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Abstract. Dendritic cells (DCs) are important in tumor 
immunology. Identifying DC subset markers in the peripheral 
blood, which are informative for gastric cancer stages, is not 
only useful for prognosis but may also provide mechanistic 
insights into processes facilitating therapy. The present study 
investigated plasmacytoid dendritic cells (pDCs) and myeloid 
CD1c+ dendritic cells (mDC1s) in the peripheral blood of patients 
with gastric cancer and healthy controls using flow cytometry. 
Using peripheral DC staining and subset analysis, patients 
with gastric cancer were identified to have substantially higher 
numbers of peripheral pDCs and mDC1s. In addition, there was 
a trend of elevated circulating pDCs with advanced stages and 
lymph node metastasis in gastric cancer, whereas no differences 
in circulating mDC1s were observed among the various groups. 
The results suggested that circulating pDCs are a positive 
prognostic indicator in patients with gastric cancer of different 
stages and highlighted the critical role of pDCs immunity in 
the development of gastric cancer.

Introduction

Gastric cancer is one of the leading causes of cancer‑associated 
mortality in the developing world. Accumulating evidence 
indicates that dendritic cells (DCs) are important in tumor 
immunology, including that of gastric cancer  (1). Certain 
DC‑associated inflammatory factors are useful in predicting 
the prognosis of gastric cancer (2). For example, CD83+ DC 
cells in primary lesions and regional lymph nodes are inversely 
correlated with the prognosis of gastric cancer (3), and periph-
eral HLA‑G‑expressing DC‑10 cells are elevated in patients 
with gastric cancer (4). In addition, the infiltration of certain 
DC subsets in gastric cancer tissue has been shown to correlate 
with 5‑year survival rate (5,6). Several clinical trials have used 

DC‑based anti‑gastric cancer therapy strategies (7). Human DC 
cells can be divided into four subsets according to the expres-
sion of specific markers: CD303+ plasmacytoid DCs (pDCs), 
CD1c+ classical myeloid DCs (cDCs/mDCs), CD141+ classical 
myeloid DCs (cDCs/mDCs) and inflammatory DCs (8). The 
improved characterization of different DC subsets is likely to 
provide novel avenues for their tumor therapeutic regulation.

pDCs are a multifunctional subset of bone marrow‑derived 
immune cells, which produce interferons (IFNs) and act as 
antigen‑presenting cells (9). High pDC infiltration has been 
observed in several types of cancer, including melanoma, head 
and neck cancer, breast cancer, ovarian cancer and prostate 
cancer, with infiltrated pDCs being involved in tumor promo-
tion and inhibition, which may depend on their maturity/gene 
expression  (9,10). In addition, peripheral pDCs have been 
reported to show prognostic relevance in certain types of 
cancer. For example, patients with late‑stage breast cancer had 
significantly lower levels of circulating pDCs (11) and patients 
suffering from prostate cancer showed a marked reduction 
in circulating pDCs  (12). However, there are few reports 
concerning circulating pDCs in gastric cancer.

The aim of the present study was to investigate the pres-
ence and distribution of circulating pDCs and CD1c+ DCs in 
patients with gastric cancer. The results showed that patients 
with gastric cancer had increased numbers of circulating pDCs 
and CD1c+ DCs. In addition, there was a trend toward elevated 
circulating pDCs with advanced cancer stage and lymph node 
metastasis.

Materials and methods

Human subjects. A total of 32 patients with gastric cancer 
were recruited from Zhongnan Hospital of Wuhan University 
(Wuhan, China). The patients had no other tumors, trauma, infec-
tious diseases or autoimmune diseases. They had not received 
radiotherapy, chemotherapy or immunotherapy. In addition, 
35 healthy volunteers were recruited as controls. The age range 
of those recruited was 43‑78 years, with an average age of 
56 years. Peripheral blood samples were collected from the two 
groups. All participants signed informed consent and the study 
was approved by the Ethical Committee of Wuhan University 
(permit no. 2010‑10007).

Peripheral DC staining and subset analysis. The fresh hepa-
rinized blood samples were processed within 2 h following 
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collection according to the protocol of the human blood 
dendritic cell enumeration kit (Miltenyi Biotec, Inc., Auburn 
CA, USA). Briefly, the procedure was as follows: An aliquot 
(300 µl) of the blood sample was stained with 20 µl anti‑BDCA 
cocktail and PE‑Cy7‑conjugated anti‑PD‑L1 or isotype 
control. Following incubation with dead cell detector and red 
blood cell lysis solution, the cells were washed and fixed for 
subsequent flow cytometric analysis (BD FACSAria™ III flow 
cytometer; BD Biosciences, Franklin Lakes, NJ, USA). A total 
of 105 events in the leukocyte gate were collected.

Absolute enumeration of periphery leukocytes and DC 
subsets. The absolute number of leukocytes was determined 
by a hemocytometer (XT‑1800i; Sysmex Europe, Norderstedt, 
Germany). The absolute number of each DC subset per 
ml of blood was calculated as follows: percentage of DC 
subset x number of leukocytes per ml blood.

Statistical analysis. All values are expressed as the 
mean ± standard derivation. Student's t‑test was used to compare 
two groups and a one‑way analysis of variance (ANOVA) 
followed by Tukey's post‑hoc test was used to compare multiple 
groups. P<0.05 was considered to indicate a statistically 
significant difference. The software used was Graphpad Prism 
version 5 (GraphPad Software, Inc., La Jolla, CA, USA).

Results

Number of peripheral leukocytes is increased in patients 
with gastric cancer. In order to calculate the absolute number 

of DC subsets, the number of peripheral leukocytes was 
first determined. It was found that there were a significantly 
increased number of peripheral leukocytes in the patients 
with gastric cancer, compared with that in the healthy controls 
(10.48±2.46 vs. 5.48±1.08x106/ml blood; Fig. 1A). There was no 
significant difference in the number of leukocytic cells between 
the tumor‑node‑metastasis (TNM) I+II and TNM III+IV groups 
(10.73±2.89 vs. 10.29±2.14x106/ml blood; Fig. 1B) or the lymph 
node negative and lymph node metastasis groups (10.30±3.10 
vs. 10.56±2.19x106/ml blood; Fig. 1C) in patients with gastric 
cancer. The clinical and pathological characteristics of the 
patients with gastric cancer are shown in Table I.

Peripheral pDCs and mDC1s are elevated in patients with 
gastric cancer. To investigate the role of DCs in gastric 
cancer, the present study evaluated two DC subsets using 
flow cytometric analysis and the gating strategy, as shown 

Table I. Clinical and pathological characteristics of patients 
with gastric cancer.

Characteristic	 Subcategory	 Number

Age (years)	 >60	 17
	 ≤60	 15
Sex	 Male	 24
	 Female	 8
TNM stage	 I	 5
	 II	 9
	 III	 9
	 IV	 9
Primary tumor	 T1	 2
	 T2	 9
	 T3	 12
	 T4	 9
Lymph node metastasis	 Negative	 10
	 Positive	 22
Distant metastasis	 Negative	 26
	 Positive	 6
Histology	 Adenocarcinoma	 25
	 Signet ring cell carcinoma	 7

TNM, tumor‑node‑metastasis.

Figure 1. Number of leukocytes in the peripheral blood of different human 
groups. (A) Patients with gastric cancer and control group. (B) Patients 
with gastric cancer stage TNM I+II, stage TNM III+IV and control group. 
(C) Patients with LN‑neg gastric cancer, metastatic (LN‑pos) gastric cancer 
and control group. ***P<0.001. TNM, tumor‑node‑metastasis; LN, lymph 
node; neg, negative; pos, positive.
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in Fig. 2. The pDCs were identified as SSClow/‑CD14low/‑C
D19low/‑BDCA‑2+ (Fig.  2A‑C), whereas the mDC1s were 
identified as SSClow/‑CD14low/‑CD19low/‑BDCA‑1+ (Fig. 2A‑C). 
The expression of PD‑L1 in the pDCs and mDC1s in gastric 
cancer was also examined. It was found that the majority of 

pDCs did not express PD‑L1 (Fig. 2D), whereas the mDC1s 
population showed partial expression of PD‑L1 (Fig. 2E). 
Of note, there was a significant increase in the percentage 
and number of pDCs in the peripheral leukocytes from the 
patients with gastric cancer, compared with those from the 

Figure 2. Reprehensive flow cytometric analysis of blood cells and DC subsets. (A) Forward scatter and side scatter dot plot of blood cells with P1 (circled) 
region gated to exclude debris and platelets. (B) P2 region (red) was gated on P1 to further exclude B cells, monocytes, granulocytes and dead cells. (C) P3 region 
(blue) was gated on P2 to determine BDCA‑1+ mDC1 subset and P4 region (orange) was gated on P2 to determine BDCA‑2+ pDC subset. (D) BDCA‑2+ pDC 
subset and PD‑L1 analysis of P2 population. (E) BDCA‑1+ mDC1 subset and PD‑L1 analysis of P2 population. pDC, plasmacytoid dendritic cell; mDC, myeloid 
dendritic cell.

Figure 3. Quantitation of pDC and mDC1 subsets in the peripheral blood of patients with gastric cancer and controls. (A) Percentage of pDCs in the leukocytes. 
(B) Absolute number of pDCs. (C) Percentage of mDC1s in the leukocytes. (D) Absolute number of mDC1s. **P<0.01; ***P<0.001. pDCs, plasmacytoid dendritic 
cells; mDC, myeloid dendritic cell.
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Figure 4. Quantitation of pDC and mDC1 subsets in the peripheral blood of patients with gastric cancer at different TNM stages. (A) Percentage of pDCs in the 
leukocytes. (B) Absolute number of pDCs. (C) Percentage of mDC1s in the leukocytes. (D) Absolute number of mDC1s. *P<0.05; **P<0.01; ***P<0.001. pDCs, 
plasmacytoid dendritic cells; mDC, myeloid dendritic cell; TNM, tumor‑node‑metastasis.

Figure 5. Quantitation of pDC and mDC1 subsets in the peripheral blood of patients with gastric cancer with different LN metastasis status. (A) Percentage 
of pDCs in the leukocytes. (B) Absolute number of pDCs. (C) Percentage of mDC1s in the leukocytes. (D) Absolute number of mDC1s. *P<0.05; **P<0.01; 
***P<0.001. pDCs, plasmacytoid dendritic cells; mDC, myeloid dendritic cell; LN, lymph node; neg, negative; pos, positive.
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healthy controls (0.42±0.23 vs.  0.31±0.10%; 43.57±24.25 
vs.  17.72±6.64x103/ml; Fig.  3A and  B). Similarly, the 
percentage and number of mDC1s was significantly higher 
in the patients with gastric cancer, compared with that in 
the healthy controls (0.73±0.45 vs. 0.49±0.14%; 72.49±39.99 
vs. 28.91±10.10x103/ml; Fig. 3C and D).

Enrichment of peripheral pDCs in patients with gastric cancer 
at advanced stages. The present study further analyzed the 
peripheral pDCs and mDC1s in patients with different stages 
of gastric cancer. Notably, an increase in peripheral pDCs was 
found as follows: Healthy controls <TNM I+II <TNM III+IV 
groups (0.31±0.10 vs. 0.34±0.17 vs. 0.48±0.24%, respectively; 
and 17.72±6.64 vs.  37.02±23.13 vs.  48.66±24.51x103/ml, 
respectively; Fig.  4A and B). Although certain trends did 
not show statistical significance, the percentage and absolute 
number of pDCs was significantly higher in the TNM III+IV 
group, compared with that in the healthy controls. In addition, 
there were significantly elevated peripheral mDC1 cell 
percentages (0.72±0.41, vs. 0.74±0.49%; Fig. 4C) and mDC1 
cell numbers (70.16±22.37, vs. 74.29±50.25x103/ml; Fig. 4D) 
in the TNM I+II and TNM III+IV groups, compared with the 
healthy controls, respectively.

Enrichment of peripheral pDCs in patients with gastric 
cancer with lymph node metastasis. To further investigate 
the changes of pDCs and mDC1s during tumor invasion, 
the present study analyzed the peripheral pDCs and mDC1s 
of patients with different lymph node metastasis status. It 
was observed that peripheral pDCs increased as follows: 
Healthy controls <lymph node negative group <lymph node 
metastasis group in terms of the percentage (0.31±0.10 
vs. 0.36±0.20 vs. 0.45±0.24%; Fig. 5A) and number (17.72±6.64 
vs. 39.20±26.86 vs. 45.55±23.36x103/ml; Fig. 5B) of pDCs. 
Certain trends were not statistically significant, however, the 
percentage and absolute number of pDCs were significantly 
higher in the lymph node metastasis group, compared with 
those in the healthy controls. No significant differences 
were found in peripheral mDC1 cell percentages (0.72±0.45 
vs. 0.76±0.47%; Fig. 5C) or mDC1 cell numbers (73.52±45.47 
vs. 70.22±25.99x103/ml; Fig. 5D) between the lymph node 
metastasis and negative groups.

Discussion

The present study indicated that patients with gastric cancer 
had markedly higher numbers of peripheral pDCs and mDC1s. 
pDCs were identified as SSClow/‑CD14low/‑CD19low/‑BDCA‑2+. 
Huang  et  al  reported pDCs as Lin‑ HLA‑DR+CD11c‑

CD123high (13). Although using different surface markers to 
detect pDCs, the results of these two studies showed a higher 
proportion of circulating pDCs in patients with gastric cancer, 
compared with that in healthy controls. Defining circulating 
pDCs as positive prognostic indicators for gastric cancer is 
likely to enable easier prediction of disease course without 
biopsies and also provide useful information on the control of 
cancer by the immune system.

It has been shown that the pDCs infiltrated in the tumor 
microenvironment are mainly immature, and appear to be 
predominantly immunosuppressive/tolerogenic  (14). The 

increased circulating pDCs in patients with gastric cancer may 
also have an important immunosuppressive role. However, the 
data obtained in the present study showed the circulating pDCs 
in patients with gastric cancer did not express PD‑L1, which 
is important in the immunosuppression of gastric cancer (15). 
Further investigations involving sorting of the pDCs and anal-
ysis of their inflammatory cytokine profile, including IFNs 
and interleukin‑10, and function in vitro are likely to provide 
additional clues. In addition, it has been reported that properly 
activated pDCs can trigger an antitumor response  (16,17), 
therefore, modifying circulating pDCs may be a potentially 
useful gastric cancer therapeutic strategy.

The present study provided evidence that circulating pDCs 
were positively correlated with advanced stages and lymph 
node metastasis in gastric cancer. Although the increase of 
pDCs in advanced stages and the lymph node metastasis of 
gastric cancer were not statistically significant, the trends 
were observed, compared with those of mDC1s. It has been 
reported that pDCs may have a pathological role in metastasis. 
pDCs have been shown to be accumulated in positive (with 
metastasis) sentinel lymph nodes in melanoma (18). In mouse 
models of breast cancer bone metastasis, the depletion of 
pDCs inhibited tumor growth and prevented metastasis (19). 
Therefore, the data in the present study provide a rationale for 
investigating pDCs in the metastasis of gastric cancer.

In conclusion, the present study suggested that circulating 
pDCs can be a positive prognostic indicator in patients with 
gastric cancer of different stages. The future characterization 
of pDCs is likely to shed light on the systemic understanding 
of pDC immunity in the development of gastric cancer.
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