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Abstract
Purpose  Lysophosphatidylcholine (LPC), which is generated from phosphatidylcholine (PC) and metabolized by autotaxin 
(ATX), modulates immune responses via its anti-inflammatory property. We investigated the association between LPC and 
postoperative complications (POCs) after colorectal cancer surgery (CRC).
Methods  The subjects of this study were 43 patients who underwent surgery for CRC. Peripheral blood samples were col-
lected preoperatively and immediately after surgery, and on postoperative days (PODs) 1, 3, 5, and 7. Patients were divided 
into a No-POC group (n = 33) and a POC group (n = 10). Blood LPC, IL-6, PC, and ATX levels were measured by specific 
enzymatic assays or ELISA.
Results  The postoperative to preoperative LPC ratios were lowest on POD 1 in both groups. The POC group had significantly 
lower LPC ratios throughout the perioperative period than the No-POC group. The LPC ratios were inversely correlated 
with IL-6. The predictive impact of LPC ratios on POCs was demonstrated by ROC analysis (cut-off 51.2%, AUC 0.798) 
and multivariate analysis (OR 15.1, P = 0.01). The postoperative PC ratios decreased more after surgery in the POC group. 
ATX levels did not change significantly in either group.
Conclusions  Decreased postoperative LPC is associated with increased postoperative inflammatory response and POCs. 
The decreased PC supply to the circulation is a mechanism of the postoperative LPC decrease.
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Introduction

The prevalence of colorectal cancer (CRC) continues to 
increase in Japan. Since 2015, it has been the most common 
cancer in this country, accounting for over 50,000 deaths 
annually [1]. Although mortality associated with CRC has 
decreased by 14% over the last decade, about 40% of patients 
with diagnosed CRC will die from their disease [2]. Surgery 

continues to form the cornerstone of its management, but 
is itself associated with significant morbidity and mortality 
despite improvements in techniques and perioperative care 
[3]. The postoperative complication (POC) rates after CRC 
surgery remain high at about 30% and the postoperative 
mortality rate is still 3–4% [4, 5]. POCs, particularly infec-
tive complications such as anastomotic leakages, are clearly 
associated with both an increased risk of cancer recurrence 
and poorer long-term oncological survival, in addition to 
their adverse effects on quality of life and medical resources 
[6–9]. Thus, there is an urgent need for surgeons to under-
stand the background mechanism of POC occurrence in 
individual patients and overcome it. Early identification 
of patients at high risk of POCs may aid clinical decision-
making and possibly improve outcomes.

Lysophosphatidylcholine (LPC) is a lipid mediator, 
derived from membrane phospholipids, which has been sug-
gested to regulate excessive immune response [10]. LPC 
is generated through the action of phospholipase A2 on 
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phosphatidylcholine (PC), and has a potent proinflammatory 
effect that is mediated by up-regulation of the endothelial 
cell adhesion molecule, growth factors, and various immune 
cells in vitro [11–13]. Some studies also suggest that LPC 
may function as an immunosuppressor. Previous studies 
demonstrated that LPC has a high affinity for the immu-
noregulatory G protein-coupled receptor G2A, expressed in 
immature T- and B-cells [14]: G2A-deficient mice developed 
an autoimmune disease characterized by the activation of 
lymphocytes and hyper-responsive T-cells [15]. Based on 
the immunosuppressive potential of LPC, patients with sep-
sis show significantly decreased LPC blood levels [16–18]. 
LPC supplementation in an experimental sepsis model had 
a beneficial anti-inflammatory effect [19]. Thus, LPC deple-
tion is closely related to sepsis development through the pro-
motion of an exaggerated immune response.

Numerous studies suggest that exaggerated post-surgical 
systemic inflammation; specifically, higher levels of inter-
leukin-(IL) 6 and C-reactive protein (CRP), has a negative 
effect on short- and long-term outcomes [20–23]. The mag-
nitude of this inflammatory response varies widely among 
individuals and depends on type, duration, and extent of 
surgery; type of anesthesia; and perioperative blood transfu-
sion; among other factors [24–27]. However, the influence of 
immunomodulating lipid mediator LPC on clinical outcomes 
after elective cancer surgery is undetermined. Therefore, 
this study examined the associations between postoperative 
LPC changes and postoperative inflammatory response with 
respect to POC occurrence, and their predictive value for 
POCs after elective CRC surgery.

Materials and methods

Patients

We conducted a prospective single-institutional observa-
tional study at the Department of Surgery at Nippon Medi-
cal School Chiba Hokusoh Hospital from January, 2014 
to December, 2015. Forty-three patients with CRC who 
underwent elective surgery with primary tumor resection 
were included in this study. All patients received antibiotic 
prophylaxis as per local protocols, but not oral antibiotic 
prophylaxis. The surgical approach (open or laparoscopic) 
and extent of resection were decided by the surgeon, taking 
patient factors into consideration. Patients who were younger 
than 18 years old, those with a history of preoperative chem-
otherapy or radiation, those with clinical symptoms of infec-
tion, and those with chronic liver dysfunction and cirrhosis, 
chronic renal failure, or gastrointestinal obstructions, were 
excluded from the analysis.

The 43 patients were divided into two groups at the end 
of their individual follow-up periods, according to whether 

they had suffered POCs (n = 10; POC group), or not (n = 33; 
No-POC group). All POCs were recorded daily by attending 
physicians during the patients’ hospital stay and at the first 
visit to the outpatient clinic, approximately 30 days after 
surgery. POCs were classified based on the Clavien–Dindo 
grading system [28]. Complications with Clavien–Dindo 
grades ≥ I were defined as POCs in this study. We evalu-
ated the association between changes in blood LPC levels 
and postoperative inflammatory response and the predictive 
value for the occurrence of POCs.

Relevant patient and clinical variables were recorded at 
the time of chart review. The specific intake variables for 
each patient included sex, age, body mass index (BMI), 
comorbidity, American Society of Anesthesiologists (ASA) 
score, tumor location, pathological stage, surgical approach 
(laparoscopic or open), resection of other organs, duration of 
surgery, intraoperative blood loss, preoperative blood white 
blood cell count (WBC), CRP, and albumin concentrations.

This study was conducted in accordance with the Helsinki 
Declaration. The study protocol was approved by the Eth-
ics Committee of Nippon Medical School Chiba Hokusoh 
Hospital (Chiba, Japan) (Approval no. 562).

Blood sampling and assays

Peripheral venous blood samples were collected before (pre) 
and immediately after surgery (post) and on the mornings of 
postoperative days (PODs) 1, 3, 5, and 7. The WBC, CRP, 
and albumin levels were routinely measured immediately, at 
a central laboratory. The limit of detection for the CRP assay 
was 0.02 mg/dL. The remaining samples were separated 
immediately by centrifugation at 4 °C for 10 min at 2000×g 
and stored at − 80 °C until assays. Blood LPC and IL-6 lev-
els were analyzed using commercially available assay kits 
(LPC: AZWELL LPC Assay kit; Alfresa Pharma, Osaka, 
Japan; IL-6: Human IL-6 DuoSet ELISA, R&D Systems, 
Minneapolis, MN, USA). Blood phosphatidylcholine (PC) 
and lysophospholipase D/autotaxin (ATX) levels were meas-
ured using commercially available kits (Phosphatidylcho-
line assay kit; Cayman Chemical, Ann Arbor, MI; Human 
ENPP-2/Autotaxin DuoSet ELISA, R&D Systems), before 
and after surgery, and on POD1.

Statistical analysis

Data are presented as means ± standard error (SE). Post-
operative LPC changes are expressed as comparisons with 
baseline levels before surgery. The two-tailed Student’s t test 
and Mann–Whitney U test were used to compare continu-
ous variables, and the χ2 test and Fisher’s exact test were 
used to compare discrete variables. Correlations were ana-
lyzed by Spearman’s rank correlation. Variables that had a 
P value < 0.05 in the univariate analysis were entered into 
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the multivariate logistic regression analysis. Receiver oper-
ating characteristic (ROC) curve analysis was performed to 
identify the threshold of the LPC ratio in terms of POC. 
P < 0.05 was considered significant. All statistical analyses 
were performed with EZR (Saitama Medical Center, Jichi 
Medical University), which is a graphical user interface for 
R, version 3.1.0 (R Foundation for Statistical Computing, 
Vienna, Austria).

Results

Patients’ characteristics

Table 1 summarizes the clinical characteristics of the two 
study groups (the No-POC group vs. the POC group) and 
the results of univariate analyses of intergroup differences. 
The two groups did not differ significantly in sex, age, BMI, 
comorbidities, ASA score, tumor location, pathological 
stage, surgical approach, resection of other organs, or intra-
operative blood loss. The operative time was significantly 
longer (P = 0.048) and intraoperative blood loss was signifi-
cantly greater (P = 0.049) in the POC group than in the No-
POC group. Among preoperative blood inflammation and 
nutritional variables, WBC, CRP, albumin concentrations 
did not differ significantly between the groups. The preop-
erative LPC was also not significantly different between the 
groups.

The prevalence of POCs (Clavien–Dindo grading ≥ I) 
was 10/43 (23.3%). Table 2 details the complications in the 
two groups. Four patients with grade IIIb POCs required 
further surgery. None of the patients died within 30 days. 
The median timing of POC diagnosis was POD 5 (range: 
PODs 3–16).

Postoperative inflammatory responses

Compared with the preoperative values, the CRP and IL-6 
levels in both groups increased significantly after surgery 
and peaked on POD 3 and immediately post-surgery, 
respectively (Fig. 1a, b). The postoperative increases in 

Table 1   Clinical characteristics 
of the two groups of colorectal 
cancer surgery patients and 
results of univariate analyses of 
postoperative complications

Values are expressed as means ± SE
POC postoperative complications, BMI body mass index, ASA American Society of Anesthesiologists, 
JSCCR​ Japan Society for Cancer of the Colon and Rectum

Variables No-POC group (n = 33) POC group (n = 10) P value

Gender (male/female) 22/11 7/3 1.000
Age (years) 65.8 ± 1.6 68.4 ± 2.7 0.412
BMI (kg/m2) 22.8 ± 0.5 22.4 ± 1.0 0.659
Comorbidity (yes/no) 18/15 6/4 0.480
ASA score (1/2/3) 16/17/0 3/7/0 0.470
Tumor location
 (Colon/rectum) 18/15 4/6 0.488

Pathological stage (JSCCR)
 (0/I/II/III/IV) 2/3/16/9/3 1/2/1/5/1 0.547

Surgical approach (open/laparoscopic) 2/31 2/8 0.218
Resection of other organs (yes/no) 1/32 1/9 0.415
Duration of surgery (min) 271 ± 17 364 ± 39 0.048
Intraoperative blood loss (mL) 68 ± 19 289 ± 102 0.049
Preoperative blood exam
 White blood cells (counts/µL) 6188 ± 320 6375 ± 820 0.836
 C-reactive protein (mg/dL) 0.5 ± 0.1 0.7 ± 0.5 0.721
 Albumin (g/dL) 3.9 ± 0.1 3.7 ± 0.1 0.286
 Lysophosphatidylcholine (µmol/L) 193.3 ± 10.0 215.7 ± 20.0 0.333

Table 2   Postoperative complications

SSI surgical site infection

Clavien–Dindo 
grading

Postoperative complications n

I Superficial SSI 2
Minor anastomotic leakage 1

II Intraabdominal abscess 1
IIIa Intraabdominal abscess 1

Adhesional small bowel obstruction 1
IIIb Major anastomotic leakage 2

Adhesional small bowel obstruction 1
Intraabdominal abscess 1
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CRP on PODs 1, 3, 5, and 7 for both groups and the IL-6 
levels immediately post-surgery, and on PODs 1, and 3 
for the No-POC group, and immediately post-surgery, and 
on POD 1 for the POC group were all significant. The 
preoperative CRP levels of the two groups did not differ 
significantly, but the POC group had significantly higher 
CRP levels on PODs 5, and 7. In contrast, no significant 
differences were observed for IL-6 during the entire perio-
perative period because of the large individual variations.

Postoperative changes in LPC

Figure 1c shows the postoperative changes in the blood 
LPC ratios (to the preoperative values) in the two groups. 
Both groups showed decreased LPC ratios until POD 1 and 
then recovered gradually thereafter. Although the No-POC 
group recovered and reached preoperative levels on POD 
7, the LPC ratios in the POC group remained significantly 
decreased during the entire postoperative period. The POC 
group had significantly lower LPC ratios than the No-POC 
group during the entire postoperative period.

Correlation between LPC and IL‑6 levels

Figure 2 shows the correlations between blood LPC ratios 
and IL-6 levels immediately post-surgery and on POD 1. At 
both time points, the LPC ratios were significantly inversely 
correlated with the IL-6 levels (P = 0.033 immediately post-
surgery and P = 0.041 on POD 1, respectively; Fig. 2a, b).

Fig. 1   Postoperative changes in blood C-reactive protein (CRP) (a), 
IL-6 (b), and lysophosphatidylcholine (LPC) levels (c) in the patients 
without (No-POC group; open circles) and those with (POC group; 
closed circles) postoperative complications (POCs). LPC is expressed 
as ratio of preoperative value. Data are expressed as means ± SE. 
*P < 0.05 vs. preoperative values in the same group; †P < 0.05 vs. No-
POC group at the same time. POC postoperative complication, pre 
preoperative, post immediately after surgery, POD postoperative day

Fig. 2   Correlations between blood LPC ratios from the preoperative 
levels and IL-6 levels immediately after surgery (a) and on POD 1 (b)
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Predictive value of LPC on postoperative 
complications

The ROC curve analysis of LPC ratios (post to pre) with 
respect to POCs identified 51.2% as the optimal cut-off point 
[area under the ROC curve (AUC) 0.798, 95% confidence 
interval (CI) 0.629–0.952; Fig. 3], with 80.0% sensitivity 
and 81.2% specificity.

Multivariate logistic regression analysis of POCs vs. 
variables selected by univariate analyses and classified into 
dichotomous variables using cut-off values determined by 
ROC analyses showed only the LPC ratio (post to pre) as an 
independent risk factor for POCs (odds ratio 15.1, 95% CI 
1.83–125, P = 0.011; Table 3).

Mechanism of decreased LPC after surgical stress

The postoperative to preoperative ratios of blood PC and 
LPC were significantly correlated (P = 0.040; Fig. 4a). Both 
groups showed decreased postoperative blood PC ratios until 
POD 1 (Fig. 4b), but the POC group had significantly lower 
postoperative PC ratios than the No-POC group. Blood ATX 
levels were investigated in the same manner as for PC, but 
preoperative levels were maintained after surgical stress in 
both groups (data not shown).

Predictive value of PC and LPC combined scoring 
for POCs

The results shown in Fig. 4a, b suggest the predictive poten-
tial not only of LPC, but also of PC for POCs. The ROC 
curve analysis of PC ratios (post to pre) with respect to 
POCs identified 88.7% as the optimal cut-off point [area 

under the ROC curve (AUC) 0.764, 95% confidence interval 
(CI) 0.572–0.955), with 63.6% sensitivity and 90.0% speci-
ficity (Supplementary Fig. 1). To increase the predictive 
potential for POCs, we established an LPC and PC combined 
scoring system. As shown in Supplementary Table 1, 70% 

Fig. 3   Receiver operating characteristic curve analysis of the LPC 
ratio (post to pre) versus the POCs

Table 3   Multivariate logistic regression analysis of factors associated 
with postoperative complications

Variables Odds ratio 95% 
Confidence 
interval

P value

Duration of surgery (min) 1.00 0.99–1.01 0.929
Intraoperative blood loss (mL) 1.01 1.00–1.01 0.108
LPC (post/pre) (cut-off: 51.2%) 15.1 1.83–125 0.011

Fig. 4   Correlation between blood phosphatidylcholine (PC) and LPC 
immediately after surgery (a). Changes in the blood PC levels in the 
No-POC (open circles) and POC (closed circles) groups (b). PC and 
LPC are expressed as ratios from the preoperative values. Data are 
expressed as means ± SE. *P < 0.05 vs. preoperative values in the 
same group; †P < 0.05 vs. No-POC group at the same time. POC 
postoperative complication, pre preoperative, post immediately after 
surgery, POD postoperative day
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of patients with a score of 2 had POCs, with a diagnostic 
likelihood ratio of 7.7. In contrast, none of patients with a 
score of 0 had POCs.

Discussion

The main and novel finding of this study is that a decrease 
in blood LPC levels immediately after surgery is an inde-
pendent risk factor for the development of POCs in patients 
undergoing CRC surgery. The decreased LPC levels con-
tribute to exaggerated pro-inflammatory host responses after 
surgery, which might result in POCs.

LPC is a highly abundant bioactive lysoglycerophospho-
lipid, present at high concentrations (of about 190 µM) in 
the circulation. The early observation that LPC is upregu-
lated at sites of inflammation was followed by numerous 
publications on LPC-elicited responses in various cell types 
[11–13]. Notably, most reported studies on LPC regulation 
of inflammatory responses have been performed in vitro, 
in the absence of co-stimulatory and/or inhibitory signals. 
Moreover, extreme caution should be exercised when eval-
uating reported LPC actions, to ensure that used concen-
trations are within the physiological range and to exclude 
experiments that were conducted in the presence of serum 
(containing phospholipids and albumin, which quench LPC 
activity) and/or LPC-hydrolyzing enzymes. For instance, the 
activation of nuclear factor-κB (NF-κB; a major transcrip-
tional regulator of pro-inflammatory cytokine expression) 
by LPC appears to depend on the LPC concentration: lower 
LPC concentrations increase endothelial NF-κB activity, 
whereas higher LPC concentrations inhibit it [29]. Thus, 
positive and negative biphasic regulatory actions of LPC on 
NF-κB activity in endothelial cells suggest different func-
tions for LPC in mediating endothelial barrier functions and 
the extravasation of immune mediators, depending on its 
concentration in the inflamed site. A recent in vitro study 
demonstrated that LPC alone triggers a classical pro-inflam-
matory phenotype by activating TLR4- and TLR2-1-medi-
ated signaling; however, in the presence of classical TLR 
ligands, LPC counteracted some TLR-mediated intracellular 
responses, ultimately inducing an anti-inflammatory pheno-
type in macrophages [30].

Amid the controversy between the pro-inflammatory and 
anti-inflammatory properties of LPC, Yan et al. [19] dem-
onstrated the protective effects of LPC in animal models of 
lethal sepsis, attributed to the anti-inflammatory effect of 
protection from stimulating neutrophils to destroy ingested 
bacteria via an H2O2-dependent mechanism. LPC also 
helps protect against lethal endotoxemia, which implies 
that it may exert protective effects through an additional, 
bactericidal-independent mechanism [19, 31]. Chen et al. 
[32] reported that stearoyl LPC dramatically inhibited the 

release of endotoxin-induced high-mobility group box 1 
(HMGB1), a late lethal mediator of sepsis, from monocytic 
cells by inhibiting the active release pathway. These protec-
tive effects of LPC against sepsis are mediated through the 
LPC receptor G2A, which is expressed in neutrophils and 
macrophages [33]. In studies of sepsis in humans, decreased 
LPC blood levels were observed and found to be correlated 
with sepsis-related mortality [16–18]. Blood LPC levels in 
sepsis were inversely correlated with CRP and procalcitonin 
levels [16], which imply the function of LPC in controlling 
inflammatory responses in vivo. In line with these in vivo 
observations, we found that patients with more decreased 
postoperative LPC levels had greater postoperative inflam-
matory responses. These results suggest that LPC has a 
major function in attenuating systemic inflammation, thus 
decreasing the likelihood of POCs after CRC surgery.

CRC surgery is common and involves major abdominal 
procedures with a complication rate of about 30% [4, 5]. 
Previous clinical studies suggest that the hyper-inflammatory 
host response following major surgical trauma, based on 
excessive release of the pro-inflammatory cytokines, TNF-α 
and IL-1β, is the cause of the increased mortality and risk 
of POCs and multiple organ failure [34, 35]. Early recog-
nition of POCs optimizes the chance of better outcomes. 
One way to enhance early detection of complications is by 
using pro-inflammatory markers as predictors of outcome 
[36]. For instance, CRP, which is generally used to monitor 
the patient’s condition over time after surgery, is a widely 
accepted predictor of POCs after CRC surgery [37–39]. 
However, the diagnostic window of 3–4 days after surgery 
is relatively late for early recognition [37–39]. The median 
time from surgery to a complication was 5 days in our 
cohort, which suggests that a substantial number of POCs 
are diagnosed before CRP and can even be used to identify 
which patients are at higher risk. A recent study found that 
high IL-6 levels on POD1were associated with an increased 
risk of complications after major abdominal surgery, but its 
predictive value is not high (AUC 0.67) [22]. In our study, 
CRP and IL-6 levels did not predict POCs.

A focus of the present study was to ascertain how surgi-
cal stress reduces circulating LPC levels. We measured the 
blood levels of PC, a phospholipid and precursor of LPC, as 
well as ATX, a major enzyme synthesizing lysophospatidic 
acid (LPA) from LPC. We found that preoperative blood ATX 
levels were maintained after surgery, which implies that LPC 
metabolism is not activated by surgical stress. However, the 
blood PC levels decreased after surgery and the POC group 
showed more profound decreases than the No-POC group. 
Moreover, the postoperative changes in PC were significantly 
correlated with the changes in LPC levels. Taken together, 
these results indicate that decreased blood PC levels induced 
by surgical stress were responsible for the decreased LPC 
levels. A plausible mechanism for the surgical stress-induced 
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lower PC levels is decreased release of PC from cell mem-
branes to the circulation.

To be useful, biomarkers should be measured quickly, eas-
ily, and effectively in the clinical setting. Although several 
methods of measuring LPC concentrations have been reported, 
these methods (especially liquid-chromatography-mass spec-
trometry) are too complicated and/or time-consuming for 
measuring LPC in human blood samples. The enzymatic LPC 
assay utilized in this study is simple, specific for LPC, and 
can be applied with an automatic analyzer, thus facilitating its 
clinical application [40].

This study has several potential clinical benefits. For 
patients with higher levels of blood LPC than the cut-off, it 
may provide their clinicians with reassurances about POC 
development and allow for early discharge. In contrast, for 
those with lower levels, it may provide an early warning to 
provide prompt reassessment and careful management.

This observational study had several limitations. First, it 
was a single-institutional study limited by its relatively small 
sample size, which influenced the predictive power of the 
marker to differentiate POCs from no POCs. Second, we ana-
lyzed total blood LPC levels, rather than specific molecular 
LPC species, using commercial enzymatic LPC assay kits. 
Third, the influence of blood LPC levels on long-term out-
comes was not evaluated, so this needs further investigation. 
Fourth, the magnitude of surgical stress of different procedures 
varied; for example, colonic and rectal surgery, and open vs. 
laparoscopic surgery.

In conclusion, our data indicate that decreased blood LPC 
levels immediately after surgery may predict whether CRC 
patients will produce exaggerated inflammatory host responses 
and thus be more susceptible to POCs. We postulate that this 
biomarker could enhance the ability to predict operative risk 
for patients undergoing CRC surgery, which in turn could 
improve their postoperative management.
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