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Abstract. The programmed death receptor 1/programmed 
death receptor ligand 1 axis (PD‑1/PD‑L1) is involved in 
tumor immune escape and is a potential prognostic biomarker 
and anti‑tumor immunotherapy target in patients with gastric 
cancer (GC). However, the results of studies obtained in recent 
years have been inconsistent. The present study aimed to 
determine the possible predictive significance of PD‑L1 in 
conjunction with three proteins linked with PD‑L1 regulation 
in patients with primary GC. In the present study, the PD‑L1, 
human epidermal growth factor receptor 2 (HER2), cluster 
of differentiation (CD)133 and microphage‑associated CD68 
expression levels were identified by multiplexed immunohis‑
tochemistry and assessed by automated pathological analysis 
system in 93 GC tumors and neighboring normal tissues 
arrayed on the same tissue microarray. All four proteins were 
statistically analyzed in relation to the clinicopathological 
characteristics. The expression levels of HER2, CD133 and 
CD68 were considerably higher in cancer tissues compared 
with neighboring normal tissues (P<0.05), however, the 
reverse trend was detected for PD‑L1 expression (P=0.0577), 
particularly in tumor nest (TN; P<0.05). There was no signifi‑
cant correlation between the HER2 and CD133 expression 
levels and clinicopathological factors. However, significant 
relationships were found between PD‑L1 expression and the 
TNM stage, pathological differentiation and survival status 
of patients (P<0.05). Moreover, survival time was prolonged 

in individuals with elevated PD‑L1 expression in TN and GC 
tissues, but no significant correlation was identified (P=0.0881). 
The CD68 expression level in tumor stroma, but not in TN, 
was significantly correlated with poor pathological differentia‑
tion in patients with GC (P<0.05). However, PD‑L1+CD68+ 
macrophages were strongly related to lower tumor size (diam‑
eter <5 cm), early TNM stage (stage I+II), good pathological 
differentiation and overall survival in TN (P<0.05). In conclu‑
sion, PD‑L1+CD68+ macrophage infiltration in TN might be 
a potential indicator of prognosis in patients with primary GC 
and merits further investigation.

Introduction

Gastric cancer (GC) is the most prevalent malignant tumor 
of the digestive tract, with over 1 million new cases identi‑
fied annually and China accounts for ~50% of the global GC 
incidence (1). Despite a decline in incidence and mortality 
worldwide during the last five years, GC remains a serious 
public health concern in China and across the globe  (2). 
Therefore, prevention and new therapeutic strategies are 
urgently needed.

At present, it is widely believed that the occurrence of GC 
results from a combination of cytogenetic variation accumula‑
tion and tumor immune evasion (3). The programmed death 
receptor 1/programmed death receptor ligand 1 (PD‑1/PD‑L1) 
axis is crucial for tumor immune escape and PD‑L1 overexpres‑
sion is predictive of poor prognosis (4‑6). Immune checkpoint 
inhibitors (ICIs) targeting PD‑1/PD‑L1 are often used to 
treat patients with advanced GC and PD‑L1 overexpression. 
However, increasing evidence has suggested contradictory 
findings (7‑12). Therefore, the usefulness of PD‑L1 expression 
in GC patient prognosis requires additional investigation.

PD‑L1 is extensively expressed in several cell types, 
including tumor cells and activated immune cells associated 
with tumors, such as dendritic cells (DCs), macrophages and 
monocytes. Studies have reported that the prognosis in patients 
with tumors is not only related to PD‑L1 expression but also 
to the tumor microenvironment (TME) immune cells, espe‑
cially in tumor‑infiltrating T cells (TILs) (13‑15). Increasing 
evidence demonstrates that tumor‑associated macrophages 
(TAMs) are one of the most important immune cells in TME 
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and serve crucial roles in tumor occurrence and progression. 
Macrophages in TME can secret cytokines to regulate immune 
response against cancer through the PD1/PD‑L1 axis of tumor 
cells or immune cells. Therefore, macrophages in combina‑
tion with PD‑L1 may be a potential prognosis indicator of 
patients with GC. However, studies of GC in this area are still 
limited and the results obtained are inconsistent. This may be 
related to macrophage plasticity, spatial distribution and the 
methods used to evaluate PD‑L1 expression. Based on this 
consideration, in the present study, mIHC combined with an 
automated pathological analysis system was used to quantify 
the expression and spatial distribution of PD‑L1 and cluster 
of differentiation (CD)68, a biomarker of pan‑microphages, in 
primary GC and paired adjacent normal tissues. In addition, 
to optimize PD‑L1‑based prognostic biomarkers in patients 
with GC, two other proteins, human epidermal growth factor 
receptor 2 (HER2) and CD133, closely related to the regulation 
of PD‑L1 expression, were also evaluated in this study (16).

Materials and methods

Patient characteristics. The HStnA180Su17 tissue microarray 
(TMA; Xinchao Company) consisted of paired gastric adeno‑
carcinoma tissues and neighboring normal tissues (≥5 cm from 
tumor tissues) derived from 94 patients with GC, of which a 
cohort of 83 cases with integral information and 10 cases with 
censored data (gastric adenocarcinoma tissues only, no adja‑
cent normal tissues) was taken into final analyses. One case 
lost with multi‑cutting was excluded. Patients had had surgery 
between March 2007 and February 2008 and follow‑up 
information was provided between March 2007 and July 2011. 
Prior to the operation, patients did not receive routine radio‑
therapy or chemotherapy treatments. The Institutional Ethics 
Committee of the First People's Hospital of Yunnan Province 
approved the research (approval no.  KHLL2019‑KY037). 
Every process was carried out under regulations (17). Table I 
summarizes the clinicopathological features of patients.

Samples and TMA preparation. Based on the pathological 
diagnosis of each tissue, TMAs were produced. At least two 
independent pathologists examined formalin‑fixed, dehy‑
drated, paraffin‑embedded hematoxylin and eosin (H&E) 
stained tumor and nearby normal tissue samples. For fixation, 
cut tissue blocks were fixed in 4% paraformaldehyde (PFA) at 
a volume ratio of 1:7 tissue block to 4% PFA for 24 h. The fixed 
tissues were dehydrated with graded alcohol (30 min each in 
85, 90 and 100% ethanol) and cleared with xylene for 20 min. 
Tissue was placed in a mold with paraffin wax. Subsequently, 
the mold is moved to a bench at ‑10˚C. The paraffin wax solidi‑
fied rapidly and the tissue was fixed in it. The representative 
tumor regions of each donor block were then identified. Next, 
1 mm diameter core cylinders were punched from each of 
these regions and placed in a recipient paraffin block to create 
TMAs. Finally, 4 mm‑thick TMA sections were sliced and 
mounted on slides coated with poly‑L‑Lysine for multiplexed 
immunohistochemistry (mIHC) analysis.

Fluorescent mIHC of TMA. For mIHC labeling, the antibody 
concentrations for HER2 (1:200; cat. no. BX50015; PerkinElmer, 
Inc.), PD‑L1 (1:200; cat. no. BX00005; PerkinElmer, Inc.), 

CD133 (1:100; cat. no.  86781; Cell Signaling Technology, 
Inc.) CD68 (1:1,500; cat. no. BX50031; PerkinElmer, Inc.) 
were optimized and a spectrum library was constructed using 
single‑stained slides. Then, using the PANO 7‑plex IHC kit (cat. 
no. 0004100100, Panovue), multiplex multispectral imaging of 
the identified proteins and immunofluorescence staining were 
performed on a single TMA slide. The slides were heated for 
≤1 h at 60˚C in a dry oven and deparaffinized three times for 
10 min using xylene. The slide was rehydrated in a sequence 
of 100, 95 and 85% alcohols to distilled water. After washing 
for 5 min in distilled water, antigen retrieval was conducted in 
citrate buffer (pH 6.0) for 15 min using microwave treatment 
and cooled to room temperature. After washing and blocking 
with a 3% H2O2 blocking solution for 10 min, the slide was 
stained with the primary antibody. The Opal Polymer HRP 
Ms+Rb Kit (PerkinElmer, Inc.) was used for detection after 
overnight incubation at 4˚C with each primary antibody. 
The slide was then treated with a 1:100 dilution of tyramide 
(TSA)‑conjugated fluorophore (TSA Fluorescence Kit; 
Panovue). The TSA was then vacuumed off and the slide was 
washed twice with 1X TBST for 3 min before the subsequent 
staining step. For each additional marker, the procedure was 
repeated by microwave heat‑treating the slide for retrieving 
antigen, followed directly by one primary antibody staining 
in each cycle, ordered as HER2, CD133, PD‑L1 and CD68, 
respectively and then by the aforementioned downstream 
procedures. After labeling all human antigens, nuclei were 
counterstained with 4'‑6'‑diamidino‑2‑phenylindole (DAPI; 
cat. no. D9542; MilliporeSigma).

Multispectral imaging and scoring multispectral images. 
At x20 magnification, ≤5 non‑overlapping image fields were 
collected for each slide using the Vectra system (PerkinElmer, 
Inc.) and processed using inform softwarev2.3.0 (PerkinElmer, 
Inc.). Briefly, tissue autofluorescence and each fluorescein 
spectra were extracted from unstained and single‑stained 
sections images, respectively. The extracted images were 
then used to create a spectrum library for images of sections 
with autofluorescence removed. For scoring, the expression of 
CD68, CD133, HER2 and PD‑L1 levels were assessed using 
H‑score as previously described (18).

Human protein atlas database (HPA) and gene expression 
profiling interactive analysis database analysis (GEPIA). 
HPA and GEPIA are two online databases. The PD‑L1 expres‑
sion levels in cellular components of GC tissues and link 
with 5‑year survival were analyzed using the Human Protein 
Atlas (HPA) website (http://www.proteinatlas.org). GEPIA 
(http://gepia.cancer‑pku.cn) is an online database making 
gene expression profiling and interactive analyses with cancer 
and normal samples. In the present study, GEPIA was used 
to verify the correlation between PD‑L1 and CD68 protein 
levels and the link with disease‑free survival of primary GC 
patients. The Spearman correlation statistical method was 
used to calculate the correlation coefficient.

Statistical analysis. The Mann‑Whitney U test determined the 
expression differences of the four detected proteins in studied 
specimens. Clinical correlation was calculated by Spearman 
analysis. The Kaplan‑Meier analysis assessed overall survival 
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(OS) rates and the log‑rank test was performed to plot survival 
curves. Statistical analyses were performed with GraphPad 
Prism 6 (GraphPad Software; Dotmatics) and SPSS 22.0 (IBM 
Corp.).

Results

Demographics characteristics. There were 71 male patients 
with an average age of 66±10 years and 22 female patients 
with an average age of 64±11 years. Other basic information 
about patients, such as sex, pathological differentiation, lymph 
nodes, TNM stages and survival status, is listed in Table I. 
Statistical analysis of the clinical variables showed no signifi‑
cant correlation between either age or sex and lymph node 
metastasis (LNMs), survival rate, pathological differentiation, 
or TNM stage of patients with GC (P>0.05). Pathological 
differentiation and tumor size were significantly correlated 
with the LNMs and TNM stages of patients. However, there 
was no statistically significant difference in the OS of the 
patients (P>0.01).

Differential expression of the potential proteins between 
the tumor tissues and adjacent normal tissues. HER2, 
CD133 and PD‑L1 antigens were mainly expressed on 
the cell membrane, particularly CD133 expression on 

glandular‑luminal tumor cell membrane surface (luminal 
expression, L‑type), but CD68 is found in both the cell 
membrane and cytoplasm (Fig.  1). Statistical analysis 
revealed that the HER2, CD133 and CD68 expression 
levels were considerably greater in tumor tissues than in 
surrounding normal tissues (P<0.05), while no substan‑
tial link was observed for PD‑L1 expression (P=0.0560; 
Fig. 2A). The spatial distribution revealed that the CD133, 
HER2 and CD68 expression levels were greater in TN and 
tumor stroma (TS) than in the neighboring normal tissues 
(P<0.05). In contrast, PD‑L1 expression was consider‑
ably lower in TN of tumor tissues than in adjacent areas 
of normal tissue, although no significant difference was 
observed in TS. (Fig. 2B and C). In addition, although the 
proportion of double‑positive and triple‑positive antigens is 
low, there is also a significant difference in the expression 
level between cancer and adjacent normal tissues (Table II).

Correlation of the detected proteins expressed in GC tissues. 
The correlation analysis showed that the PD‑L1 and CD68 
and HER2 and CD68 expression were positively correlated in 
both the whole tumor tissue and the TN (P<0.01). In the TS, 
only the HER2expression was positively correlated with CD68 
(P<0.01), while no significant correlation was found between 
the expression of PD‑L1 and CD68 (P>0.05; Table II).

Figure 1. Representative mono‑ and multi‑color overlapping fluorescence images of the detected proteins in tumor and adjacent normal tissues. 
(A) Representative images of single and multiple staining obtained from normal paracancerous tissues of primary patients with GC. (B) Representative 
images of single and multiple staining obtained from normal paracancerous tissues of tumor tissues of primary patients with GC. Images at 20x magnifica‑
tion. GC, gastric cancer; CD, cluster of differentiation; HER2, human epidermal growth factor receptor 2; PD‑L1, programmed death receptor ligand 1; 
DAPI, 4'‑6'‑diamidino‑2‑phenylindole.
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The relationship between the detected proteins and clinical 
features. Although the CD133 and HER2 proteins expres‑
sion levels were significantly elevated in GC tissues than in 
neighboring normal tissues, there was no significant correla‑
tion between the expression levels of these two proteins in 
tumor tissues and clinical variables such as sex, age, survival 
status, pathological differentiation, TNM stage and LNMs. 
The PD‑L1 expression level had no significant correlation with 
sex and age but had a significant correlation with TNM stage 
and pathological differentiation no matter in whole tumor 
tissues or TN (P<0.05), with a marginally significant asso‑
ciation with survival status in TN (P=0.056) and significantly 
associated with pathological differentiation in TS (Fig. 3A‑C). 
Survival curve analysis revealed that patients with GC with 
high PD‑L1 expression survived longer than those with low 
expression; however, the difference between the two groups 
was not statistically significant (P=0.088; Fig. 4A and B). The 
degree of CD68 expression in TS was substantially associ‑
ated with pathological differentiation of patients with GC 
(P=0.0376), while there was no significant association in TN 
(Fig. 3C). However, PD‑L1+CD68+ macrophages in TN were 
significantly related to tumor size, TNM stages, pathological 
differentiation and survival status (P<0.05; Fig. 3D). To obtain 
support for the results of the present study from clinical 
samples, the correlation of PD‑L1 and CD68 expression 
in tumor tissues from patients with GC was analyzed with 
clinical outcomes using two public online databases (HPA 
and GEPIA). PD‑L1 was expressed on fibroblasts, endothelial 

cells, neutrophils and macrophages of GC tissues (Fig. 5A). 
Moreover, PD‑L1 expression was significantly correlated with 
CD68 (Fig. 5B). Although there was no statistical difference 
between PD‑L1 expression and disease‑free survival (DFS) 
or 5‑year survival, patients with high PD‑L1 expression had 
a prolonged survival compared with patients with low PD‑L1 
expression (Fig. 5C and D). These results are consistent with 
the present study.

Discussion

At present, PD‑L1 expression is an important molecular 
marker for the prognosis of GC and the selection of targeted 
PD‑1/PD‑L1 ICIs  (4‑6). However, the results reported in 
studies are often inconsistent (7‑12). The inconsistent results 
are related to the choice of assays and assessment methods 
in different studies on the one hand and suggest that the 
molecular markers for prognosis of patients with GC based on 
PD‑L1 still need to be optimized on the other hand.

In the present study, mIHC and an automated pathological 
analysis system were applied to detect the expression level 
and spatial distribution of PD‑L1, CD68, CD133 and HER2 in 
tumor tissues of primary patients with GC arranged on TMA 
and its potential prognostic value was explored.

In recent years, mIHC has emerged as an important 
technique in the field of pathology research, allowing for the 
detection of multi‑targets in situ on cell or tissue samples, 
as well as the quantitative pathological analysis of spatial 

Figure 2. Different spatial distribution of HER2, CD133, CD68 and PD‑L1 in gastric cancer tissues and paired adjacent normal tissues of a cohort of 84 patients 
with primary GC. (A) Comparing expression of single stained proteins in whole tissues. (B) Comparing expression of single stained proteins in tumor nests. 
(C) Comparing expression of single stained proteins in stromal areas. All the data were analyzed with the Mann‑Whitney U test. HER2, human epidermal 
growth factor receptor 2; CD, cluster of differentiation; PD‑L1, programmed death receptor ligand 1; GC, gastric cancer.
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localization and quantification of each target and its interac‑
tions in situ on tissue cells (19). In addition, all tissue samples 
in the present study were prepared into TMA, which can 
further reduce the influence of human factors on the results 
during the experimental process.

In the present study, the PD‑L1 expression level in tumor 
tissues was not statistically different from that in adjacent 
normal tissues; nevertheless, PD‑L1 expression was consider‑
ably downregulated in TN relative to normal tissues. PD‑L1 
expression was also associated with a favorable prognosis 
in GC, including early TNM stage, excellent tumor differ‑
entiation and prolonged overall survival. This conclusion 
contradicts earlier evidence that the PD‑L1 expression in 
patients with GC is associated with a worse prognosis (20‑23). 
Indeed, the PD‑L1 expression‑based prognosis in GC remains 
controversial (8,9,22,24). Böger et al (9) revealed that a high 
PD‑1/PD‑L1 expression was strongly related to an improved 
prognosis for patients with GC and PD‑L1 became an inde‑
pendent survivor prognosticator in Western patients. Although 
Asian and non‑Asian GCs have unique tumor immunity 
patterns associated with T‑cell activity, this may affect the 
association between PD‑1/PD‑L1 expression and patient 
survival. Rha et al (8) found that PD‑L1 expression was not 
linked with OS in patients with GC, regardless of whether they 
originated from Asia or the West.

It was hypothesized that those controversial results might 
relate to the means of PD‑L1 detection and assessment 
methods. Not only do tumor cells express PD‑L1, but so do 
immune cells in the TME. Moreover, over the last several 
years, an increasing number of studies have found that PD‑L1 
expressed on immune cells in the TME is closely related to 
patient prognosis (13,25). The present study showed that high 
PD‑L1 expression in TN of tumor tissues and a high number 
of PD‑L1+CD68+ macrophages were significantly associated 
with good prognosis of primary patients with GC. The results 
appear that PD‑L1 expression in cancer cells may not be a 

critical factor in GC and that immune cell deprivation in the 
TME may be a more critical factor in GC occurrence. This 
is also consistent with the study that the combined positive 
score of PD‑L1 scoring systems in GC is more prognostically 
valuable than tumor proportion score (26). However, as CD68 
is an pan‑macrophage marker, which separates at least MI 
and M2 subtypes, which serve different roles in immunity. 
Therefore, more research will be conducted to further explore 
the prognostic potential of macrophage subtypes co‑expressed 
with PD‑L1 in primary patients with GC.

HER2 is an epithelial cell‑expressed ligand‑independent 
receptor tyrosine kinase involved in cell differentiation. HER2 
has been documented to be amplified and overexpressed in a 
variety of human cancers, which is correlated with a worse 
prognosis, higher recurrence rates and shorter OS (27). A 
number of studies established that HER2 controls the abnormal 
expression of PD‑L1 in the stomach and the combination of 
anti‑HER2 and anti‑PD‑1 has proven synergistic anticancer 
effects in animal models (16,28,29). Further studies disclosed 
that dimerization of the HER2 receptor activates two major 
intracellular signaling pathways: the mitogen‑activated protein 
kinase (MAPK) (Ras/Raf/MEK/ERK) and phosphatidylino‑
sitol 3'‑kinase (PI3K)/Akt, inducing cell‑cycle progression, 
proliferation and survival (30‑32). PD‑L1 is a dynamic marker 
that can be expressed constitutively (driven by endogenous 
oncogenic pathways) or in an inducible fashion (motivated 
by exogenous signals)  (33). Constitutive PD‑L1 is mainly 
regulated via MAPK (Ras/Raf/MEK/ERK) and PI3K/Akt 
pathways. Therefore, both molecular routes are involved in 
the HER2 intracellular signaling pathway. Inhibiting these 
routes can regulate PD‑L1 expression, which can modify the 
efficacy of HER2 target treatments (34). Inducible PD‑L1 is 
regulated by extracellular signals such as cytokines, epidermal 
growth factors and hypoxic conditions. Interferon‑γ (IFN‑γ) 
is a cytokine which is known to regulate PD‑L1 expres‑
sion (35). Yamashita et al (26) showed that trastuzumab can 

Table II. Spearman analysis for the correlation of each protein distributed in tumor tissues.

	 CD133	 HER2	 PD‑L1	 CD68
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑-‑‑‑‑‑‑
Measured region 	 Marker	 r	 P‑value	 r	 P‑value	 r	 P‑value	 r	 P‑value

Total 	 CD133	 1.000	 ‑	 0.055	 0.598	 ‑0.161	 0.122	 0.065	 0.534
	 HER2	 0.055	 0.598	 1.000	 ‑	 0.062	 0.555	 0.446	 <0.001
	 PD‑L1	 ‑0.161	 0.122	 0.062	 0.555	 1.000	 ‑	 0.345	 0.001
	 CD68	 0.065	 0.534	 0.446	 <0.001	 0.345	 0.001	 1.000	 ‑
TN 	 CD133	 1.000	 ‑	 0.048	 0.649	 ‑0.162	 0.120	 ‑0.015	 0.884
	 HER2	 0.048	 0.649	 1.000	 ‑	 ‑0.065	 0.537	 0.377	 <0.001
	 PD‑L1	 ‑0.162	 0.120	 0.065	 0.537	 1.000	 ‑	 0.368	 <0.001
	 CD68	 ‑0.015	 0.884	 0.377	 <0.001	 0.368	 <0.001	 1.000	 ‑
TS	 CD133	 1.000	 ‑	 ‑0.009	 0.932	 ‑0.136	 0.193	 0.177	 0.090
	 HER2	 ‑0.009	 0.932	 1.000	 ‑	 0.009	 0.928	 0.480	 <0.001
	 PD‑L1	 ‑0.136	 0.193	 0.009	 0.928	 1.000	 ‑	 ‑0.024	 0.821
	 CD68	 0.177	 0.090	 0.480	 <0.001	 ‑0.024	 0.821	 1.000	 ‑

P<0.05 was considered to indicate a statistically significant difference. TN, tumor nest; TS, tumor stroma; CD, cluster of differentiation; HER2, 
human epidermal growth factor receptor 2; PD‑L1, programmed death receptor ligand 1.
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upregulate PD‑L1 in HER2‑amplified GC cells by interacting 
with NK cells through the secretion of IFN‑γ. Altogether, 
there is a complex regulatory network between HER2 and 
PD‑L1 expression, which is not only affected by the tumor 
cells themselves, but also closely related to the TME (36). The 
relationship between molecular subtypes of GC and PD‑L1, 
HER2 and combined HER2 and PD‑L1 expression, requires 
further investigation.

According to the present study, HER2 expression was 
substantially greater in GC tissues than in nearby normal 
tissues. However, HER2 expression did not correlate signifi‑
cantly with PD‑L1 nor with clinical prognostic parameters in 

the TN. Notably, HER2 expression was significantly linked 
with CD68 expression in the TS and poor tumor differentia‑
tion. This result is in accordance with Chen et al (37) on breast 
ductal carcinoma in situ. The spatial distribution of CD68 in 
GC tissues appeared quite different and associated with clini‑
copathological parameters. For instance, CD68 expression in 
TS was markedly linked with poor tumor differentiation, but 
co‑expression of CD68 with PD‑L1 in TN was significantly 
associated with excellent tumor differentiation. Similar results 
have been observed for a number of tumor types, including 
non‑small cell lung cancer and breast cancer (38,39). Several 
growth factors and proteases important in angiogenesis, 

Figure 3. Correlation analysis of each protein expression with single clinical variables. (A) In the whole tumor tissues, PD‑L1 expression was significantly 
associated with the TNM stages and pathological tissue differentiation. (B) In the TNs, PD‑L1 expression was not only significantly correlated with afore‑
mentioned two clinical parameters, but also with survival status of patients. However, no significant correlation was observed between the other proteins and 
clinical variables of patients. (C) In the TS, both PD‑L1 and CD68 expression was only significantly correlated with pathological differentiation. (D) The levels 
of PD‑L1+CD68+ in the TNs (but not in the TS) were significantly correlated with the patients' tumor size, TNM stage, pathological differentiation and survival 
status. No correlation was found between other protein combinations and clinical variables. Spearman analysis was used to assess the correlation between 
protein expression and clinical variables. PD‑L1, programmed death receptor ligand 1; TN, tumor nest; TS, tumorstroma; CD, cluster of differentiation.
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invasiveness and migration of cancer cells are secreted by 
cancer stromal macrophages, hence supporting cancer devel‑
opment  (40). By contrast, cancer‑associated macrophages 

release cytotoxic cytokines, such as IL‑1a, IL‑1b, IL‑6 and 
TNF‑a, which may inhibit tumor development  (41‑43). 
Therefore, TN macrophages and TS macrophages may have 

Figure 4. Kaplan‑Meier analysis of overall survival with four proteins expression in tumor nest of primary patients with GC. (A) The four markers expressed 
were associated with eight‑year survival status in total cells expressed in TN of 93 primary patients with GC. (B) The four markers expressed were associated 
with eight‑year survival status in total cells expressed in TS of 93 primary patients with GC. GC, gastric cancer; TN, tumor nest; HER2, human epidermal 
growth factor receptor 2; CD, cluster of differentiation; PD‑L1, programmed death receptor ligand 1.
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Figure 5. Online databases used analyze the correlation between the expression of PD‑L1/CD68 and clinical outcomes of patients with GC. Human Protein 
Atlas database analyzed (A) the expression of PD‑L1 in cellular components of GC tissues and (B) the correlation between PD‑L1 expression and patients' 
5‑year survival. Gene Expression Profiling Interactive Analysis2 database analyzed (C) the correlation between the expression of PD‑L1 and CD68 in gastric 
cancer tissue samples (D) and the relationship between PD‑L1 expression and patients' disease‑free survival. PD‑L1, programmed death receptor ligand 1; 
CD, cluster of differentiation; HR, hazard ratio.
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distinct biological activities in relation to tumor growth. 
Moreover, the predictive significance of CD68 in the clinic 
must take into account not only its expression level but also its 
spatial localization. Although the western blotting assay can 
reflect the relative expression of PD‑L1 proteins in the whole 
tumor tissue, it is not able to show spatial differences in TN or 
TS. Therefore, the western blotting method was not used in the 
present study to further validate its results. To obtain support 
for the results of this study from clinical samples, the present 
study analyzed the correlation of PD‑L1 and CD68 expression 
in tumor tissues from patients with GC with clinical outcomes 
using two public databases. The results were consistent with 
the present study.

CD133 is one of the most often used markers for cancer stem 
cells. Mounting evidence has shown that over‑expression of 
CD133 is strongly related to tumor progression, treatment resis‑
tance and tumor recurrence (44‑48). However, the clinical and 
prognostic value of CD133 in GC remains debatable (44,49,50). 
CD133 expression in tumor tissues was much greater than in 
nearby normal tissues, as shown by the present study. However, 
no link between CD133 expression and clinical outcome was 
discovered. Moreover, two types of CD133 expression were 
detected in tumor cells: glandular‑luminal cell membrane 
surface expression (L‑type luminal expression) and cytoplasmic 
expression (C‑type). CD133 expression can be broadly divided 
into two types that have been reported in several tumors (50‑52). 
Hashimoto et al  (50) noted that the expression of CD133in 
C‑type GC cells had a higher malignant potential than that in 
L‑type GC cells. Hashimoto et al (50) reported that the expres‑
sion of CD133 in C‑type GC cells predicted a higher malignant 
potential than in L‑type GC cells. Similar results were also 
observed in hepatocellular carcinoma and rectal cancer (53,54). 
Based on these studies, it was hypothesized that no significant 
association was observed between CD133 and clinical relevance 
because the overall CD133 expression in gastric cancer was 
evaluated without dividing the cases into expression types. As 
the automated pathological analysis system used in the present 
study could not distinguish the two types of CD133 expression 
in cancer cells. Therefore, the prognostic value of CD133 protein 
in GC needs to be further investigated by distinguishing these 
two cell types and correlating them with clinical parameters in 
future studies.

In conclusion, the present study investigated the prognostic 
value of PD‑L1 in combination with CD68, CD133 andHER2 
in primary GC. It was found that PD‑L1+CD68+ macrophage 
infiltration in TN might be a potential indicator of prognosis in 
patients with primary GC which deserves further exploration.
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