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Abstract. Soluble mannose receptor (sMR) and soluble 
haemoglobin scavenger receptor (sCD163) are macrophage 
activation markers which have previously been demonstrated 
to be increased in patients with inflammation, auto‑immunity 
and malignancies. To investigate the clinical diagnostic and 
prognostic significance of preoperative serum sMR and 
sCD163, the present study investigated 143 gastric cancer 
(GC) patients, 66 subjects with benign gastric disease and 
59 healthy controls, using an ELISA assay. Preoperative 
serum levels of sMR and sCD163 ranged from 0.165 to 
0.885 µg/ml (median=0.374 µg/ml) and from 0.291 to 
1.760 µg/ml (median=0.628 µg/ml) in GC patients, respec-
tively. The expression levels of sMR and sCD163 were elevated 
compared with all controls (P<0.0001). Receiver operating 
characteristic analyses suggested that the optimum diagnostic 
cut-offs for sMR and sCD163 were 0.3405 µg/ml [area under 
curve (AUC) 0.7284, sensitivity 61.54%, and specificity 
73.60%] and 0.6645 µg/ml (AUC 0.7766, sensitivity 53.85%, 
and specificity 86.40%), respectively. Notably, the measure-
ment of serum sMR and sCD163 levels in conjugation, 
markedly enhanced the diagnostic accuracy (AUC 0.8490, 
sensitivity 70.63% and specificity 84.00%). Preoperative serum 
sMR and sCD163 levels correlated significantly with serum 
carcinoembryonic antigen, CA199, CA724 and CA125 concen-
trations in GC patients (P<0.05), however this association was 
not observed with sMR and CA724. High preoperative serum 

sMR and sCD163 levels correlated significantly with shorter 
overall survival (P=0.0041; P<0.0001, respectively) and were 
demonstrated to act as adverse prognostic factors (P=0.006; 
P<0.001, respectively). Furthermore, preoperative serum sMR 
and sCD163 levels correlated positively with the degree of 
lymphatic and distant metastasis of GC. In conclusion, preope-
rative serum sMR and sCD163 may be novel diagnostic and 
prognostic markers for GC and further studies are required 
in order to elucidate the underlying molecular mechanisms of 
sMR and CD163 in the development and progression of GC.

Introduction

Gastric cancer (GC), a highly heterogeneous disease, is one 
of the most frequent malignancies and the second leading 
cause of cancer-related death worldwide (1). Currently, GC 
still presents high rates of morbidity and mortality in China as 
before (2). Despite many advances in new therapeutic strate-
gies, such as surgery combined molecular targeted therapy, 
has been successfully used for GC, the five‑year survival rate 
of advanced GC still remains unsatisfactory. The poor survival 
is mainly ascribed to late detection. Commonly, patients with 
locally advanced GC when diagnosed may experience a high 
risk of recurrence (3). Thus, it is widely shared that early detec-
tion is an efficient way to improve the prognosis of GC (4). 
Traditional markers such as CEA, CA199, CA724 and CA125 
are frequently used for GC diagnosis, predicting prognosis, 
and monitoring postoperative recurrence. Unfortunately, these 
markers could not take both sensitivity and specificity into 
consideration at the same time in GC detection, particularly 
in early stage GC diagnosis. Therefore, exploration of novel 
tumor markers for GC is extremely urgent.

Mannose receptor (MR) is commonly expressed in 
selected populations of macrophages and dendritic cells (DCs) 
and mediates the phagocytosis of pathogens and further 
anti-pathogenic microorganism immunity by recognition the 
pathogen associated molecular patterns (PAMPs) (5). MR 
expressed on lymphatic endothelium takes part in the adhe-
sion of several cancer cells to lymphatic endothelium and 
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facilitates lymphatic metastasis (6). Currently, the presence of 
serum soluble mannose receptor (sMR) has been successfully 
identified (7). Serum levels of sMR are remarkably elevated 
in infectious diseases, sepsis and critical illness (8,9). For 
malignancy, serum sMR increased in patients with multiple 
myeloma and is demonstrated as an independent marker for 
overall survival (10). These inspiring results support that 
serum sMR may be a novel serum tumor marker. CD163, a 
monocyte-macrophage scavenger receptor, together with MR, 
are regarded as macrophage-activation markers. CD163 is 
described to remove the redundant free hemoglobin by recog-
nition hemoglobin-haptoglobin complex in human body (11). 
Then, functions of anti-inflammatory and anti-pathogenic 
microorganism of CD163 have been identified (12). Soluble 
CD163 (sCD163) is generated by proteolytic cleavage of 
membrane protein and then shed into serum or tissue fluid 
as a soluble form (13). Some papers have been reported that 
serum sCD163 is increased in the inflammatory and critical 
diseases (9,14). Strikingly, serum sCD163 is highly expressed 
in several malignancies, including liver cancer, ovarian cancer, 
leukemia and multiple myeloma, and sCD163 is identified 
as negative prognostic factors for these cancers (15-18). As 
promising biomarkers, serum sCD163 and sMR in detection as 
well as evaluating prognosis of GC patients are unfortunately 
absent. In this study, we will investigate the potential of preop-
erative serum levels of sCD163 and sMR in diagnosis and 
prognosis of GC patients and expect the results will benefit 
GC patients in clinic.

Materials and methods

Clinical samples. We recruited 143 patients with gastric 
cancer (GC), 66 subjects with benign gastric disease (BGD), 
and 59 healthy controls (HCs) from the Jingmen First People's 
Hospital between March 2012 and June 2013. All subjects 
were recruited consecutively. Serum samples were stored 
at ‑80˚C until they were analyzed. The median age of the GC 
patients was 64 (range 35-89) years. Among them, 24 patients 
suffered early GC and 119 patients suffered advanced GC. The 
median age of the BGD patients was 59 (range 24-87) years. 
Among them, 17 patients had non-atrophic gastritis, 9 patients 
had atrophic gastritis, 23 patients had benign gastric ulcer, 
14 patients had polyp and 3 patients had gastric adenoma. The 
median age of the healthy controls was 63 (range 31-84) years. 
Circulating CEA, CA199, CA125 and CA724 levels were 
determined by electro-chemiluminescence immunoassay 
(ECLIA). The normal reference values in this study were as 
follows: CEA≤4.7 ng/ml, CA199≤39.0 U/ml, CA125≤35 U/ml, 
CA724≤6.9 U/ml. Clinical parameters for GC patients were 
acquired from hospitalization records. The clinical stage for 
GC patients was diagnosed according to the criteria established 
by American Joint Committee on Cancer in 2010 (12). All of 
the subjects with GC and BGD were determined by endoscopy 
and confirmed by biopsy. Each healthy control was submitted 
to a routine physical examination, and all of the results were 
in the normal range. Additionally, all cases of subjects with 
EBV-positive test results, severe infections, known allergic 
disease, other malignancies, and poor performance status 
were excluded from the present study. Data collection and 
subsequent analyses were conducted by two independent 

researchers. The study was approved by the Research Ethics 
Committee of Jingmen First People's Hospital, and informed 
consent was obtained from all participants, in agreement with 
the institutional guidelines.

Enzyme‑linked immunosorbent assay (ELISA). Soluble MR 
(sMR) and soluble CD163 (sCD163) in human serum were 
detected using standard sandwich ELISA. Briefly, 96-well 
microplates were coated with 100 µl of anti-MR goat poly-
clonal antibody (pAb, Santa Cruz Biotechnology, Inc., CA, 
USA) or anti-CD163 rabbit polyclonal antibody (pAb, Santa 
Cruz Biotechnology, Inc., CA, USA) at a final concentration of 
0.2 and 1.0 µg/ml, respectively, and incubated overnight at 4˚C. 
The plates were washed three times with phosphate-buffered 
saline (PBS) containing 0.05% Tween-20 (PBST, PH 7.4), 
and the wells were blocked with blocking buffer at 37˚C for 
90 min. Subsequently, 100 µl of undiluted serum from patients 
and healthy individuals was added to the wells in duplicate. As 
a negative control, 100 µl of PBS without antibody was used. 
Each plate was incubated at 37˚C for 90 min. Subsequently, 
the plates were washed three times using PBST, and 100 µl 
of anti-MR mouse monoclonal antibody (mAb, Abcam, Inc., 
UK) diluted to a concentration of 0.5 µg/ml or anti-CD163 
mouse monoclonal antibody (mAb, Abcam, Inc., UK) diluted 
to a concentration of 1.0 µg/ml was added. The plates were 
incubated at 37˚C for 90 min. After washing, 100 µl of pero‑
xidase-conjugated anti-mouse antibody (ZSGB-BIO) diluted 
to a concentration of 0.5 µg/ml was added for 60 min at 37˚C. 
Subsequently, the plates were washed three times and incu-
bated with 3,3',5,5'-tetramethy-lbenzidine (TMB, TIANGEN 
BIOTECH CO, LTD.) at 37˚C for 30 min. Finally, the reac-
tion was stopped by adding 2.0 mol/l H2SO4. The optical 
density (OD) was measured on a microplate reader at a wave-
length of 450 nm. For standardization, the standard curve was 
constructed by plotting the optical density (X) of the standards 
at 450 nm against the concentration (Y) of the standards. A 
second‑order polynomial equation was used to fit the stan-
dards, and the quantitative sMR and sCD163 concentrations 
were determined by comparing the optical density values with 
the standard curve.

Statistical analysis. Differences between count data were 
confirmed by χ2 test or corresponding continuity correc-
tion. The non-parametric Mann-Whitney U test was used 
to determine the statistical significance between the two 
groups. The statistical significance among more than two 
groups was determined with the Kruskal-Wallis nonpara-
metric test. Receiver operating characteristic (ROC) analysis 
was performed to evaluate the diagnostic value of serum 
markers in GC. Area under curve (AUC) is a parameter which 
represents the diagnostic potential of tumor markers in ROC 
analysis. The optimal serum cut-off values were calculated 
using the maximum sum of the sensitivity and specificity. The 
logistic regression model was used to combine the results from 
serum levels of sMR and sCD163 to enhance the accuracy. 
Correlations of two parameters were evaluated by using the 
non‑parametric Spearman rank correlation coefficient test. 
Overall survival (OS) was defined as the time from surgery 
to the last follow-up or death of any cause. Survival curves 
were plotted using the Kaplan-Meier method, and group 
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differences in survival times were assessed by log-rank test. 
Cox proportional hazards models were used to assess the 
correlations of clinical variables with survival. Cox regression 
analysis was performed at both the univariate and multivariate 
levels. P<0.05 was considered to indicate a statistically signifi-
cant difference. All statistical analyses were performed using 
GraphPad Prism5 (GraphPad Software, Inc., San Diego, CA) 
and SPSS statistics software (version 17.0, Chicago, IL, USA).

Results

Preoperative serum sMR and sCD163 concentrations on 
ELISA were significantly higher in GC patients than in all 
controls. To evaluate the diagnostic potential of sMR and 
sCD163 for GC, we detected preoperative serum concen-
trations of sMR and sCD163 in patiens with GC, BGD, 
and HCs. Additionally, we also reviewed serum levels of 
CEA, CA199, CA724 and CA125 as controls. In this study, 
preoperative serum levels of sMR ranged from 0.165 to 
0.885 µg/ml (median=0.374 µg/ml) in GC patients, from 
0.145 to 0.512 µg/ml (median=0.282 µg/ml) in BGD patients, 
and from 0.125 to 0.501 µg/ml (median=0.250 µg/ml) in 
HCs. The preoperative serum levels of sCD163 ranged from 
0.291 to 1.760 µg/ml (median=0.628 µg/ml) in GC patients, 
from 0.244 to 0.908 µg/ml (median=0.430 µg/ml) in BGD 
patients, and from 0.208 to 0.726 µg/ml (median=0.430 µg/ml) 
in HCs. Serum sMR and sCD163 levels in GC patients were 
significantly elevated compared with BGD patients and HCs 
(P<0.0001; Fig. 1A, B). Strikingly, there was no statistical 
significance in serum sMR and sCD163 levels between HCs 
and BGD patients (P=0.2865; Fig. 1A, P=0.1164; Fig. 1B, 
respectively). Further, serum levels of CEA, CA199, CA724 
and CA125 in GC were significantly higher compared with 
that in HCs and BGC group (P<0.05), but the serum levels 
of CA125 between GC and BGD patients is a exception in 
present study (P=0.1839) (Fig. 1C-F).

Preoperative serum sMR and sCD163 displayed higher diag‑
nostic potential than CEA, CA199, CA125 and CA724 for GC. 
ROC analysis is an important methods using to compare the 
predictive ability as well as acquire optimal discriminated 
value for cancer diagnosis. Since preoperative serum sMR and 
sCD163 levels in GC patients were significant elevated than 
those of BGD patients and HCs and may be novel markers 
for GC diagnosis, we reasonably conducted a ROC analysis to 
evaluate the diagnostic capacity of serum sMR and sCD163. 
In current study, ROC curves for GC patients suggested 
that the optimum diagnostic cut-off for serum sMR was 
0.3405 µg/ml (AUC 0.7284, sensitivity 61.54%, and speci-
ficity 73.60%) relative to all controls (Fig. 2A). For sCD163, 
the optimum diagnostic cut-off was 0.6645 µg/ml (AUC 
0.7766, sensitivity 53.85%, and specificity 86.40%) (Fig. 2A). 
Strikingly, measurement of serum sMR and sCD163 together 
obviously enhanced the diagnostic accuracy for GC vs. all 
controls (AUC 0.8490, sensitivity 70.63%, and specificity 
84.00%) (Fig. 2A). According to current cut-off values, the 
positive rates of serum sMR, sCD163, and together of them 
for GC diagnosis were 61.54, 53.85, and 65.73%, respectively 
(Fig. 2B). In order to compare the predictive power of serum 
sMR and sCD163 with traditional markers, we performed 

ROC analyses for serum CEA, CA199, CA125 and CA724. 
For single diagnosis, CA724 was apparently superior to CEA, 
CA199 and CA125 with AUC of 0.7403, but was inferior to 
sCD163 (Fig. 2C). Then, the combined prediction of CEA and 
CA724 showed the highest diagnostic potential with AUC of 
0.7979 in any kinds of two markers combination, which was 
similarly lower than sMR and sCD163 combination (Fig. 2D). 
Further, any kinds of combined detection of three or four tumor 
markers obviously increased diagnostic ability, however, that 
were inferior to sMR and sCD163 combination (Fig. 2E, F). As 
displayed in Table I, the combination of sMR and sCD163 for 
GC diagnosis is also associated with better diagnostic param-
eters (accuracy, PPV and NPV) than traditional GC markers.

Preoperative serum levels of sMR and sCD163 correlated 
significantly with serum CEA, CA199, CA724 and CA125 
concentrations in GC patients. Then, we evaluated the rela-
tionships of preoperative serum sMR and sCD163 expression 
with traditional GC markers. As shown in Table II, the serum 
levels of sMR in GC patients correlated significantly with 
the CEA levels with a Spearman correlation coefficient of 
0.202 (P=0.016). Similarly, serum levels of sMR were asso-
ciated remarkably with CA199 and CA125 (r=0.216, P=0.010; 
r=0.187, P=0.025, respectively). Contrary to the above results, 
serum levels of sMR displayed no association with the concen-
trations of CA724, with a Spearman correlation coefficient of 
0.032 (P=0.704). Further, significant correlations were identi-
fied between the serum levels of sCD163 and CEA, CA199, 
CA125, and CA724 (r=0.307, 0.204, 0.356, and 0.165; P=0.002, 
P=0.015, P<0.0001 and P=0.049, respectively).

Preoperative serum sMR and sCD163 concentrations exhi
bited significant associations with major clinical variables, 
such as TNM stage, survival status. We next investigated the 
relationships of preoperative serum levels of sMR and sCD163 
with age, sex, tumor size, differentiation, T stage, N stage, 
M stage, clinical stage, CEA, CA199, CA125, CA724 and 
dead status by using χ2 test. As shown in Table III, serum sMR 
expression in GC patients exhibited significant associations 
with T stage (P=0.004), N stage (P=0.022), M stage (P=0.034), 
Clinical stage (P=0.003), CEA (P=0.001), CA199 (P=0.016) 
and vital status (P=0.010). However, no differences in serum 
sMR levels were identified on the basis of age, sex, tumor size 
and differentiation. Further, serum sCD163 expression in GC 
patients displayed remarkably associations with differentia-
tion (P=0.011), T stage (P<0.001), N stage (P<0.001), M stage 
(P=0.003), Clinical stage (P<0.001), CEA (P=0.020), CA199 
(P=0.023) and vital status (P=0.001). Unfortunately, no signifi-
cant correlations were indentified for serum sCD163 expression 
according to age, sex, tumor size, CA125 and CA724.

High expression of preoperative serum levels of sMR and 
sCD163 correlated significantly with shorter overall survival. 
In current study, all GC patients were followed up with longest 
follow-up period of 40 months. According to currently estab-
lished cut-off values for sMR and sCD163, high expression 
of preoperative serum sMR and sCD163 exhibited shorter 
OS in GC patients (P=0.0041; Fig. 3A, P<0.0001; Fig. 3B, 
respectively). Consequently, we stratified GC patients into four 
subgroups based on sMR and sCD163 simultaneously. High 
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expression of serum sMR as well as sCD163 simultaneously 
revealed obviously shorter OS and significant difference was 
identified between four subgroups (P=0.0003; Fig. 3C). Then, 
we reviewed the correlations of serum levels of CEA, CA199, 
CA125 and CA724 with OS. Positive expression of CEA, 
CA199, CA125, CA 724 also showed significantly shorter 
OS in GC patients (P=0.0289; Fig. 4A, P=0.0003; Fig. 4B, 
P=0.0122; Fig. 4C, P=0.0368; Fig. 4D, respectively). Taken as 

a whole, these findings suggest that preoperative serum sMR 
and sCD163 may be useful prognostic factors for GC.

Preoperative serum sMR and sCD163 were adverse prog‑
nostic markers for GC patients. To further assess the impact 
of several clinical variables on the OS of GC patients, we 
conducted univariate and multivariate Cox regressions  
(Table IV). Univariate analysis revealed that pathological 

Figure 1. Preoperative serum sMR, sCD163, CEA, CA199, CA125 and CA724 concentrations in three groups. Preoperative serum levels of sMR (A), 
sCD163 (B), CEA (C), CA199 (D), CA724 (E), and CA125 (F) in three groups. Each point represents the serum sMR, sCD163, CEA, CA199, CA125 or CA724 
level of one sample. The horizontal line indicates the median level. HC, healthy control; BGD, benign gastric disease; GC, gastric cancer.

Figure 2. Diagnostic potential of preoperative serum levels of sMR, sCD163, CEA, CA199, CA125 and CA724 in GC detection. (A) ROC curves for sMR, 
sCD163 and the combination of them for GC patients vs. all controls. (B) Positive rates of sMR, sCD163 and the combination of them for GC patients vs. all 
controls. (C) ROC curves for single of CEA, CA199, CA125 and CA724 for GC patients vs. all controls. (D) ROC curves of combined determination for two 
of CEA, CA199, CA125 and CA724 for GC patients vs. all controls. (E) ROC curves of combined determination for three of CEA, CA199, CA125 and CA724 
for GC patients vs. all controls. (F) ROC curves for combined determination of CEA, CA199, CA125 and CA724 for patients with GC vs. all controls. ROC, 
receiver operating characteristics; AUC, area under curve.
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grade (P=0.013), clinical stage (P<0.001), CEA (P=0.034), 
CA199 (P<0.001), CA724 (P=0.027), sMR expression 
(P=0.006), and sCD163 expression (P<0.001) were all signifi-
cantly associated with OS. However, age, sex, tumor size and 
CA125 were not significant with OS (P>0.05). Further multi-
variate analysis based on Cox proportional hazards models 
demonstrated that only clinical stage [hazard ratio (HR)=0.173, 
95% confidence interval (95% CI)=0.071‑0.417, P<0.001] and 
CA199 (HR=0.412, 95% CI=0.209-0.811, P=0.010) persisted 
as independent prognostic factors. Our findings indicate that 
preoperative serum sMR and sCD163 were adverse prognostic 
markers for GC patients.

Preoperative serum sMR and sCD163 may be important 
factors facilitated lymphatic and distant metastasis of GC. 
In order to evaluate the associations of preoperative serum 

sMR and sCD163 levels with lymphatic or distant metastasis 
in GC, we compared preoperative serum sMR and sCD163 
expression in lymphatic or distant metastasis cohort with 
non-lymphatic or distant metastasis cohort. The sMR expres-
sion in the lymphatic metastasis cohort was increased relative 
to the non-lymphatic metastasis cohort (P=0.0261, Fig. 5A). 
Similar results was obtained for sCD163 expression (P<0.0001, 
Fig. 5B). Serum sMR level in the distant metastasis cohort 
was increased compared to the non-distant metastasis cohort 
(P=0.0034, Fig. 5C) and the similar results was obtained for 
sCD163 expression in the distant metastasis cohort than in 
non-distant metastasis cohort (P<0.0001, Fig. 5D).

Discussion

The current study investigated the potential utility of preope-
rative serum sMR and sCD163 in the diagnosis and prognosis 
of GC. Preoperative serum sMR and sCD163 levels were 
significantly increased and appeared to be highly prognostic 
of survival in GC patients. Both sMR and sCD163 correlated 
remarkably with major clinical variables, especially with CEA, 
CA199, CA125, and CA724. High expression of preoperative 
serum sMR and sCD163 were associated with high risks of 
lymphatic and distant metastasis as well as unfavorable prog-
nosis. These interesting results indicate that serum sMR and 
sCD163 may be novel biomarkers for GC.

In the present study, in agreement with the results of 
accepted GC markers, such as CEA, CA199, CA125, and 
CA724, increased serum sMR and sCD163 levels were 
demonstrated. Unfortunately, the mechanisms that affect the 
serum levels of sMR and sCD163 in patients with GC remain 

Table II. Correlations of preoperative serum sMR and sCD163 
levels with CEA, CA199, CA125, and CA724 concentrations, 
respectively.

 sMR sCD163
 ------------------------------------ -------------------------------------
Variable r P-value r P-value

CEA 0.202 0.016 0.307 0.0002
CA199 0.216 0.010 0.204 0.015
CA125 0.187 0.025 0.356 <0.0001
CA724 0.032 0.704 0.165 0.049

Table I. Diagnostic parameters of serum sMR, sCD163, CEA, CA199, CA125, and CA724 in detection of GC.

Variable AUC  Sen (%) Spe (%) Acc (%) PPV (%)  NPV (%) Pos LR Neg LR

sMR 0.7284 61.54 73.60 67.16 72.73 62.59 2.33 0.62
sCD163 0.7766 53.85 86.40 69.03 81.91 62.07 3.96 0.53
sMR+sCD163 0.8490 70.63 84.00 76.87 83.47 71.43 4.41 0.35
CEA(A) 0.7062 62.24 72.00 66.79 71.77 62.50 2.22 0.52
CA199(B) 0.6178 33.57 93.60 61.57 85.71 55.19 5.25 0.71
CA125(C) 0.5873 44.76 88.00 64.92 81.01 58.20 3.73 0.63
CA724(D) 0.7403 59.44 83.20 70.52 80.19 64.20 3.54 0.49
A+B 0.7351 65.03 76.00 70.15 75.61 65.52 2.71 0.46
A+C 0.7105 49.65 86.40 66.79 80.68 60.00 3.65 0.58
A+D 0.7979 55.24 92.00 72.39 88.76 64.25 6.91 0.49
B+C 0.6678 83.22 16.00 51.87 53.13 45.45 0.99 1.05
B+D 0.7611 62.94 83.20 72.39 81.09 66.24 3.75 0.45
C+D 0.7465 53.85 92.00 71.64 88.50 63.54 6.73 0.50
A+B+C 0.7385 58.04 82.40 69.40 79.05 63.19 3.30 0.51
A+B+D 0.7987 55.24 93.60 73.13 90.8 64.64 8.60 0.48
A+C+D 0.7973 58.04 91.20 73.50 88.30 65.52 6.60 0.46
B+C+D 0.7710 61.54 87.20 73.51 84.62 66.46 4.81 0.44
A+B+C+D 0.8028 58.74 92.00 74.25 89.36 66.91 7.34 0.45

AUC, area under curve; Sen, sensitivity; Spe, specificity; Acc, accuracy; PPV, positive predictive value; NPV, negative predictive value;  
Pos LR, positive likelihood ratio; Neg LR, negative likelihood ratio.
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elusive. Macrophages are widely recognized as mediator for 
several physiological processes, such as chronic inflammatory 
reaction and immune response, as well as facilitator for cancer 
invasion, migration and metastasis. The hemoglobin scavenger 
receptor CD163, a membranin acting as specific macrophage 
activation marker, is commonly upregulated by the stimulation 

of interleukin-6 (IL-6), interleukin-10 (IL-10), glucocorticoid, 
and macrophage colony-stimulating factor (13). Inflammatory 
stimulation, cooperation with the participation of lipopolysac-
charide (LPS), metalloprotease and inflammatory medium, 
and activation of Toll-like receptors, could collectively 
attribute to the shedding of CD163 from surface membrane 

Table III. Correlations between preoperative serum sMR and sCD163 levels with major clinical variables.

 Serum sMR (µg/ml) Serum sCD163 (µg/ml)
 ---------------------------------------------- ----------------------------------------------
 Low High  Low High
Variables (n=55) (n=88) P (n=66) (n=77) P-value

Age, years   0.628   0.243
  <60  16 29  24 21
  ≥60   39 59  42 56
Sex   0.221   0.523
  Male 41 57  47 51
  Female 14 31  19 26
Tumor size, cm   0.628   0.085
  ≤5 39 59  50 48
  >5 16 29  16 29
Differentiation   0.714   0.011
  Well/Moderate 29 37  38 28
  Poor 26 51  28 49
T stage   0.004   <0.001
  T1+T2 23 17  31   9
  T3+T4 32 71  35 68
N stage   0.022   <0.001
  N0 26 25  42   9
  N1-N3 29 63  24 68
M stage   0.034   0.003
  M0 53 75  65 63
  M1   2 13    1 14
Clinical stage   0.003   <0.001
  Ⅰ+Ⅱ 34 32  51 15
  Ⅲ+Ⅳ 21 56  15 62
CEA   0.001   0.020
  Negative 48 55  55 58
  Positive   7 33  11 29
CA199   0.016   0.023
  Negative 51 68  60 59
  Positive   4 20    6 18
CA125   0.078   0.191
  Negative 54 78  63 69
  Positive   1 10    3   8
CA724   0.663   0.363
  Negative 40 61  51 50
  Positive 15 27  15 27
Vital status   0.010   0.001
  No 46 56  56 46
  Yes   9 32  10 31
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and subsequently appear in serum as a soluble form (19). 
The expression of serum sCD163 is justifiably considered as 
a reflection of the degree of inflammatory response. There 
has a certain similarity between the biological behavior of 
anti‑inflammation and anticancer immunity. Thus, increased 
serum sCD163 in GC patients may be partially ascribed to 
the response of anti cancer immunity. MR, co-expression on 
macrophages with CD163, may experience similar mecha-
nism of shedding in the process of anticancer immunity and 
subsequently regulates the serum levels of soluble pattern. 
Additionally, MR and CD163 expression on cancer focus may 
also affect their corresponding soluble form which needs 
further study to verify in detail.

Then, we investigated the potential of preoperative serum 
sMR and sCD163 to discriminate GC patients from non-GC 
controls and compared the diagnostic ability of them with 
traditional GC markers. For single detection, serum sMR and 
sCD163 all exhibited medium diagnostic accuracy. Notably, 
the diagnostic ability was remarkably enhanced when they 
combined. Preoperative serum CEA, with similar sensitivity 
to CA724, is generally greater than serum CA199 in GC 
prediction (20). The positive rate of serum CA125 in GC 

patients is relatively low. However, as a predictor of peritoneal 
dissemination of GC, serum CA125 is more ideal than CEA 
or CA199 (21,22). In present study, diagnostic power was 
decreased from CA724, CEA, CA199 to CA125 in order which 
was consistent with paper recently reported (23). Then, the 
predictive potential of sCD163 is greater than CA724, whereas 
sMR is less than CA724. Combined detection of several tumor 
markers which are complementary with each other is regard as 
an efficient way to improve diagnostic value (24). Strikingly, 
the predictive power of serum sMR and sCD163 in combina-
tion is apparently better than any kinds of combination of 
CEA, CA199, CA125 and CA724 in this study. Therefore, it 
might be assumed that preoperative serum serum sMR and 
sCD163 are novel GC detective markers which are superior to 
traditional markers.

Traditionally, serum levels of CEA, CA199, CA125, 
together with CA724 are common worse prognostic factors 
for GC (24,25). In our study, similar results were obtained. 
Recently, serum sMR and sCD163 were determined as adverse 
prognostic factors in several malignancies (15,16). In agree-
ment with these interesting finding, the increased expression 
of serum sMR and sCD163 in GC correlated significantly with 

Figure 3. Correlations of preoperative serum sMR and sCD163 levels with overall survival (OS). Preoperative serum levels of sMR (A), sCD163 (B) and their 
subgroups (C) correlated significantly with OS.

Table IV. Univariate and multivariate analyses of various clinical variables in gastric cancer patients based on OS.

 Univariate analysis Multivariate analysis
 ------------------------------------------------------------------------ ----------------------------------------------------------------------
Clinical variables HR (95% CI) P-value HR (95% CI) P-value

Age (<60 vs. ≥60 years) 1.100 (0.561‑2.157) 0.782 1.259 (0.604‑2.625) 0.540
Sex (male vs. female) 1.611 (0.854-3.040) 0.141 0.681 (0.337-1.377) 0.258
Tumor size (≤5 vs. >5 cm) 0.621 (0.333‑1.158) 0.134 0.690 (0.336‑1.300) 0.251
Grade (G1+G2 vs. G3) 2.420 (1.205-4.857) 0.013 0.651 (0.299-1.267) 0.243
Clinical stage  6.771 (2.833-16.18) <0.001 0.173 (0.071-0.417) <0.001
(Ⅰ+Ⅱ vs. Ⅲ+Ⅳ)
CEA (N vs. P) 0.503 (0.266-0.948) 0.034 1.144 (0.544-2.405) 0.723
CA199 (N vs. P) 3.297 (1.694-6.419) <0.001 0.412 (0.209-0.811) 0.010
CA125 (N vs. P) 1.976 (0.772-5.060) 0.156 0.853 (0.308-2.364) 0.760
CA724 (N vs. P) 2.013 (1.081-3.748) 0.027 0.601 (0.321-1.125) 0.112
sMR (low vs. high) 2.803 (1.335-5.886) 0.006 0.604 (0.273-1.336) 0.213
sCD163 (low vs. high) 3.759 (1.827-7.734) <0.001 0.667 (0.280-1.584) 0.359

HR, hazard ratio; CI, confidence interval; N, negative; P, positive. 
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shorter OS and were identified as adverse prognostic markers 
in univariate analyses based on Cox proportional hazards 
models. Meanwhile, clinical stage, CEA, CA199, and CA724 

were simultaneously verified as prognostic factors for GC as 
previously mentioned (26). As adverse prognostic markers, the 
molecular pathways of MR and CD163 to promote occurrence 

Figure 5. Correlations of preoperative serum sMR and sCD163 levels with lymphatic and distant metastasis in GC patients. Preoperative serum levels of 
sMR (A) and sCD163 (B) correlated significantly with lymphatic metastasis. Preoperative serum levels of sMR (C) and sCD163 (D) correlated significantly 
with distant metastasis. The horizontal lines indicate the inter-quartile range. sMR, Soluble mannose receptor; sCD163, soluble haemoglobin scavenger 
receptor; GC, gastric cancer.

Figure 4. Correlations of preoperative serum CEA, CA199, CA125 and CA724 levels with overall survival (OS). Preoperative serum levels of CEA (A), 
CA199 (B), CA125 (C), and CA724 (D) correlated significantly with OS.
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and development of cancers are absent. Therefore, further 
studies are needed to make some exploration.

In present study, the increased expression of preoperative 
serum sMR and sCD163 were displayed dramatically posi-
tive correlations with lymphatic and distant metastasis in GC 
patients. Early lymphatic metastasis of GC to regional lymph 
nodes is a highly critical event linked with further distant 
metastasis as well as inferior prognosis (27). Therefore, we 
speculate that elevated serum levels of sMR and sCD163 corre-
lated with shorter survival may be attributed to participation in 
GC metastasis. MR expressed on lymphatic endothelial cells 
mediates the adhesion of tumor cells to lymphatic endothelium 
which contribute to the pivotal step for lymphatic metastasis. 
Certainly, MR is identified as a facilitator for lymphatic 
spread of many cancers in vitro and in vivo (6,28). Regardless 
of lacking of relationship between CD163 and GC lymphatic 
metastasis, the interesting results of this study inspire us to 
explore the important role of MR and CD163 in GC metastasis 
in further study.

In conclusion, this is the first study to report sMR and 
sCD163 as valuable biomarkers for diagnosis and prognosis 
of GC. Further studies are needed to explore the molecular 
mechanisms of sMR and sCD163 in the development and 
progression of GC in vivo and in vitro.
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