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The systemic cytokine response during surgery has been reported to be stimulated by the molecules 
released from damaged cells, called damage-associated molecular patterns (DAMPs).  The relationship 
between DAMPs and liver transplantation has not been reported.  We aimed to clarify the relationship 
between the plasma levels of DAMPs and the short-term post-transplant outcomes, including mortality and 
postoperative multi-organ dysfunction syndrome (MODS).  This retrospective cohort study enrolled 61 
patients who underwent liver transplantation.  Mitochondrial DNA fragments, as mitochondria-derived 
DAMPs (mtDAMPs), were isolated from frozen plasma obtained at the start and the end of transplantation 
and were quantified by polymerase chain reaction.  The short-term post-transplant outcomes were 
compared among the groups categorized based on the median value of the intraoperative fluctuation of 
mtDAMPs levels.  The mtDAMPs levels were increased from the start to the end of transplantation in 52 
recipients (85.2%, n = 61).  Regarding mortality, no significant differences were noted between the high 
group (n = 30) and the low group (n = 31).  The higher plasma levels of mtDAMPs were correlated with the 
longer duration of postoperative vasopressor support (P < 0.05).  Importantly, the rate of MODS on post-
operative day 1 was significantly higher in the high group (high vs. low group: 21 patients [70%] vs. 11 
patients [35.1%], P < 0.01).  In conclusion, mtDAMPs were increased in plasma during liver transplantation 
in most recipients.  This elevation was not associated with mortality, but associated with the post-transplant 
recovery.  Measuring plasma mtDAMPs may be helpful for predicting posttransplant recovery among liver-
transplant recipients.
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Introduction
The systemic cytokine response to surgical trauma 

increases with the severity of the surgical insult.  It was 
revealed that serum levels of cytokines such as interleukin 
(IL)-1 and IL-6 are elevated after surgery (Ayala et al. 
1991; Baigrie et al. 1992; Sakamoto et al. 1994; Glaser et 
al. 1995) and that their responses were stimulated by dam-
age-associated molecular patterns (DAMPs) (Zhang et al. 
2010).  DAMPs are molecules, such as nuclear or cytosolic 
proteins, that are actively excreted or passively released by 
dead, dying, injured, or stressed cells in response to trauma, 

ischemia, and tissue damage and further enhance inflamma-
tory or cell-death signaling (Rubartelli and Lotze 2007; 
Hou et al. 2013).  DAMPs include DNA, high-mobility 
group box 1 (HMGB1), and heat shock proteins (Nakahira 
et al. 2015).  They play a number of roles in inflammation 
and immunity as inducers of the cytokine cascade and stim-
ulators of systemic inflammatory response syndrome (SIRS) 
(Zhang et al. 2010).

Mitochondria can release mitochondria-associated 
molecules when cells are dying in response to cellular 
stress, including mechanical stress or infection; these mole-
cules are called mitochondrial DAMPs (mtDAMPs) and 
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induce various immune responses of immune cells 
(Nakahira et al. 2015).  MtDAMPs have been identified as 
important mediators of the innate immune response and 
implicated in various conditions, such as trauma, sepsis, 
and autoimmune disorders (Grazioli and Pugin 2018).  
Simmons et al. (2013) revealed that plasma mtDAMPs are 
associated with the development of SIRS, multi-organ dys-
function syndrome (MODS), and mortality in severely 
injured human subjects.  Severe surgical stress is expected 
to occur via a similar mechanism to trauma.  Liver trans-
plantation is a highly invasive surgical procedure and is 
considered to be associated with severe surgical stress.  
However, surgical stress is multifactorial, with causative 
factors including wound size, hemorrhaging amount, and 
operation time, and can thus be difficult to express.  
Furthermore, the effect of surgical stress on post-transplant 
outcomes remains unclear, as the post-transplant course is 
affected by a number of factors, such as infection, rejection, 
and the graft function.  We hypothesized that DAMPs 
express their multifactorial phenomena as an indicator and 
affect the outcomes of recipients.

In order to evaluate the effect of surgical stress on 
post-transplant outcomes, we investigated the relationship 
between the plasma levels of mitochondrial DNA fragments 
and the outcomes of liver transplantation.  Mitochondrial 
DNA fragments were selected as mtDAMPs due to their 
sensitivity to oxidative damage.  Oxidative stress is a key 
pathophysiological component of severe trauma and illness, 
DNA in the mitochondrial genome is considerably more 
sensitive to oxidative damage than nuclear DNA (Yakes and 
Van Houten 1997; Mikhed et al. 2015).  We hypothesized 
that plasma mtDAMPs would be increased in the operation 
and that the increase would be associated with the post-
transplant outcome.

Patients and Methods
This retrospective cohort study enrolled 61 patients 

who underwent liver transplantation at Nagasaki University 
Hospital between September 2011 and May 2015.  The 
recipients were > 18 years old with various types of liver 
disease, such as liver cirrhosis associated with hepatitis B 
virus, hepatitis C virus or alcohol, primary biliary cholangi-
tis, primary sclerosing cholangitis, hepatic cell carcinoma, 
Wilson’s disease, and drug-induced liver injury.  Two recip-
ients underwent deceased donor liver transplantation; the 
others underwent living donor liver transplantation.  Blood 
samples were taken just before laparotomy and at the time 
of closure of the abdomen and placed into blood collection 
tubes containing anticoagulants.

The samples were centrifuged at 1,200 relative centrif-
ugal force for 10 minutes at 21°C, and 200 μL of the plasma 
fraction was decanted and frozen at –80°C.  The frozen 
plasma samples were defrosted at room temperature, and 
DNA was isolated using NucleoSpin® Plasma (TAKARA 
BIO INC., Shiga, Japan).  Real-time polymerase chain reac-
tion (PCR) was performed to quantify the sequences of 

mtDNA, nicotinamide adenine dinucleotide (NADH) dehy-
drogenase 1  (ND1), and NADH dehydrogenase 6 (ND6) 
(TaqMan® Gene Expression Assay, MT-ND1, and MT-ND6, 
respectively; [Applied Biosystems, Massachusetts, USA]) 
using the primers described in previous articles (Zhang et 
al. 2010; Simmons et al. 2013).  These have a lower molec-
ular weight than many other mitochondrial DNA fragments 
and were considered suitable for quantifying the mitochon-
drial injury because of their characteristically low risk of 
sequence damage.

Real-time PCR was performed using an Applied 
Biosystems® StepOnePlusTM Real-Time PCR System and 
Taqman® Fast Universal PCR Master Mix.  The quantity of 
plasma mitochondrial DNA fragments was expressed as the 
cycle threshold (CT), which was defined as the number of 
cycles required for the fluorescent signal to reach the level 
of detection in real-time PCR.  The CT values are inverse to 
the amount of target nucleic acid in the sample and are cor-
related with the number of target copies in the sample.  
Hence, lower CT values indicate high amounts of the target 
sequence and higher CT values mean lower amounts of the 
target nucleic acid.

We evaluated the outcomes and perioperative factors 
according to the increase of mitochondrial DNA fragments.  
The primary outcome was 90-day mortality, and the sec-
ondary outcomes were the development of multi-organ dys-
function syndrome (MODS), length of intensive-care unit 
(ICU) stay, duration of vasopressor and ventilator support, 
and induction of continuous hemodiafiltration (CHDF).  We 
used the sequential organ failure assessment (SOFA) score 
as a marker of MODS, and we defined MODS as a SOFA 
score of > 9 points based on the results of a previous report 
(Zhang et al. 2010).  We also analyzed the relationship 
between mtDAMPs and the following perioperative factors: 
the MELD score, operative time, amount of blood loss, and 
the anhepatic time.

We analyzed the association of the mitochondrial DNA 
fragment levels, as a continuous variable, with the presence 
of death, MODS, and the induction of CHDF as categorical 
variables and the duration of ICU stay, vasopressor usage, 
ventilator support, and the liver function on post-operative 
day (POD) 7 as continuous variables.  A relative risk analy-
sis was performed to determine the association between a 
high increase in the mtDAMPs level (using the median CT 
value) and the post-transplant outcomes.  Statistically sig-
nificant differences (P < 0.05) were detected by nonpara-
metric analyses.  All statistical analyses were conducted 
using the JMP Statistical Software program, Version 11 
(SAS Institute Inc., Cary, NC, USA).

This study was approved by the Ethical Committee of 
the Nagasaki University Hospital (decision number 
18091019).

Results
The CT values of mitochondrial DNA fragments are 

shown in Table 1.  In 52 recipients (85%), the ND1 levels 
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were increased after the operation.  The changes in the 
mitochondrial DNA fragment levels (ND1 and ND6) before 
and after transplantation are shown in Fig. 1.  We expressed 
the change as ΔCT, as follows:

ΔCT = CT (post-transplantation) 
− CT (pre-transplantation).

ΔCT of ND1 (ΔCT-ND1) was correlated with ΔCT of ND6 
(ΔCT-ND6), and the Pearson’s correlation coeffi  cient was 
0.98 (Fig. 1).  This ensured the accuracy of the measure-
ment of mitochondrial DNA fragments.

We divided the recipients into two groups (high and 
low) based on the median ΔCT-ND1 value (Fig. 2).  No sig-
nifi cant diff erences were noted in the characteristics; recipi-
ent sex, recipient age, donor age and the MELD score of 
the recipient, in the high group (n = 30; median: –6.313, 
range: –10.631 to –2.826) and the low group (n = 31; 
median: –0.917, range: –2.807 to 3.940) (Table 2).  
Regarding the perioperative factors, no signifi cant diff er-

ences between the two groups were noted in the operation 
time (high vs. low group: 770 minutes vs. 740 minutes, P = 
0.27), blood loss (high vs. low group: 6,520 g vs. 6,600 g, P 
= 0.78), or postoperative lactate levels (high vs. low group: 
2.65 mmol/L vs. 2.5 mmol/L, P = 0.24).  By contrast, the 
anhepatic time in the high group was signifi cantly longer 
than that in the low group (high vs. low group: 121 [78-
423] minutes vs. 109 [24-274] minutes, P < 0.05) (Table 2).

With regard to the primary outcome (90-day mortal-
ity), there was no signifi cant diff erence between the groups 
(high vs. low group: 5 patients [16.7%] vs. 4 patients 
[12.9%], P = 0.68).  With regard to the secondary outcomes, 
the duration of vasopressor support in the high group was 
longer than that in the low group (high vs. low group: 2.5 
[0-45] days vs. 0 [0-26] days, P < 0.05).  Furthermore, the 
rate of MODS on post-operative day 1 (POD1) was signifi -
cantly higher in the high group than in the low group (high 
vs. low group: 21 patients [70%] vs. 11 patients [35.1%], P 

Table 1.  The CT values of mtDAMPs in 61 recipients.

Minimum Median Max

ND1
(Pre-transplantation) 20.5725 28.4387 34.3864

ND1
(Post-transplantation) 19.6602 25.0453 29.9986

ND6
(Pre-transplantation) 18.8562 26.4175 32.0763

ND6
(Post-transplantation) 18.8130 23.2076 27.9616

The lower the CT level, the greater the plasma mtDAMP level.
CT, cycle threshold; ND, nicotinamide adenine dinucleotide dehydrogenase.

Fig. 1. Changes in the mtDAMP levels, and the relationship between CT-ND1 and CT-ND6. 

Pre-transplantation 

P < 0.001 

a) CT-ND1

Post-transplantation 
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< 0.01).  There were no signifi cant diff erences between the 
groups in the duration of ICU stay (high vs. low group: 5 
[1-34] days vs. 4 [1-39] days, P = 0.31), ventilator support 
(high vs. low group: 2 [1-22] days vs. 1 [1-26] day, P = 
0.08), or the liver function on POD7 (high vs. low group: 

AST 53.5 [22-878] IU/L vs. AST 45.0 [11-731] IU/L, P = 
0.40; T-Bil 7.2 [2-17.8] mg/dL vs. T-Bil 7.8 [0.9-19.8] mg/
dL, P = 0.79) (Table 2).

b) CT-ND6

P < 0.001 

Pre-transplantation Post-transplantation 

Fig. 1.  Changes in mtDAMP levels and the relationship between ΔCT-ND1 and ΔCT-ND6.  
 The scale of the CT values is shown in an opposite manner to the amount of target nucleic acid, as the CT values are in-

verse to the amount of target nucleic acid in the sample.
 a)  A dot and box plot of the CT values of ND1 (CT-ND1).  The dots show the changes in the CT values of each 61 pa-

tients.  The median CT value of ND1 in the post-transplant phase was signifi cantly lower than that in the pre-trans-
plant phase.  This indicates that plasma ND1 levels were increased during transplantation. 

 b)  A dot and box plot of the CT values of ND6 (CT-ND6).  The dots show the change in the CT values for all of the 61 
patients.  The median CT value of ND6 in the post-transplant phase was signifi cantly lower than that in the pre-
transplant phase.  This indicates that plasma ND6 levels were increased during transplantation. 

 c)  The correlation between the change of the CT values of ND1 and ND6.  The dots show the changes in the CT val-
ues of ND1 and ND6 for all of the 61 patients.  Pearson’s correlation coeffi  cient was 0.98.

 mtDAMPs, mitochondrial damage-associated molecular patterns; CT, cycle threshold; ND, nicotinamide adenine dinu-
cleotide dehydrogenase.
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Fig. 2. Grouping according to the increases in the mtDAMP. 

High group (n = 30) Low group (n = 31) P value 

ΔCT-ND1 (median) –6.313 (–10.631 to –2.826) –0.917 (–2.807 to 3.940)    < 0.001

61 patients 

30 patients 

31 patients 

High group 

Low group 

ΔCT-ND1 

Fig. 2.  Grouping according to the increase in the mtDAMP level.
 We divided the recipients into two groups (high and low group) according to the median value of the change in the mt-

DAMPs level from pre-transplantation to post-transplantation.
 mtDAMPs, mitochondrial damage-associated molecular patterns; CT, cycle threshold; ND, nicotinamide adenine dinu-

cleotide dehydrogenase.

Table 2.  The diff erences of the two groups.

High group (n = 30) Low group (n = 31) P value

Characteristics

ΔCT ND1 (median) –6.313 (–10.631 to –2.826) –0.917 (–2.807 to 3.940) < 0.001
ΔCT ND6 (median) –5.179 (–9.772 to –2.787) –0.663 ( –3.131 to 3.852) < 0.001
Recipient sex (M:F) 17:13 20:11 N.S.
Recipient age (median) 58 (47-69) 59.5 (24-70) N.S.
Donor age (median) 39 (22-63) 39 (24-62) N.S.
MELD score (median) 14 (8-37) 18 (8-37) N.S.
ICU admission (case) 0 2 N.S.

Perioperative factors

Operation time (min) 770 (510-1,057) 740 (577-1, 031) N.S.
Blood loss (g) 6,520 (2,050-16,123) 6,600 (2,500-30,500) N.S.
Graft size (g) 472 (310-770) 470 (298-814) N.S.
GV/SLV 44.7 (25.9-63.4) 47.05(28.9-59.78) N.S.
Anhepatic time (min) 121 (78-423) 109 (24-274) < 0.05
Cold ischemic time (min) 101.5(49-465) 96 (45-419) N.S.
Warm ischemic time (min) 49.5 (30-96) 44 (32-129) N.S.
Postoperative Lactate (mmol/l) 2.65 (1-19) 2.5 (1-8.6) N.S.

Outcomes

90-day mortality (n [%]) 5 (16.7%) 4 (12.9%) N.S.
ICU stay (days) 5 (1-34) 4 (1-39) N.S.
Vasopressor support (days) 2.5 (0-45) 0 (0-26) < 0.05
Ventilator support (days) 2 (1-22) 1 (1-26) 0.08
Initiation of CHDF (n [%]) 8 (26.7%) 4 (12.9%) N.S.
MODS POD1 (n [%]) 21 (70.0%) 11 (35.4%) < 0.01
MODS POD7 (n [%]) 8 (26.7%) 9 (29.0%) N.S.
AST POD7 (IU/L) 53.5 (22-878) 45 (11-731) N.S.
T-Bil POD7 (mg/dl) 7.2 (2-17.8) 7.8 (0.9-19.8) N.S.

There were signifi cant diff erences between the two groups in the anhepatic time, the duration of postop-
erative vasopressor support and the development of MODS on POD1.
CT, cycle threshold; NADH, dehydrogenase; MELD score, The Model of End-stage Liver Disease 
score; ICU, intensive care unit; GV/SLV, Graft Volume/Standard Liver Volume; CHDF, continuous 
hemodiafi ltration; MODS, multi-organ dysfunction syndrome; POD, postoperative day; AST, aspartate 
transaminase; T-Bil, total-bilirubin, N.S., not signifi cant.
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Discussion
ND1 and ND6 in plasma are two types of mtDAMPs.  

This is the first study to show an intraoperative increase in 
the mtDAMPs levels in most patients during liver trans-
plantation.  The causes of increased mtDAMPs levels may 
be multifactorial, including the primary disease, surgical 
procedure, blood loss, blood transfusion, anesthesia, and 
the condition of the liver graft (Ferreira et al. 2001; Lee et 
al. 2014; Fucikova et al. 2015; Garcia-Martinez et al. 2016; 
Yasui et al. 2016).  Although previous studies have sug-
gested that increased blood loss and a lengthy operation 
would increase mtDAMPs levels (Sakamoto et al. 1994; 
Chaung et al. 2012), these operative factors were not found 
to be correlated with increased mtDAMPs levels in the 
present study.

Specifically, this study found that a long anhepatic 
time increased plasma mtDAMPs levels.  The deleterious 
effects of a prolonged anhepatic phase have been attributed 
to hemodynamic changes resulting from the interruption of 
the portal venous system.  The serum IL-6 levels in the 
recipient have been shown to offer a marker of hemody-
namic performance during liver transplantation (Arranz et 
al. 2003).  Previous studies of serum cytokine levels during 
liver transplantation have shown that the anhepatic phase to 
marks the start of a sharp increase in the recipient serum 
IL-6 level to over 100 times the levels measured in control 
patients (Faybik et al. 2003; Santiago et al. 2006; 
Eleftheriadis et al. 2014).  IL-6 elevation has recently been 
reported to be associated with the production of mtDAMPs 
in a rat model (Ijtsma et al. 2009).  The elevation of 
mtDAMPs in association with the elevation of IL-6 or other 
cytokines during the anhepatic phase might be a cause of 
the lengthy duration of vasopressor support and the devel-
opment of MODS on POD1 in the present study.

Recent articles have indicated a relationship between 
mtDAMPs and the prognosis in trauma patients (Zhang et 
al. 2010; Simmons et al. 2013).  However, no significant 
relationship between the mtDAMPs levels and 90-day mor-
tality was identified in the present study.  In comparison to 
trauma patients, the causes of mortality after transplantation 
are considered more multifactorial, involving factors such 
as rejection, infection, and an initial poor liver function.  
However, all recipients with ΔCT-ND1 < –10 (3 recipients) 
died within 30 days after transplantation.  In fact, the 
increase in mtDAMPs levels was significantly correlated 
with circulatory failure and MODS in this study.  Taking 
into account the present results, including the longer dura-
tion of vasopressor support, tissue damage induced by 
markedly increased mtDAMPs levels may affect the post-
operative course.  However, whether the outcomes of liver 
transplantation are influenced by such increases in 
mtDAMPs—and if so, the degree to which precise levels of 
mtDAMPs exert such influences—should be carefully ana-
lyzed in future studies.  Although some recipients did show 
decreased mtDAMP levels after transplantation, these 

patients had already shown high mtDAMPs, even before 
transplantation.  This phenomenon may be related to pre-
transplantation conditions, such as severe liver disease or a 
very poor general condition.  Further investigations are 
required to clarify the mechanisms under which mtDAMP 
levels are reduced during surgery.

The present study was associated with some limita-
tions.  First, this study was conducted at a single institution 
in a small number of patients.  Second, normal levels of 
mtDAMPs remain unclear.  We used the median difference 
between the pre- and post-transplantation levels as the cut-
off value in the present study, but an appropriate cutoff level 
for mtDAMPs, in terms of the post-transplant outcomes, 
should be determined using a larger cohort.

In conclusion, the plasma levels of mtDAMPs were 
increased during liver transplantation in most cases.  
Although the elevation of plasma levels of mtDAMPs dur-
ing surgery was not associated with short-term mortality in 
liver transplant recipients, measuring mtDAMPs may be 
helpful for predicting posttransplant recovery.  Further 
study on mtDAMPs may clarify the possibility of 
mtDAMPs as a therapeutic target to achieve a better post-
transplant recovery in patients undergoing liver transplanta-
tion.
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