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Abstract 

We introduce the following issues of the cytokines secretion during liver transplantation surgery in 
this review article; 1) the aspect of cytokines secretion during liver transplantation surgery, 2) the 
evidences of association of cytokines concentration with post-transplantation graft survival, 3) a 
variety of factors that may influence the secretion of cytokines during liver transplantation, 4) 
pro-inflammatory and anti-inflammatory cytokine balance during the surgery, and 5) the issues of T 
helper 1 and T helper 2, and T helper 17 and regulatory T cell signature cytokines secretion and 
their ratio during liver transplantation surgery. Primary failure of the liver is associated with the 
secondary dysfunction of virtually all other organ systems, including the cardiovascular, pulmonary, 
renal, coagulation and central nervous systems. In addition, liver transplantation surgery itself is a 
major surgical procedure with accompanying life-threatening hemorrhage, massive transfusion, 
clamping and unclamping of great vessels and resulting ischemia–reperfusion injury and 
cardiovascular instability. Both the underlying liver failure and the surgical events act as stressors 
and promote the secretion of various cytokines. So it is clinically important to understand above 
issues regarding the cytokines secretion during liver transplantation surgery. As cytokines secretion 
has clear relationship with post-transplantation clinical outcomes, future study directions for 
artificially manipulating cytokines secretion is also suggested for enhancing outcomes of the patients. 

Key words: cytokine, interleukins, pro-inflammatory, anti-inflammatory, T lymphocytes, helper-inducer, 
Th1-Th2 balance, Th17-Treg balance, liver transplantation  

Introduction 
Not only underlying diseases that require liver 

transplantation surgery, but the liver transplantation 
surgery itself also serves as a significant stressor to the 
human body. It accompanies life-threatening hemorr-
hage, massive transfusion, shifts in body fluids, 
ischemia-reperfusion injury, changes in the utilization 
of oxygen at tissue levels, and the resulting imbalance 
of acid and bases. As mediators inducing stress 
responses, the diverse endocrine systems including 
glucocorticoid hormones and the autonomic nervous 
system centered on sympathetic nerves are 
considered to be major factors. Recent studies also 
speculated the role of immune system including the 
release of cytokines and their interaction 1, 2. 

Previous studies on cytokines secretion related 
to liver transplantation in patients with liver failure 
mostly focused on the types and subtypes of 
cytokines secreted during each stage of surgery 3, the 
serial changes in their concentrations during the 
surgery 4, and their relation to postoperative outcome 
after transplantation 5, 6. Additionally, several studies 
to elucidate the following issues have been done; 
factors influencing the secretion of cytokines during 
liver transplantation 7, 8, pro-inflammatory and 
anti-inflammatory cytokine balance during liver 
transplantation surgery 9, and the changes in the ratio 
of T helper 1 (Th 1) to T helper 2 (Th 2), and T helper 
17 (Th 17) to regulatory T (Treg) cell signature 
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cytokines during liver transplantation surgery with 
tools to change on the levels of Th 1, Th 2, Th17 and 
Treg cell signature cytokines 10. In this review article, 
we aim to introduce these studies regarding cytokines 
secretion during liver transplantation and to suggest 
study directions for better outcomes of the patients. 

What Cytokines are Secreted during Each 
Stage of Liver Transplantation Surgery? 

Cytokines are substances secreted from several 
types of cells, including lymphocytes, monocytes, 
granulocytes, endothelial cells and synovial cells, 
which mediate immune and inflammatory reactions. 
TNF-alpha, IL-1, IL-2, IL-6, and IL-8 are pro- 
inflammatory cytokines that are secreted in response 
to stress reactions, such as sepsis and tissue damage, 
inducing hypotension and high fever as well as 
accelerating the production of acute phase proteins. 
The pro-inflammatory cytokines also enhance 
cell-mediated immunity and chemotaxis of inflamm-
atory cells, and thus they play a role in protecting the 
human body from external stress 11. In contrast, IL-1 
receptor antagonist, IL-4, IL-10, IL-11, and IL-13 are 
anti-inflammatory cytokines that suppress excess 
inflammatory reactions and thus play a role in 
restricting the adverse influence they induce 12. 

Studies on cytokines related to liver transplant-
ation have primarily addressed the fluctuation in the 
concentrations of cytokines during and following 
surgery. Boros et al 5 found that TNF-alpha and IL-1 
did not rise significantly prior to graft perfusion, and 
IL-6 and IL-8 substantially increased along time 
course of the surgery. Santiago et al 3 reported more 
concrete findings that IL-4 showed a peak value 20 
min after reperfusion, IL-10 increased progressively, 
reaching a maximum 1 hr after liver transplantation 
surgery, TNF-alpha reached maximum plasma level 
20 min after reperfusion, and IL-6 was the first 
cytokines involved in the inflammatory response 
during transplantation surgery. Hassan et al 6 reported 
study results that TNF-alpha and IL-4 had almost no 
changes in concentration during liver transplantation 
surgery, while IL-2 and IFN-gamma showed modest 
increase, and IL-6 and IL-1 showed huge increase in 
concentration. Overall, it is a common opinion that 
while TNF-alpha, IL-2, IL-4, and IFN-gamma have 
little or modest increase in concentration during liver 
transplantation surgery, IL-6 and IL-10 show high 
level of changes in concentration during surgery. 
Meanwhile, as a result of tracking the concentration of 
cytokines for 7 days after liver transplantation 
surgery, IL-6 and IL-10 which showed sharp increase 
in concentration during surgery restored to their 
original concentrations 2-3 days after surgery 6. 

Even though cytokines level represents the 
response of immune system due to stress, there are 
several cases where the results are indecisive. The 
reasons are as follows: 1) cytokines concentration in 
healthy state is basically very low so that it is difficult 
to sensitively detect the change in concentration, 2) 
even though cytokines are secreted in immune cells 
due to some stressor, the actual blood concentration 
measured may not be high due to the membrane 
structure that blocks their spread into blood stream, 3) 
since the half-life of cytokines is short in most cases 
(0-20 minutes), the concentration might fluctuate 
depending on the time of blood sampling. 

The Association of Cytokines Secretion 
with the Prognosis after Liver 
Transplantation 

There have been many evidences that the 
amount of cytokines secretion during liver 
transplantation is related with postoperative graft 
prognosis. The immune system secretes cytokines as a 
result of stress response. Therefore, it is reckonable 
that the well-being of a patient including graft 
survival can be influenced by the level of stress and 
the amount of cytokines secretion as a result. This is 
supported by study results on the relation between 
cytokines concentration and bilirubin concentration 
which is directly related to the function of graft liver. 
According to Hassan et al’s study 6, serum bilirubin 
concentration reached its highest level 1-6 hours after 
liver transplantation surgery, at the same time, IL-6 
and IL-10 concentrations also reached their highest 
points. This means that the cytokines secretion was 
the highest when graft function was in its lowest 
point. They also tracked the concentration of IL-6 and 
total bilirubin concentration in liver transplant 
recipients with postoperative complication; bilirubin 
fell to almost normal values but not in cases of 
postoperative complications, where IL-6 showed 
values four times higher than those of liver transplant 
recipients who did not show postoperative complic-
ations. They concluded that IL-6 and IL-10 plasma 
concentrations and serum bilirubin level might be 
useful as a predictive factor for postoperative 
complications in liver transplantation. Other reports 
support the relationship between cytokines 
concentration and graft function. Boros et al 5 stated 
that IL-1, IL-6 and IL-8 levels in first 20 ml of hepatic 
effluent were higher in patients with poor early graft 
function. They also found that the levels of IL-6, IL-8 
and TNF-alpha on postoperative day 1 were higher in 
patients with poor early graft function. Mueller et al 13 
also stated that various cytokines including IL-2 
correlate with graft function, mentioning the 
mechanism that excessive secretion of cytokines 
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promotes graft inflammation and results in a loss of 
graft function. 

There are evidences that organ function other 
than that of liver is also related with cytokines 
concentration level after liver transplantation. Burke 
et al 14 found that following orthotopic liver 
transplantation, IL-6 and TNF-alpha fell to near- 
control levels as renal function improved. 

On the other hand, there are opinions that it is 
too much to predict the outcomes after liver 
transplantation through cytokines secretion. Maring 
et al 15 addressed that monitoring endotoxins and 
cytokines is of very limited value in predicting 
outcome, such as incidence of bacteremia, abdominal 
infection, and rejection. 

Factors Influencing the Concentration of 
Cytokines during Liver Transplantation 

There are various factors that influence the 
secretion of cytokines in end-stage liver failure 
patients in need of liver transplantation surgery, 
which include severity index of liver disease, amount 
of intraoperative transfusion and hemodynamic 
parameters during surgery 4, 5, 16-19. 

Above all, patients with end-stage liver failure 
show different aspects of cytokines secretion 
compared to normal healthy person. According to the 
study of Hong et al 7, preoperative plasma concentra-
tions of IL-6, TNF-alpha and IL-10 in patients with 
liver failure were significantly higher than those in 
healthy subjects (donors), which confirms the 
difference in the degree of stress responses between 
the two groups (Figure 1). It is the result of 

dysfunction of multiple organs, including the liver, 
systemic inflammation and stress responses to them. 
So, by measuring the levels of plasma cytokines, we 
can indirectly determine the degree of systemic 
inflammation and stress responses in a patient with 
liver failure. 

 Studies on factors influencing cytokines 
secretion during liver transplantation surgery have 
been active. Faybik et al 4 conducted a study regarding 
the influence of relief of splanchnic congestion by 
usage of VVP on the secretion of cytokines in 
anhepatic phase and reported that cross clamping 
contributes more to inflammatory cell activation than 
the use of VVP in anhepatic phase. 

There are evidences that the amount of 
transfusion during liver transplantation surgery 
affects cytokines secretion. Lee et al 16 stated that the 
amount of intraoperative transfusion was positively 
related with IL-6 concentration of postoperative day 7 
(r2 = 0.718, P = 0.013). As a result of tracking serial 
changes in the IL-6 concentration, Miki et al 17 stated 
that patients whose operative blood transfusion 
requirement was 10 unit of packed red cell or more 
showed higher IL-1, IL-6 and TNF-alpha 
concentrations after graft reperfusion, and concluded 
that increased blood loss induced increased 
pro-inflammatory cytokines. 

Intraoperative hemodynamic parameters such as 
systemic vascular resistance (SVR) also show 
relevance with cytokines concentration. Arranz et al 18 
described in their study that there was positive 
correlation between the baseline values of IL-6 with 
the SVR, and proclaimed that the baseline values of 

IL-6 may be a prognostic factor for 
hemodynamic performance during liver 
transplantation surgery. Lee et al 19 
reported similar results that there was a 
significant correlation between IL-6 
levels and SVR in cirrhosis. They 
concluded that IL-6 plays a significant 
role to induce vasodilatation. 
Additionally, they found that TNF-alpha 
induces NO, resulting decrease in SVR. 
It is an interesting fact that decrease in 
SVR, which is a distinctive 
hemodynamic characteristic in patients 
with end-stage liver disease, is related to 
cytokines concentration. 

There have been studies on the 
difference in cytokines secretion 
depending on the underlying disease 
that caused hepatic failure. According to 
a study conducted by Koh et al 8, there 
was no difference in the concentration of 
cytokines based on the underlying 

 

 
Figure 1. Comparison of preoperative cytokine concentrations between groups. The box plots 
show the median (line in the middle of the box), interquartile range (box), and 10th and 90th 
percentiles (whiskers). * P < 0.05 versus donor group. [from Ref. 16. Hong SH, Kim JE, Cho ML, Heo 
YJ, Choi JH, Choi JH, Lee J. Comparison of the Child-Turcotte-Pugh classification and the model for 
end-stage liver disease score as predictors of the severity of the systemic inflammatory response in 
patients undergoing living-donor liver transplantation. J Korean Med Sci 2011; 26: 1333-1338.] 
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diseases (viral hepatitis vs. alcoholic hepatitis) that 
induce liver failure (Figure 2). They concluded that 
regardless of the disease that caused liver failure, the 
differences in diseases did not influence the 
concentrations of cytokines. This implies that the 
induction of the inflammatory and stress reactions 
which occurs with viral or alcoholic hepatitis is not 
different. 

On the other hand, the factors that actually affect 
the concentrations of cytokines involved the model 
for end-stage liver disease (MELD) score 8 (Figure 3), 
which is a reliable index associated with the severity 
and prognosis of liver failure patients. The MELD 
score is calculated by applying values to the variables 
in the following formula: (MELD score = 9.57 x 
loge[creatinine mg/dL] + 3.78 x loge[bilirubin mg/dL] 
+ 11.20 x loge[INR] + 0.643) 20. This corresponds with 
the study results of Boros et al 5 that disease severity in 
terms of UNOS classification was associated with 
preoperative concentrations of IL-6 and IL-8. They 
also found out that secretion of IL-6 and IL-8 

increased by 2-4 times in Child-Turcotte-Pugh (CTP) 
classification C group compared to B group. 

There were studies on the concrete factors that 
influence the severity of systemic inflammatory 
reaction in liver failure patients. Cazzaniga et al 21 
demonstrated that the prevalence and in hospital 
outcome of systemic inflammatory response in 
patients with cirrhosis were correlated with high 
serum bilirubin level, high PT-INR, and high serum 
creatinine level, all of which are constituent factors for 
MELD scores. Also, mediators of systemic inflamm-
atory response may exacerbate the neuropsycho-
logical effects of hyperammonemia in cirrhosis 22. 
Additionally, bacterial translocation, the main 
bacterial entry route into the cirrhotic host, 
significantly increased in CTP classification C patients 
(31%), compared with CTP B (8%) and CTP A (3%) 
patients 23. Thus, we can conclude that the systemic 
inflammatory response that occurs in end-stage liver 
disease patients result in a more severe level of 
preoperative CTP classification and MELD score. 

 

 
Figure 2. Comparison of cytokines concentrations between disease groups. The box plots show the median (thick line in the box), interquartile range (box), and 
range (whiskers). All cytokines concentrations are pg/ml in value. T1: after induction of anesthesia, T2: 60 min after the start of anhepatic stage, T3: 60 min after 
reperfusion. There are no differences between disease groups. [from Ref. 17. Koh HJ, Ryu KH, Cho ML, Heo YJ, Lee J. Factors influencing the concentration of 
cytokines during liver transplantation. Transplant Proc 2010; 42: 3617-3619.] 
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Figure 3. Comparison of cytokines concentrations between MELD-based groups. The box plots show the median (thick line in the box), interquartile range (box), 
and range (whiskers). All cytokines concentrations are pg/ml in value. MEDL: model for end-stage liver disease, High MELD≥20, Low MELD<20, Time 1: after 
induction of anesthesia, Time 2: 60 min after the start of anhepatic stage, Time 3: 60 min after reperfusion. *: P<0.05 vs Low MELD. [from Ref. 17. Koh HJ, Ryu KH, 
Cho ML, Heo YJ, Lee J. Factors influencing the concentration of cytokines during liver transplantation. Transplant Proc 2010; 42: 3617-3619.] 

 
Severity index of liver disease, however, does 

not influence the secretion of cytokines throughout 
the whole process of liver transplantation surgery. 
According to study results by Hong et al 7, though the 
presurgical CTP classification and MELD score 
showed a close relationship with the level of cytokines 
at preoperative stage, that relationship tended to 
diminish or disappear as the liver transplantation 
surgery progressed. The main factor determining 
cytokines secretion during liver transplantation 
surgery is not the presurgical CTP classification or 
MELD score, but the surgical stress from extensive 
tissue injury, deterioration of acid-base balance, 
massive bleeding and transfusion, and severe 
hemodynamic instability. These points are supported 
by the research by Miki et al 17 that the larger the 
transfusion volume during surgery, the more 
accelerated the secretion of pro-inflammatory 
cytokines and thus higher the concentrations of 
IL-1beta and IL-6 during surgery. In addition, by the 

research results reported by Lee et al 16, the larger the 
transfusion volume during surgery, the higher the 
concentration of IL-6 on days 1 and 7 after surgery. 

As we have reviewed, there are various factors 
that influence the secretion of cytokines during liver 
transplantation surgery. However, one should keep in 
mind that studies on the factors influencing cytokines 
secretion during liver transplantation surgery 
sometimes may not be simply done. The reasons are 
as follows: 1) it might be hard to evaluate the pure 
influence of stressors on cytokines secretion since the 
secretion of cytokines is also affected by other 
non-specific causes such as various anesthetic agents 
and anesthetic techniques, 2) although cytokines are 
secreted in immune cells due to some stressor, the 
influence of that stressor can be masked due to 
membrane structure blocking its spread to blood 
stream, resulting in low blood concentration when 
actually measured, 3) the reaction modality might not 
be distinctive since the pro-inflammatory cytokines 
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secreted are offset by anti-inflammatory cytokines, 
thus maintaining hemostasis. Therefore, when 
conducting a study on the factors influencing the 
secretion of cytokines, it is important to equalize other 
conditions, such as anesthetic agents and anesthetic 
techniques, that influence the secretion of cytokines, 
as well as to measure the concentration of both pro- 
and anti-inflammatory cytokines to understand the 
secretion modality. 

Pro-inflammatory and Anti-inflammatory 
Cytokine Balance during Liver 
Transplantation Surgery 

In healthy condition, a delicate equilibrium 
between pro- and anti-inflammatory cytokines, and 
thus homeostasis is maintained. However, in stress 
state as trauma, sepsis, and neoplasms, such 
homeostasis is disrupted by excess elevation of pro- 
inflammatory cytokines, which ultimately increase 
the morbidity and mortality rate 24. When excess 
pro-inflammatory cytokines are released during 
stress, anti-inflammatory cytokines are subsequently 
secreted to restore the balance. This process is called 
the phase of early pro-inflammatory and late 
anti-inflammatory cytokines 25-27. 

Koh et al 9 performed a study regarding this issue 
and demonstrated this condition. Their results 
showed that the cytokines released markedly in 
patients with cirrhotic hepatitis during liver 
transplant surgery include IL-6 (a pro-inflammatory 
cytokine whose concentration increased as much as 40 
times compared to its preoperative values at the 
anhepatic stage) and IL-10 (an anti-inflammatory 
cytokine whose concentration was 60 times higher 
than its preoperative value at the neohepatic phase) 
(Table 1). They concluded that interleukin-6 and 
interleukin-10 are early pro- and late 
anti-inflammatory cytokines, respectively, and play a 
major role in cytokine balance during live-donor liver 
transplant surgery. 

 

Table 1. Time Couse of Cytokines Concentrations in Recipient 
Group. 

 Time 1 Time 2 Time 3 P-Value 
IL-1β 8.42 (4.5, 12.3) 9.72 (4.0, 33.7) 7.86 (3.1, 41.3) 0.956 
IL-6 4.48 (2.1, 11.1) 176.35 (51.0, 

458.9) 
135.66 (52.1, 327.3) <0.001 

TNF- α 26.02 (11.2, 47.8) 36.14 (15.4, 65.3) 54.65 (21.3, 67.3) 0.002 
IL-10 2.98 (1.2, 5.7) 95.32 (48.6, 198.2) 184.35 (96.7, 298.8) <0.001 
IL-4 8.16 (0.5, 27.7) 13.85 (3.2, 40.8) 7.83 (1.1, 21.4) 0.687 
Values are median with quartile (25%, 75%). All cytokines concentrations are 
pg/ml in value. Time 1: after induction of anesthesia, Time 2: 60 min after the start 
of anhepatic stage, Time 3: 60 min after reperfusion.  
[from Ref. 26. Koh HJ, Joo J, Cho ML, Her YM, Hwang JE, Lee J. Pro-inflammatory 
and anti-inflammatory cytokine balance in patients with cirrhotic hepatitis during 
live-donor liver transplant. Exp Clin Transplant 2013; 11: 39-43.] 
 

IL-6 and IL-10 are pleiotropic, and they have 
both positive and negative sides on the clinical 
outcome. For IL-6, in addition to its original 
pro-inflammatory effect, it also has broad 
hepatoprotective effects 28, 29. For IL-10, even though it 
can reduce the magnitude of the inflammatory 
response and improve outcomes 26, 30, 31, it also can 
exacerbate T-cell dysfunction, decrease T-cell 
apoptosis, reduce antimicrobial function, and increase 
mortality in bacterial models of sepsis 32. Therefore, 
the consequence of the increased concentration of IL-6 
and IL-10 during surgery should not be limited to 
regulation of the magnitude of the pro- and 
anti-inflammatory response. The clinical implication 
of IL-6 and IL-10 in maintaining cytokine balance 
during liver transplant surgery must be elucidated in 
future studies. 

T Helper 1 and T Helper 2, and T Helper 
17 and regulatory T Cell Signature 
Cytokines Secretion during Liver 
Transplantation Surgery 

T helper cells are initially capable of production 
of many cytokines and are prompted into a more 
restricted and focused pattern of cytokine production 
depending on signals received at stress state. The 
production of a specific type of T helper cell is 
determined by differentiation of precursor helper T 
cells (Th 0) into Th 1 or Th 2 cells. Th 1 cells produce 
IFN-gamma and TNF-alpha, and favor cell-mediated 
immune responses. Th 2 cells produce IL-4 and IL-6, 
and favor humoral immunity in terms of control of 
antibody production 33. It is known that polarization 
of T helper cells toward either a Th 1 or Th 2 can 
significantly influence subsequent immune responses 
and provoke postoperative complications 34. 
Therefore, understanding the features of immunomo-
dulation during liver transplantation surgery is 
important for improving patient outcomes. 

In fact, several researchers have elucidated the 
effect of shifting of the Th 1/Th 2 ratio on clinical 
outcomes. Tan et al 35 showed that probiotics could 
shift the Th 1/Th 2 (IFN-gamma/IL-4) ratio toward 
Th 1 in severe traumatic brain-injured patients who 
had a decreased Th 1/Th 2 ratio, and could result in 
decreased nosocomial infection rates. Decker et al 36 
found that surgery itself decreased the Th 1/Th 2 
ratio, and claimed that the decreased Th 1/Th 2 ratio 
resulted in suppressed cell-mediated immunity after 
surgery. On the contrary, Inada et al 37 reported that 
dexmedetomidine showed antitumor immunity effect 
by decreasing Th 1/Th 2 ratio. Thus, surgeons and 
anesthesiologists should not ignore the potential 
influence of immunomodulation during major 
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surgical procedures on the perioperative outcomes of 
immunity. 

One interesting study to actively modulate T 
helper subset cell signature cytokine was done by 
Chung et al 10. They investigated the effects of 
intravenous magnesium pretreatment on levels of T 
helper cytokines and their ratio at allograft 
reperfusion in patients undergoing living donor liver 
transplantation. When magnesium was administered 
just before the reperfusion of allografts, the 
post-reperfusion concentration of IFN-gamma, a Th 1 
subset cell signature cytokine, was significantly lower 
than that in the control group. On the other hand, the 
post-reperfusion concentration of IL-4 and IL-6, which 
are Th 2 subset cell signature cytokines, were 
significantly higher in the magnesium group than in 
the control group (Figure 4). This suggests that 
magnesium pretreatment shifted the Th 1-to-Th 2 

balance towards Th 2 and thus plays an 
immunomodulatory role after allograft reperfusion. 

The mechanism of magnesium pretreatment on 
immunomodulation is associated with its serum level. 
Hypomagnesemia, one of the main manifestations in 
patients with hepatic failure, is known to increase 
C-reactive protein and pro-inflammatory cytokines 
such as TNF-alpha, which can stimulate free radical 
production in endothelial cells and circulating white 
blood cells 38. Conversely, normomagnesemia exhibits 
a protective role against harmful inflammatory 
reactions 39, 40. The correction of hypomagnesemia 
before reperfusion in their study may have resulted in 
the decreased secretion of pro-inflammatory 
cytokines by Th 1 lymphocytes and the increased 
production of anti-inflammatory cytokines by Th 2 
lymphocytes, shifting Th 1/Th 2 balance toward Th 2 
and minimizing harmful inflammatory reactions. 

 

 
Figure 4. Comparison of the serum concentrations of cytokines in patients receiving magnesium (■) or saline (□). (A) Th 1 cytokines; (B) Th 2 cytokines; (C) the 
ratio of Th 1 to Th 2 cytokines. The box plot shows medians and quartiles. Error bars represent the 90th and 10th percentiles. *p < 0.05 between the groups at the 
time point indicated; †p < 0.05 between the two groups over time. T1, before infusion of the study solution at 20 min before the start of the neohepatic phase. T2, 
5 min after reperfusion. T3, 30 min after reperfusion. [from Ref. 37. Chung HS, Park CS, Hong SH, Lee S, Cho ML, Her YM, Sa GJ, Lee J, Choi JH. Effects of magnesium 
pretreatment on the levels of T helper cytokines and on the severity of reperfusion syndrome in patients undergoing living donor liver transplantation. Magnes Res 
2013; 26: 46-55.] 
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Recent studies have shown that the roles of Th1, 
Th2, Th17, and Treg are important for graft survival 
after liver transplantation. Zhou et al.41 reported that 
imbalance between Th 17 and Treg cells in the rodent 
liver graft model was involved in allograft rejection. 
In detail, Th 17 cells and related cytokines (IL-17) 
were increased, whereas Treg cells and related 
cytokines (IL-10) were lower in the allograft group 
compared with isograft and control group. In 
addition, they found that neutralization of IL-17 in 
allograft group prolonged the survival, improved 
liver function, and increased Treg cells in the liver. Li 
et al.42 have reported similar results in rat liver 
transplantation, which shows that Th 17/Treg 
imbalance plays a potential role in the pathogenesis of 
acute transplant rejection. On the other hand, Yang et 
al.43 have identified the complex effects of Th 17, Treg, 
Th 1, and Th 2 on liver graft rejection. According to 
their study, bone marrow mesenchymal stem cells 
injected into mice with orthotopic liver 
transplantation relieved acute rejection and increased 
survival rate. The mechanism is that bone marrow 
mesenchymal stem cells increase Th 2 and T reg cells, 
and decrease Th 1 and Th 17 cells. Taken together, we 
can conclude that Treg and Th 2 work together to 
positively influence the mitigation of acute rejection 
and the increase in graft survival rate. 

Future Study Direction 
Future study direction should focus on utilizing 

cytokines in order to improve clinical outcomes 
including enhancement of graft survival. Among 
several different lymphoid cell types which are 
known to demonstrate immune regulatory function, a 
subset of CD4 T cells or Treg is the most important. 
Strategies to prevent liver transplant rejection whilst 
minimizing long-term immunosuppression are 
currently under intense investigation with regulatory 
T cells nearing clinical application. Tregs control acute 
and delayed allograft rejection 44. Immune tolerance of 
Treg is demonstrated by expressing high affinity IL-2 
receptor alpha chain 45, meaning that the effect of Treg 
is realized by the action on cytokines. According to a 
recent study, the Treg cell therapy to induce tolerance 
in liver transplant recipients is successful 46. With the 
current viewpoint, however, there are following 
concerns: 1) Treg therapy is not effective in immune 
competent recipients, 2) it is difficult to obtain 
sufficient number, purity and stability of Treg, 3) 
there can be an increase in the possibility of infection 
and malignancy of recipients due to generalized 
suppression of adoptive immune system. If these 
concerns are resolved, the Treg would be a great tool 
that can be used to reduce graft rejection after 
transplantation. 

Conclusions 
Liver transplantation is a major surgical 

procedure with various kinds of stressors including 
massive transfusion, clamping of major vessels, 
acid-base imbalance and ischemia-reperfusion injury; 
together with liver failure, it acts as a stressor 
threatening the homeostasis of the body. Therefore, 
the secretion of cytokines is very active and dramatic 
during liver transplantation surgery as a response to 
stress. 

We reviewed the previous literature regarding 
the release of cytokines and their interactions in liver 
transplantation surgery. In detail, this review 
describes the type of the cytokines released in each 
surgical stage, certain cytokines as a factor for 
postoperative prognosis, various factors affecting the 
release of cytokines, and the balance of pro- and 
anti-inflammatory cytokines, Th1 and Th2, and Th 17 
and Treg signature cytokines during liver 
transplantation. 

Though we proposed various factors that 
influence the secretion of cytokines during liver 
transplantation surgery, we do not think that it is 
enough. Other factors that influence the secretion of 
cytokines must be figured out since it is closely related 
to clinical outcomes. Also, how the secretion of 
cytokines affect clinical outcomes should be 
elucidated in detail henceforth. When tools to 
artificially manipulate the cytokines are found and 
applied in clinical situations, we believe that 
prognosis after liver transplantation surgery will 
improve significantly. 
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