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Background: Recent studies suggested that galectin-3 may act as a pro-inflammatory damage-associated

molecular pattern. The aim of this study is to investigate the association between blood galectin-3 and

postoperative complications (POC) after colorectal cancer (CRC) surgery.

Methods: Blood samples were taken from 35 patients with CRC before surgery, immediately after sur-

gery, and on postoperative days (POD) 1, 3, 5, and 7. Blood galectin-3 and interleukin-6 levels were

measured by commercially available ELISA. Patients were divided into those with (POC group) and

without POC (no-POC group).

Results: Significantly higher galectin-3 levels were observed pre- and postoperatively in the POC group

(n=10) compared with those of the no-POC group (n=25). Galectin-3 levels on POD1 showed the best

predictive potential for POC (cut-off: 3.18 pg/mL, area under the curve: 0.868).

Conclusions: These results indicate that increased perioperative blood galectin-3 levels may be associ-

ated with POC after CRC surgery. (J Nippon Med Sch 2019; 86: 142―148)
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Introduction

The incidence of colorectal cancer (CRC) in Japan is in-

creasing, and CRC was recognised as the commonest

cancer in 20151. Although surgical resection has been a

mainstay for the treatment of CRC, high rates of postop-

erative complications (POC) (about 30%) and mortality

(about 4%) are reported, despite improvements in surgi-

cal techniques and perioperative management2,3. Recent

studies demonstrated that POC were associated with

poorer long-term outcomes after CRC surgery4―7, and pre-

vention of POC is thus a critical issue for surgeons. But

prevention is difficult, because multiple risk factors pro-

mote the occurrence of POC, such as comorbidities, sur-

gical procedures, operation time, and transfusion of

blood8―11. Recent interest has focused on perioperative

pro-inflammatory immunological host responses as dis-

tinct predictive biomarkers for POC after CRC sur-

gery12―16.

Galectin-3 is a 31-kDa chimeric galectin characterized

by a single C-terminal carbohydrate recognition domain

(CRD) and an N-terminal aggregating domain that inter-

acts with non-carbohydrate ligands to allow the forma-

tion of oligomers17,18. The functions of galectin-3 are di-

verse, including roles in cell migration, adhesion, apopto-

sis, and inflammatory and immunomodulatory activities.

Studies have shown that galectin-3 is associated with

several inflammatory diseases, such as sepsis and airway

inflammation18―20. Galectin-3 was recently shown to pro-

voke the inflammatory responses in sepsis, and has

emerged as a ‘damage-associated molecular pattern

(DAMP)’21. However, the influence of galectin-3 on surgi-

cal outcomes following gastrointestinal surgery is un-

known. We evaluated the association between blood

galectin-3 levels and the development of POC after elec-
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Table　1　Clinical characteristics of patients with and without postoperative complications 

and results of univariate analyses

Variables
No POC group 

(n=25)
POC group 

(n=10)
P value

Sex (male/female) 16/9 7/3 1.000

Age (years) 67.2±1.6 68.4±2.7 0.711

BMI (kg/m2) 22.6±0.6 22.4±1.0 0.800

Comorbidity (yes/no) 15/10 7/3 0.709

ASA score (1/2/3) 12/13/0 3/7/0 0.458

Tumor location (Colon/Rectum) 13/12 3/7 0.285

Pathological stage (JSCCR) (0/I/II/III/IV) 2/2/13/6/2 1/2/1/5/1 0.105

Surgical approach (open/laparoscopic) 1/24 2/8 0.190

Resection of other organ (yes/no) 1/24 1/9 0.496

Surgical duration (min) 270±19 364±39 0.046

Intraoperative blood loss (mL) 64±19 289±102 0.059

Preoperative blood exam

White blood cells (counts/μL) 6,356±309 6,375±820 0.983

C-reactive protein (mg/dL) 0.5±0.1 0.7±0.5 0.679

IL-6 (ng/mL) undetectable undetectable -

Albumin (g/dL) 3.9±0.1 3.7±0.1 0.246

Galectin-3 (ng/mL) 2.8±0.4 4.4±0.7 0.045

Values are expressed as mean ± SE. POC; postoperative complications, BMI; body mass in-

dex, ASA; American Society of Anesthesiologists, JSCCR; Japan Society for Cancer of the Co-

lon and Rectum

Table　2　Details of postoperative complications

Clavien-Dindo 
grading

Postoperative complications n

I Superficial SSI 2

II Minor anastomotic leakage 1

Intraabdominal abscess 1

IIIa Deep SSI 1

Adhesional small bowel obstruction 1

IIIb Major anastomotic leakage 2

Adhesional small bowel obstruction 1

Intraabdominal abscess 1

SSI: surgical site infection

tive CRC surgery.

Materials and Methods

Subjects

This single-institutional prospective study from Janu-

ary 2014 to December 2015 was conducted at the Depart-

ment of Surgery of Nippon Medical School Chiba Hoku-

soh Hospital. Thirty-five patients with CRC with elective

primary tumor resection were included in this study. An-

tibiotic prophylaxis was administered for all patients. Pa-

tients under eighteen years old, having ongoing infec-

tion, preoperative chemotherapy and/or radiation ther-

apy, or severe organ dysfunction were excluded from this

study. The approach of surgery, open or laparoscopic was

determined by patient factors and the surgeons’ decision.

The study was performed based on the standards of the

Helsinki Declaration. This study protocol was approved

by the Ethics Committee of the institution (approval no.

562).

Postoperative complications were categorised by the

Clavien-Dingo grading system22. Complications of grade

�I occurring before the end of the individual follow-up

period of 30 days postoperatively were defined as POC

in this study. The included patients (n=35) were divided

into either group based on the presence (POC group, n=

10) or absence (no-POC group, n=25) of POC. Related

clinical data were collected at chart review.

Blood Collection and Measurements

Blood samples were collected from the antecubital vein

before (pre) and immediately after surgery (post), and on

1, 3, 5, and 7 postoperative days (POD) in the morning.

White blood cell count, C-reactive protein (CRP), and al-

bumin levels were routinely monitored at the institu-

tional laboratory. The detection limit of CRP was 0.02

mg/dL. The serum was extracted by centrifugation at

2,000×g for 10 min at 4℃ and stored at −80℃. Blood

galectin-3 and interleukin (IL)-6 levels were analysed by

commercially available kits (DuoSet ELISA, R&D Sys-

tems, Minneapolis, MN, USA) at all the stated time
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Fig.　1　Perioperative changes in blood galectin-3 levels in patients without 

(no-POC; open circles) and with POC (POC; closed circles). The data 

are expressed as mean ± SE. *P<0.05 vs. the no-POC group at the same 

time point.

POC; postoperative complication, pre; preoperative, post; immediately 

after surgery, POD; postoperative day.

points.

Statistics

Data were expressed as mean ± standard error (SE).

Continuous variables were compared by Student’s t-tests

and Mann-Whitney U tests, and discrete variables were

compared by χ2 and Fisher’s exact tests. Correlations

were analysed using Spearman’s tests. To identify the

cut-off of perioperative galectin-3 in terms of POC, analy-

sis of receiver operating characteristic (ROC) curve was

performed. If the P value was <0.05, it was considered to

be statistically significant. All statistics were performed

using R, version 3.1.0 (Vienna, Austria).

Results

Baseline Characteristics of Patients

The clinical characteristics of the 35 patients are shown

in Table 1. The POC group had a significantly longer

surgical duration (P=0.046) and tended to have greater

intraoperative blood loss (P=0.057) than the no-POC

group. No significant differences were observed in preop-

erative WBC, CRP, and albumin concentrations between

the two groups, but galectin-3 levels were significantly

higher in the POC group than the no-POC group (P=

0.045). Preoperative IL-6 levels were undetectable in both

groups.

Among the patients with POC, six had complications

�grade III and four with grade IIIb complications re-

quired re-operations. Details of POC are shown in Table

2. The median time to POC diagnosis was POD5 (range:

3―16).

Perioperative Changes in Galectin-3

Patients in the POC group showed a significant in-

crease of preoperative galectin-3 levels than the no-POC

group (Table 1). Galectin-3 levels increased immediately

after surgery in both groups and then recovered (Fig. 1).

Galectin-3 levels immediately after surgery were signifi-

cantly higher than preoperative levels in both groups,

while levels in the POC group were significantly higher

than the no-POC group throughout all perioperative pe-

riods.

Perioperative Inflammatory Responses

The perioperative changes in pro-inflammatory mark-

ers, including WBC, CRP, and IL-6, are summarized in

Table 3. Preoperative WBC and CRP levels were equiva-

lent in the POC and no-POC groups, but both parame-

ters were significantly higher in the POC group on POD

5 and 7. However, no significant differences in IL-6 levels

were observed throughout the entire perioperative pe-

riod, because of the high degree of individual variation.

Evaluation of Galectin-3 as a Predictive Marker for

POC

ROC curve analyses of blood galectin-3 levels pre,

post, and on POD1 versus POC are shown in Figure 2.

Levels at all three time points showed relatively high

predictive potentials for POC (>0.7 of the area under the

ROC curve (AUC)). Among these, the POD1 value

showed the best predictive performance (cut-off: 3.18 pg/

mL, AUC: 0.868, 95% confidence interval [CI]: 0.745―
0.991), with a sensitivity and specificity of 68.0% and 90.0

%, respectively.
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Discussion

The results of this study demonstrate that high pe-

rioperative blood galectin-3 levels are associated with

POC after CRC surgery. We also showed that surgical

stress transiently increased blood galectin-3 levels imme-

diately after surgery, with gradual recovery of levels

thereafter.

Galectins comprise a group of evolutionarily conserved

proteins present in vertebrates, invertebrates, and fungi23.

Fifteen mammalian galectins have been discovered to

date, all including a characteristic CRD of about 130

amino acids, through which they can bind β-galactosides.

Galectin-3 is classified in the chimera-type group, with a

C-terminal CRD and a large N-terminal protein-binding

domain24. The distribution of galectin-3 is wide-range

throughout the body, including in the digestive and uro-

genital tracts, lungs, and heart. Also, galectin-3 is abun-

dantly expressed in myeloid cells (monocytes, macro-

phages, dendritic cells, neutrophils) and in epithelial and

endothelial cells25,26. It is located predominantly in the cy-

toplasm, and can be secreted extracellularly following

stimulation with various agents such as lipopolysaccha-

ride, under both physiological and pathophysiological

conditions. Extracellular galectin-3 is involved in various

functions, including immunity against pathogens and in

both acute and chronic inflammation25. Recent studies

have demonstrated that galectin-3 can recognize micro-

bial structures as a pathogen-recognition receptor, as well

as having pro-inflammatory properties eliciting infiltra-

tion of neutrophils and other immune cells, and that it

can also be released as a DAMP. Regarding its role as a

DAMP, Mishra et al.21 recently reported that galectin-3

was released in the lungs of mice in a Francisella novicida

lethal sepsis model, and elicited neutrophil infiltration,

inflammatory cytokine release, vascular injury, and the

release of various inflammatory mediators from neutro-

phils.

Blood galectin-3 level has been broadly applied as a

biomarker in a number of inflammatory diseases, such as

cancers, heart failure, stroke, rheumatoid arthritis, and

sepsis9,19,20,23,24,27. Mueller et al.24 reported an approximately

2.7-fold increase in blood galectin-3 levels in human sep-

sis than healthy controls. Oever et al.23 also reported that

galectin-3 levels were higher in patients with infections

(viral respiratory infections, bacterial sepsis, and candi-

daemia) than controls or patients with non-infectious in-

flammatory diseases (gout or autoinflammatory syn-

drome). The ability of galectin-3 to segregate between an

infection and non-infectious inflammation is superior to
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Fig.　2　Receiver operating characteristic curve analyses of blood galectin-3 levels versus 

POC.

POC; postoperative complication, pre; preoperative, post; immediately after sur-

gery, POD; postoperative day, AUC; area under the curve, CI; confidence interval

CRP; but, galectin-3 could not segregate between bacte-

rial and Candida sepsis. Interestingly, galectin-3 levels

were 2-fold higher in patients with Gram-negative than

Gram-positive infections, though the difference was not

significant 23. The immunological characteristics of

galectin-3 may explain the postoperative increase in

blood levels in patients with POC in the current study.

Notably, nine of the 10 patients with POC had infectious

complications. Furthermore, Gram-negative enterobacte-

ria, such as Enterococcus faecalis, Escherichia coli, and Pseu-

domonas aeruginosa, are known to be isolated predomi-

nantly from surgical site infections and could be respon-

sible for causing inflammation26.

The early detection of POC would aid clinical decision-

making and provide significant opportunities to achieve

better patient outcomes. Pro-inflammatory and immu-

nological blood biomarkers have recently received much

attention in relation to their abilities to predict POC after

CRC surgery12―16. CRP is used routinely as a pro-

inflammatory marker to monitor postoperative condition,

and has been widely reported to predict POC after CRC

surgery14,28,29; however, its best predictive potential is

based on levels measured on POD3 or 414,28,29, which is

relatively late for effective interventions given the usual

diagnostic period for POC (POD 5 in our study cohort).

Retting et al.15 recently reported that higher IL-6 blood

levels on POD1 provided the best predictive value for

POC after major abdominal surgery compared with CRP,

tumor necrosis factor-α, and leukocyte count. However,

the predictive potential of IL-6 on POD1 in the current

study was relatively low (AUC: 0.67) compared with that

for galectin-3 (AUC: 0.868). Neither CRP nor IL-6 levels

demonstrated any predictive value in our study cohort.

It should be noted that the significant difference of

blood galectin-3 levels was observed preoperatively,

which could imply an important and intrinsic patho-

physiological difference between the two groups. The

POC group had a slight increase of preoperative CRP

levels (but not statistically significant) without any evi-

dence of infection. This result suggested that patients in

the POC group were preoperatively under “low-grade

chronic inflammation condition”, which is associated

with dormant pathological conditions, such as visceral

obesity, arteriosclerosis, and diabetes mellites. These dis-

ease conditions are reported to have higher blood levels

of galectin-3 than control patients30,31. The preoperative

low-grade chronic inflammation condition could be a

trigger for an exaggerated hyperinflammation induced

by surgical stress and result in the occurrence of POCs32,33.

The results of our study offer several potential clinical

benefits. In the case of patients with blood galectin-3 lev-

els below the cut-off value, surgeons can be reassured
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that POC are unlikely to occur, thus allowing immediate

patient discharge. In contrast, higher galectin-3 levels can

alert surgeons to the possibility of POC at an early stage,

allowing the patient to be reassessed and managed ac-

cordingly.

This observational study had certain limitations: 1) this

was a single-institution study with a small cohort of pa-

tients, which may have affected the predictive potential

of the marker to discriminate between the presence and

absence of POC; 2) POD1 blood samples were collected

at different times after surgery, because the starting time

of surgery varied; 3) the degree of surgical stress may

differ among different procedures.

In conclusion, surgical stress may increase blood

galectin-3 levels and high perioperative blood galectin-3

levels may be associated with POC after CRC surgery.

Future studies with larger sample sizes are warranted to

clarify the predictive value of galectin-3, its role in the

pathophysiology of POC, and its potential in terms of

therapeutic interventions for POC.
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