the hemoglobin levels of the donors were above the cut-off point, 

whereas the hemoglobin levels of the recipients were both below the cut-off point and below the levels 
of the donors. Generally, the cause of anemia is not identified and a multifactorial mechanism has been 

suggested. The most common cause of unexplained anemia may be immune-suppressive medication-

induced bone marrow suppression. Experimental and clinical studies have identified a dual role of 
platelets in liver transplant patients, causing both beneficial and harmful effects. Recent studies have 

shown that, despite the fact that a low platelet count is usually thought to be a risk factor for perioperative 

bleeding, platelet aggregation in patients with cirrhosis may not be as poor as previously thought [20].  

In the current study, thrombocytopenia was found in a few of the recipients, and we discovered that the 
recipient group's platelet count was 53.8% lower than the donor group's, which may be due to 

hemodilution, immune responses, or platelet sequestration in the liver graft after reperfusion. 

Inflammatory markers are crucial for predicting the prognosis of several disorders, such as cirrhosis and 
hepatocellular cancer, as well as the mortality rate following liver transplantation and the effectiveness 

of the procedure. A important indicator of post-transplant mortality is CRP, which is assessed prior to 

liver transplantation [21].  In the current investigation, we founded that the receivers' CRP level was 

65.6% greater than the donors. 
Two crucial plasma proteins, albumin and fibrinogen levels, are measured for the monitoring of 

liver function following liver transplantation. Albumin levels were 12.6% below the cut-off limit in the 

current investigation [22]. 

After a significant correlation between neopterin levels and organ rejection following organ 

transplants, such as kidney, liver, heart, and lung, neopterin was regarded as an important marker in 

organ transplant patients [23]. A study involving kidney transplant patients found neopterin levels to be 
elevated in patients with irreversible organ rejection and reached such high levels as 500–1000 nmol/l 
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in six patients [24]. Another study investigated serum neopterin levels in heart transplant patients, and 

found low neopterin levels in patients with stable organ functions, while those with organ rejection had 
significantly increased levels of neopterin [25]. Neopterin serum levels were found to be considerably 

higher 10 days after transplantation in patients with bacteremia in a study looking at the relationship 

between postoperative serum neopterin levels and post-transplant septicaemia and death in liver tissue 

recipients [26]. 

In a study, it was discovered that blood IFN- γ levels dramatically increased 3 days after 

transplantation, notably in allograft recipients, and that graft life was also markedly prolonged. It is 

therefore believed that an important link exists between the IFN-γ producing natural killer (NK) cells 
and the innate and adaptive immune response immediately after transplantation. IFN- γ is produced 

immediately after transplantation and its serum levels peak 3 days after transplantation. In the same 

study, host-produced NK cells, and to a much lesser extent, donor NK cells, have been shown to be the 

source of most of the IFN- γ produced in the early post-transplantation period. It has further been shown 
that serum IFN- γ levels are significantly reduced and graft survival is significantly prolonged in the 

absence of NK cells [27]. Karahanova et al. reported that IFN-γ levels could be used as a significant 

parameter in the earliest preoperative period in patients undergoing liver transplantation [28]. The 
control of the immunological response depends on IDO [29]. Recent studies suggest that IDO may have 

a substantial immunomodulatory role in a range of events, including allergies, tumor immunology, 

autoimmunity, HIV infection, and transplant immunity [30].  Serum IDO activity was evaluated 30 days 
after heart transplantation as a part of a study looking into the impact of IDO on rejection. It was 

discovered that individuals with acute rejection had considerably higher IDO activity than patients 

without acute rejection [31].  One group of researchers found that kidney transplant recipients had 

significantly greater IDO levels than the control group [32]. Following renal transplantation, Kaden et 
al. investigated at kynurenine levels in relation to IDO activity and discovered elevated kynurenine 

levels in patients who were experiencing acute rejection [33]. The authors thus concluded these levels 

could serve as a reliable diagnostic tool in the early period. In the present study, a comparison of the 
IDO levels of the liver transplant recipients and the control group revealed higher IDO levels in the 

recipients than in the donors.  

As GSTs are cytosolic enzymes found inside of cells, serum GST levels are a stronger indicator 
of cell damage than protein expression. Due to the short half-life of GST (90 min), variations in GST 

levels are strongly correlated with ongoing liver cell death. Particularly in cases of acute liver failure, 

α-GST is highly elevated. Furthermore, compared to patients who experience mild or no rejection 

following liver transplantation, patients who experience moderate to severe post-LT rejection also have 
considerably higher α-GST levels. As an additional finding, α-GST is a strong correlation with ALT,  

AST, and bilirubin. Despite reports that α -GST is a hallmark of acute cellular rejection and a 

sensitive indicator of liver damage, it has been proposed that α -GST is useless and unspecific as a 
marker for the diagnosis and treatment of tissue rejection [34]. When our study results were evaluated, 

neopterin and IDO levels increased in liver tissue recipients due to the activation of the cellular immune 

system. This immune activation underlying rejection reactions in tissue recipients is expected. Due to 

the stimulation of the manufacture of this enzyme, which shields red blood cells from oxidative stress, 
G6PD levels are higher in tissue recipients compared to donors. As a result, while the cellular immune 

system is activated as a result of liver transplantation, an increase in the level of protective enzymes has 

been observed with a feedback mechanism against liver damage. 
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