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A b s t r a c t

Introduction: Gastric cancer (GC) is one of the leading causes of cancer 
death worldwide. The membrane glycoprotein CD200, widely expressed on 
multiple cells/tissues, uses a  structurally similar receptor (CD200R), deliv-
ering immunoregulatory signals. There is evidence that CD200/CD200R sig-
naling suppresses anti-tumor responses in different types of malignancies. 
Little is known about the CD200/CD200R pathway in GC. The aim of the 
study was to evaluate the frequencies of CD200+ and CD200R+ lymphocytes 
in patients with GC.
Material and methods: Forty patients primarily diagnosed with GC and 20 
healthy volunteers (control group) were enrolled. The viable peripheral blood 
lymphocytes underwent labeling with fluorochrome-conjugated monoclonal 
antibodies and were analyzed using a flow cytometer.
Results: In the GC group, the percentages of T CD3+, CD3+/CD4+, and CD3+/
CD8+ cells expressing CD200 antigen were higher than in the control group  
(p < 0.00013, p < 0.0004, and p < 0.0006, respectively). In the GC group, the fre-
quencies of T CD3+, CD3+/CD4+ and CD3+/CD8+ cells expressing CD200R were 
lower than in the control group (p < 0.0009, p < 0.004, and p < 0.002, respective-
ly). The percentage of B CD19+/CD200+ lymphocytes was higher in GC patients 
than in the control group (p < 0.00005). Lower frequency of B CD19+/CD200R+ 
cells was observed in GC patients compared to the control group (p < 0.0001). 
No differences in the frequencies of CD200+ and CD200R+ lymphocytes were 
found in relation to either UICC stage or histological grading of the tumors.
Conclusions: For GC pathogenesis, deregulation of the CD200/CD200R axis 
is important. High percentages of lymphocytes with CD200 expression may 
contribute to the continuous T cell activation and development of chronic 
inflammation and influence gastric carcinogenesis.
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Introduction

The fourth most prevalent cancer worldwide is gastric cancer (GC), 
and it is the second most common cause of cancer deaths [1]. In the 
past decades, much progress has been made in therapeutic procedures, 
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including surgery, chemotherapy, and radiothera-
py, but the treatment outcomes are still very poor, 
with relatively high mortality compared to other 
gastrointestinal malignancies. Ineffective screen-
ing, late diagnosis, and primary and/or acquired 
resistance to chemotherapy/radiotherapy are the 
most important causes of treatment failure for 
GC. This disease is complex in its biology because 
it arises from different interactions of genetic, 
immunological, environmental, and host factors, 
resulting in high heterogeneity. Therefore, in or-
der to improve the treatment results of GC, under-
standing the biological characteristics at different 
levels is crucial.

At present, the concept of tumor-induced im-
mune deregulation of the host – as one of the 
mechanisms involved in cancer progression – is 
being widely discussed. Various experimental and 
clinical data confirm that immunocompromised pa-
tients are at higher risk of developing cancers [2–4]. 
On the other hand, there is a positive correlation be-
tween the presence of lymphocytes in tumor tissue 
and increased patient survival [5]. In order to evade 
immunosurveillance, tumors develop special mech-
anisms including the loss of tumor antigen expres-
sion, the expression of Fas ligand (Fas-L) or CD200 
[6]. CD200 is a type 1a membrane protein with two 
extracellular Ig superfamily domains, a single trans-
membrane region, and a short cytoplasmic tail [7]. 
It is broadly expressed on a  variety of cell types, 
including T and B lymphocytes [8]. CD200 delivers 
immunoregulatory signals by binding to receptors 
expressed on monocytes/myeloid cells, including 
monocyte-derived dendritic cells, and T lympho-
cytes. Signals delivered via the CD200/CD200R axis 
were shown to play an important role in regulation 
of the anti-tumor immune response. In a number 
of malignancies, overexpression of CD200 was 
found [9–11], and it was suggested that it may play 
a role in invasion and metastases of certain types 
of cancer [12]. In gastric cancer, the possible role 
of CD200 was not studied. The aim of the present 
study was to assess the expression of CD200 and 
CD200R on lymphocyte subsets in peripheral blood 
in patients suffering from gastric cancer compared 
to healthy donors. To the best of our knowledge, 
the present publication is the first to describe the 
mentioned issue. The results of our study may help 
to better understand the immune deregulation in 
GC patients, particularly in the aspect of lympho-
cyte subsets, and to contribute to setting new stan-
dards for cancer immunotherapy in the future.

Material and methods

Patients and healthy controls 

Forty consecutive patients (33 male and 7 fe-
male) treated for primarily diagnosed advanced 

gastric adenocarcinoma, without any previous, 
neoadjuvant treatment, were included in the 
study. The diagnosis of GC was established by 
histopathology of tumor endoscopic biopsies. 
The staging was performed postoperatively using 
Union International for Cancer Control (UICC) TNM 
staging (7th Edition) [13]. The mean age of pa-
tients was 61.85 ±10.07 years (ranging from 40 to  
77 years; median: 63). Peripheral blood (PB) from 
20 healthy donors, at the mean age of 56.83 
±10.24 (ranging from 43 to 70 years; median: 57),  
was used as a  control. Both in patients and 
healthy donors, peripheral blood white blood cell 
count was within the normal range between 4 and 
10 G/l. None of the patients or controls showed 
signs of infection at the time of investigation, and 
for a month before surgery, none had been taking 
drugs of known influence on the immune system. 
None of the patients or healthy donors had un-
dergone blood transfusion. Individuals with aller-
gic diseases in the anamnesis and other current 
or past oncological/oncohematological disease in 
the anamnesis were excluded from the study. The 
research protocol was approved by the local Ethics 
Committee (decision no. KE-0252/176/2013), and 
all patients gave written informed consent.

Isolation of peripheral blood cells  
and the detection of CD200-positive  
and CD200R-positive T and B lymphocytes

Approximately 5-ml venous blood samples 
were collected from the study patients (1 day 
before surgery) and controls by venipuncture us-
ing sterile, lithium heparin-treated S-Monovette 
tubes (Sarstedt, Nümbrecht, Germany). One hour 
after obtaining blood samples from the patients 
and controls, PB mononuclear cells were asepti-
cally separated by standard density gradient cen-
trifugation (Gradisol L, Aqua Med, Lodz, Poland). 
The percentages of cells expressing surface mark-
ers were analyzed. The cells were phenotypically 
characterized by incubation (20 min in the dark at 
room temperature) with a combination of relevant 
fluorescein isothiocyanate (FITC) – phycoerythrin 
(PE) – and CyChrome-labeled monoclonal antibod-
ies (mAbs). Using a combination of the following 
mAbs, immunofluorescence studies were per-
formed: CD45 FITC/CD14 PE, CyChrome Mouse 
Anti-Human CD3, FITC Mouse Anti-Human CD19, 
FITC Mouse Anti-Human CD4, FITC Mouse Anti- 
Human CD8, PE Mouse Anti-Human CD200, and 
PE Mouse Anti-Human CD200R, purchased from 
BD Biosciences (San Jose, CA, USA). Using a FACS-
Calibur flow cytometer (Becton Dickinson, San Di-
ego, CA, USA) equipped with 488-nm argon laser, 
three-color immunofluorescence analyses were 
performed. Using CellQuest Software, a minimum 
of 10,000 events were acquired and analyzed. 
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The results were presented as the percentage of 
CD45+ cells stained with antibody. The percentage 
of positive cells was calculated by comparing with 
the control. Using isotype-matched directly conju-
gated FITC Mouse IgG1 κ Isotype Control and PE 
Mouse IgG1 κ Isotype Control monoclonal anti-
bodies, background fluorescence was determined. 
In order to exclude debris and cell aggregates, the 
samples were gated on forward scatter vs. side 
scatter. Figure 1 presents an example of the cyto-
metric analysis.

Statistical analysis

The normal distribution of continuous variables 
was verified with the Shapiro-Wilk test. Frequen-
cies of the cells were presented as percentag-
es, and continuous variables were presented as 
means and standard deviations. The Mann-Whit-
ney U  test and Student’s t-test were applied to  
intergroup comparisons of the variables, accord-
ing to the distribution. Pearson’s linear correlation 
coefficient (r) was calculated to assess relation-
ships between variables. All calculations were 

Figure 1. Example of a  three-color flow cytometry analysis of CD200 antigen expression on lymphocytes from 
a patient with gastric cancer. The upper dot plot shows the forward scatter/side scatter (FSC/SSC) distribution 
and the gate used to select lymphocytes for analysis. The middle row dot-plots represent an example of a healthy 
control. The lower row dot-plots represent an example of a GC patient. The numbers in the upper right quadrant in 
the dot-plots show the percentage of CD200+ cells
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conducted using Statistica 10 software (StatSoft, 
USA). A p-value less than 0.05 was considered sta-
tistically significant.

Results

Table I  presents patients’ characteristics. The 
results are presented in the form of percentage 
values of the cells presenting the expression of 
a given antigen and the mean fluorescence inten-
sity (MFI), which is the mean score of the density of 
expression of a given molecule on a cell. Our study 
revealed that in the GC group, the percentage of 
T lymphocyte subsets with CD200 expression 
including CD3+ (median: 23.98%; range: 12.4–
47.21%), CD4+ (median: 13.56%; range: 3.47– 
37.1%) and CD8+ (median: 9.84%; range: 2.33–
29.16%) was significantly higher than in the respec-
tive control group, that is, CD3+ (median: 8.87%; 
range: 1.55–14.57%; p < 0.00013) (Figure 2 A),  
CD4+ (median: 4.86%; range: 1.05–8.95%;  
p < 0.0004) (Figure 3 A), and CD8+ (median: 2.76%; 
range: 0.35–5.02%; p < 0.0006) (Figure 4 A). In the 
GC group, the percentage of T lymphocyte subsets 
with CD200R expression including CD3+ (medi-
an: 19.49%; range: 5.62–40.71%), CD4+ (median: 
11.59%; range: 3.23–23.82%), and CD8+ (medi-
an: 4.98%; range: 0.59–13.89%) was significantly 
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Table I. Clinical and pathological characteristic of 
the studied gastric cancer patient group (n = 40)

Parameter Value

Age, mean ± SD [years] 61.85 ±10.07

N Percentage

Sex Male 33 82.5

Female 7 17.5

Staging 
(UICC 7th 
Edition)

I B 1 2.5

II A 7 17.5

B 6 15

III A 11 27.5

B 3 7.5

C 5 12.5

IV 7 17.5

Grading 
(histological 
differentiation 
of tumor)

G1 6 15

G2 10 25

G3 24 60

Lauren 
classification

Intestinal 22 55

Diffuse 18 45
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lower than in the respective control group, that 
is, CD3+ (median: 41.97%; range: 16.47–51.7%; 
p < 0.0009) (Figure 2 B), CD4+ (median: 22.17%; 
range: 10.03–38.83%; p < 0.004) (Figure 3 B), 
and CD8+ (median: 13.12%; range: 6.03–21.73%;  
p < 0.002) (Figure 4 B).

In the GC group, a higher percentage of CD19+ 
cells with CD200 antigen expression was also ob-
served compared to the control group (median: 
99.32%; range: 80.48–99.99% vs. median: 70.97%; 
range: 62.51–78.79%; p < 0.00005) (Figure 5 A). 
In the GC group, a significantly lower percentage of 
CD19+ cells with CD200R antigen expression was 
also observed compared to the control group (medi-
an: 11.09%; range: 5.25–19.19% vs. median: 22.44%; 
range: 16.91–30.66%; p < 0.0001) (Figure 5 B).

There was no difference in MFI values of CD200 
antigen expression on CD3+, CD4+, and CD8+ 
cells between GC and control groups. MFI values 
of CD200 antigen on CD19+ cells in the GC group 
(mean: 170.69 ±58.64) were higher compared to 
the control group (mean: 47.17 ±13.24; p < 0.001) 
(Figure 6 A).

There was no difference in MFI values of 
CD200R expression on CD3+, CD4+, and CD8+ 
cells between GC and control groups. MFI values 
of CD200R expression on the CD19+ cells in the 
GC group (mean: 134.53 ±53.98) were higher 
compared to the control group (mean: 29.62 ±15; 
p < 0.004) (Figure 6 B). Subset analysis revealed 
higher MFI values of CD200R expression on CD8+ 
cells in diffuse-type tumors (mean: 40.45 ±10.3) 
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compared to intestinal-type tumors (mean: 35.16 
±28; p < 0.05).

A  significant correlation in the GC group was 
revealed between the percentage of CD4+ and 
CD8+ cells presenting CD200 molecule expression 
(r = 0.707) (Figure 7 A). In the GC group, higher 
MFI values of CD200 expression on CD8+ cells 
correlated with those on CD3+CD200+ (r = 0.606) 
(Figure 7 B). The MFI values of CD200+ on CD19+ 
cells correlated with MFI values of CD200R+ on 
CD19+ cells in the GC group (r = 0.502) (Figure 7 C).

No significant differences in percentage of 
CD200+ and CD200R+ cells were found between 
patients at UICC stage I/II and III/IV. The percent-
age of CD200+ and CD200R+ cells in patients with 

well and moderately differentiated tumors (G1/
G2) was not different than in patients with G3 
tumors. The percentage of CD200+ and CD200R+ 
cells in patients with intestinal-type tumors (ac-
cording to the Lauren classification) was not dif-
ferent than in patients with diffuse-type tumors.

Discussion

The aim of the present study was to assess the 
expression of CD200 and CD200R on lymphocyte 
subsets in PB in patients suffering from advanced 
gastric cancer.

Our results showed that the percentage of T 
lymphocytes such as CD3+, CD4+, and CD8+ ex-
pressing the CD200 molecule in patients with 
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advanced gastric cancer is significantly higher 
compared to healthy controls. Conversely, the 
percentage of CD3+, CD4+, and CD8+ cells ex-
pressing the CD200R+ molecule was lower than in 

the control group. A positive correlation between 
CD4+ and CD8+ cells presenting the CD200 mole-
cule is another notable result. These findings con-
firm the possible regulatory effect of the CD200/
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CD200R axis on the T lymphocyte-dependent 
immune response in GC. The high percentage of 
CD200-presenting CD3+ cells – including subsets 
of CD4+ and CD8+ cells with a lower percentage 
of respective CD200R+ cells – may possibly con-
firm inhibition of the CD3+-dependent immune 
response in GC patients. Previous studies indicat-
ed a  significant increase in percentage of CD3+ 
cells in GC compared to the control group, with 
a  higher CD4+/CD8+ ratio that could partly ex-
plain anti-tumor immunity against GC [14]. Our 
results showing a  higher percentage of CD3+/
CD200+ cells in GC with a  significantly lower 
CD3+CD200R+ cell percentage could indicate the 
general suppression of CD3+-related immunity as 
a  result of CD200/CD200R action on T lympho-
cytes. Wang and Shen found that the percentage 
of CD8+ cells was higher among lymphocytes in 
advanced gastric cancer compared to early tu-
mors, but the percentage of CD4+ cells appeared 
to be lower compared to the respective groups 
[15]. We demonstrated that in advanced GC, there 
is a  higher rate of CD4+CD200+ cells as well as 
CD8+CD200+ cells with a  lower percentage of 
CD4+CD200R+ and CD8+CD200R+ cells compared 
to healthy controls. This could indicate that CD8+ 
cytotoxic cells could be functionally impaired by 
CD200/CD200R inhibition in advanced GC. Simi-
lar results were observed in programmed death-1 
(PD-1) expression on CD4+ and CD8+ T cells from 
GC patients, which was significantly higher than 
that from normal controls. It was also related to 
disease progression. PD-1 expression on CD4+ 
and CD8+ T cells from gastric cancer tissue was 
significantly higher than that from normal gastric 
mucosa and peripheral blood. Saito et al. also re-
ported that PD-1 positive CD4+ and CD8+ T cells 
produced significantly less IFN-g than PD-1 neg-
ative T cells [16]. Our results indicate a possible 
similar mechanism of immunosuppression by the 
CD200+/CD200R+ axis. The higher percentage of 
CD4+CD200+, which positively correlated with the 
percentage of CD8+CD200+ cells, may be, in part, 
responsible for the immune evasion in advanced 
gastric cancer.

Strongly significant differences were observed 
between CD19+/CD200+ cells in the GC group and 
healthy control group. Almost the entire subset of 
peripheral CD19+ cells was positive for CD200+ 
expression in the GC group with the coexistence 
of a  significantly lower percentage of CD19+/
CD200R+ cells. This finding could indicate the im-
portance of CD200 molecule up-regulation in im-
mune function of B lymphocytes in gastric cancer. 
No previously published studies concerning the 
frequency of CD200(+)-expressing B-lymphocytes 
in solid tumors are available. The high percentage 
of CD19+CD200+ cells in peripheral blood in GC pa-
tients corresponds to previous data from non-solid 

tumor research, that is, B-cell chronic lymphocytic 
leukemia (B-CCL). CD200 showed high expression 
on a CD5/19-positive clone in all B-CLL patients, 
with a mean of 94%. CD200 was also brightly ex-
pressed on 96% and 99% of CD19+ cells in cas-
es of hairy cell leukemia [17]. Further studies are 
needed to compare these results with other diges-
tive tract solid tumors, i.e. colon adenocarcinoma, 
to confirm high frequency of CD19+CD200+ cells 
in peripheral blood. As shown in previous stud-
ies, the percentage of CD19+ cells in peripheral 
blood from healthy controls and gastric cancer pa-
tients is similar. However, a significantly increased 
percentage of CD19+CD24hiCD38hi Bregs was 
observed in gastric cancer patients. Increased 
CD19+CD24hiCD38hi Bregs positively correlate 
with the levels of CD4+FoxP3+ Tregs and play 
a  significant immunosuppressive role in gastric 
cancer. Both Bregs and total B cells could promote 
cancer growth mainly by inhibiting the cytotoxic 
activity of Th1/CD8+ cells, which was mediated by 
IL-10 and TGF-β production [18, 19]. Our results 
presenting predominance of CD19+CD200+ cells 
with a  lower percentage of CD19+CD200R+ cells 
in the GC group compared to the healthy control 
group may suggest the involvement of CD200/
CD200R signaling in immunosuppressive action 
of B lymphocytes in GC. We also observed high-
er expression of CD200 and CD200R antigens on 
CD19+ cells in GC patients compared to controls 
with a positive correlation of CD200 and CD200R 
MFI values in GC patients. These findings also 
support the possible involvement of these mole-
cules in deterioration of B lymphocyte-mediated 
humoral immunity in advanced GC.

Our results demonstrate the status of the 
CD200 molecule on PB lymphocytes in patients 
with advanced GC. The studied group of patients 
was rather homogeneous with the prevalence of 
UICC stage III/IV. However, patients were enrolled 
in the analysis consecutively, representing the reg-
ular, most commonly treated group in the Polish/
Central-East Europe population, primarily diag-
nosed with gastric cancer [20]. Our preliminary 
results showed no difference in the percentage of 
CD200+ lymphocytes in patients staged UICC II vs. 
III/IV. It may suggest that a possible mechanism 
of immune evasion in GC, which could involve 
CD200/CD200R signaling, appears soon in tum-
origenesis. Research on CD200 status on lympho-
cytes in patients with early gastric cancer would 
demonstrate a wider perspective on the possible 
immune deregulation in the course of this devas-
tating disease. Higher expression of the CD200R 
molecule on CD8+ peripheral cells in diffuse-type 
compared to intestinal-type cancer patients indi-
cates possible involvement of CD200-receptor me-
diating action in more aggressive tumorigenesis, 
with a poor prognosis.
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Hence it would also be beneficial to study the 
status of CD200/CD200R expression and its po-
tential role on tumor cells and tumor-infiltrating 
lymphocytes, especially on CD8+ T cells, which are 
able to directly kill cancer cells. Several previous 
reports have documented a strong association be-
tween tumor-infiltrating CD8+ T cells and patient 
survival in many types of cancers [21]. Rygiel et al. 
indicate that CD200/CD200R signaling suppresses 
anti-tumor responses independently of CD200 ex-
pression on the tumor. In an experimental model, 
CD200-negative mice were resistant to chemical 
skin carcinogenesis. Moreover, CD200R controlled 
tumor growth independently of CD200 expression 
by the tumor cells themselves. CD200(–) mice 
did not acquire tolerance to antigens, suggest-
ing that tumor rejection was suppressed through 
CD200-induced immune tolerance. Higher ex-
pression of proinflammatory cytokines including 
IL-1β and IL-6 by dendritic cells was observed to-
gether with reduced tumor growth [22]. Recently 
published results also point to a  critical role for 
CD200R signaling in limiting the growth and me-
tastasis of CD200+ tumors. Liu et al. found that 
CD200R-deficient mice exhibited fast growth of 
CD200+ but not CD200(–) melanoma tumors. 
CD200R-deficient mice receiving CD200(+) tumor 
cells showed massive primary tumor growth and 
multiple remote metastases, whereas the growth 
of the same tumors in wild-type mice was limited. 
CD200(+) tumors in CD200R-deficient mice con-
tained higher numbers of CD11b(+)Ly6C(+) my-
eloid cells, exhibited increased angiogenesis, and 
showed reduced infiltration of CD4+ and CD8+  
T cells. The authors assume that targeting CD200R 
signaling may potentially interfere with the met-
astatic growth of CD200+ tumors [23]. These re-
sults support the importance of future studies on 
CD200 blockade in the treatment of neoplastic 
tumors. At present, several monoclonal antibod-
ies (mAbs) are applied to treat patients with solid 
tumors. Because the CD200 molecule does not 
have a signaling domain, it can be assumed that 
anti-CD200 mAbs do not directly affect targeted 
tumor cells. It was shown that anti-CD200 mAbs 
did not attenuate tumor cell growth or directly 
induce cell death. However, anti-CD200 Abs effi-
ciently mediate Ab-dependent cellular cytotoxicity 
of activated T cells, critical cells involved in im-
mune-mediated killing [24, 25]. Neutralization of 
expressed CD200 by anti-CD200mAbs decreased 
the tumor metastasis in the EMT6 mouse breast 
cancer line [26].

In conclusion, we demonstrated for the first 
time that in advanced gastric cancer, the CD200 
molecule is expressed on a higher percentage of 
CD3+, CD4+, and CD8+ cells in peripheral blood 
than in the healthy control group, and it was ac-
companied by a lower percentage of CD200R ex-

pressing cells in the GC group. We also found that 
almost the entire subset of CD19+ B cells present-
ed CD200 expression in the GC group with a sig-
nificantly lower percentage of CD19+CD200R+ 
cells in GC patients vs. healthy controls. Higher 
frequency of ligand (CD200)-expressing cells and 
lower frequency of receptor (CD200R)-expressing 
cells resulting from interaction between cancer 
cells and the immune system of the host indicate 
possible impairment of regulatory function of 
lymphocytes, leading to chronic inflammation and 
carcinogenesis. These results confirm the impor-
tance of CD200/CD200R signaling in attenuation 
of the immune response in GC. Further studies 
are needed to clarify the presence of CD200+/
CD200R+ lymphocytes in the tumor microenvi-
ronment, as well as the CD200 molecule on the 
surface of gastric cancer cells.
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