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have not been further characterized even though a patient’s 
immunophenotype may be prognostic for the course of 
the disease or predictive for clinical/biological response to 
immunotherapy. In this study, we used flow cytometry to 
determine the phenotype of peripheral blood mononuclear 
cells (PBMCs) from 30 patients with heavily pre-treated, 
advanced adenocarcinoma of the stomach and gastro-
esophageal junction. The frequencies and activation status 
of relevant immune effector populations were determined 
in PBMCs and compared to those of healthy individuals. 
This report provides comprehensive immune phenotyping 
data of a patient population with a high medical need.

Abstract  Immunotherapeutic approaches are emerg-
ing as promising new treatment options for patients with 
solid cancers. The host immune system in cancer patients 
is dysfunctional due to a number of reasons. The level 
of immunosuppression is variable at the time of diagno-
sis and depends on the particular cancer entity, stage, and 
prior anti-cancer therapies. For many cancer entities, the 
immune alterations of the respective patient population 
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Abbreviations
ADCC	� Antibody-dependent cell-mediated cytotoxicity
CDC	� Complement-dependent cytotoxicity
CIC	� Cancer Immunotherapy Consortium
CIMT	� Association for Cancer Immunotherapy
CTLA-4	� Cytotoxic T-lymphocyte antigen-4
CV	� Coefficients of variance
DC	� Dendritic cell
DMSO	� Dimethyl sulfoxide
FDA	� Food and Drug Administration
FoxP3	� Forkhead box protein 3
HD	� Healthy donors
IgG1	� Immunoglobulin G subclass I
M	� Metastasis
mAb	� Monoclonal antibody
MDSCs	� Myeloid-derived suppressor cells
N	� Node
NK cells	� Natural killer cells
n.s.	� Not significant
P	� Patient
PBMCs	� Peripheral blood mononuclear cells
PBS	� Phosphate-buffered saline
PD-1	� Programmed death-1
PDL-1	� Programmed death ligand-1
RCC	� Renal cell carcinoma
T	� Tumor
Tregs	� Regulatory T cells

Introduction

Immunotherapeutic approaches, including vaccines and 
immune-modulating antibody drugs, are emerging as promis-
ing options for the treatment of solid tumors with high medi-
cal need. Therapeutic vaccination is designed to induce or 
enhance pre-existing antitumor responses. The dendritic cell 
(DC)-based vaccine sipuleucel-T was the first to be approved 
by the Food and Drug Administration (FDA) for the treat-
ment of metastatic prostate cancer in 2010 [1]. Another suc-
cessful strategy is the targeting of checkpoint inhibitors on 
immune cells, i.e., T-cell immunomodulatory monoclonal 
antibodies (mAbs), such as ipilimumab that blocks cyto-
toxic T-lymphocyte antigen-4 (CTLA-4) on T cells [2]. The 
consecutive increase in the frequencies of activated T cells 
leads to efficient clinical response in patients with metastatic 
melanoma [3]. Similarly, mAbs against programmed death-1 
(PD-1) receptor or its ligand PD-L1 have been shown in 
early clinical trials to augment the T cell-mediated antitumor 
responses in non-small-cell lung cancer patients [4]. Whereas 

these immunotherapeutic concepts have only been recently 
validated by market approvals, mAbs against surface mole-
cules on cancer cells have been clinically successful for many 
years. Most of them, such as the FDA-approved mAbs tras-
tuzumab [5] and cetuximab [6], were engineered to primar-
ily act as growth-factor-receptor antagonists. However, the 
clinical relevance of the activation of immune effector mecha-
nisms by these mAbs, such as complement-dependent cyto-
toxicity (CDC) or antibody-dependent cell-mediated cyto-
toxicity (ADCC), has recently been recognized and is being 
optimized by, e.g., glycol-engineering [7–10].

Each of these immunotherapeutic concepts relies on 
or modifies specific immune effectors or functions of the 
patient’s immune system. The immune system of cancer 
patients is frequently altered compared to healthy individu-
als, especially during late-stage disease [11]; a variety of 
functional and quantitative defects in peripheral blood 
mononuclear cells (PBMCs) have been reported [12–15]. 
The mechanistic understanding of immune defects preva-
lent in patients with certain cancers may provide a ration-
ale for the selection and combinations of suitable and opti-
mized immunotherapeutic approaches. One surrogate for 
the immune competence of cancer patients and their poten-
tially dysfunctional immune system is the frequency and 
phenotype of specific immune cell subsets which can be 
assessed in peripheral blood.

Gastric cancer is among the malignancies of highest 
unmet medical need [16, 17]. It is the fourth most common 
cancer and the second leading cause of cancer-related deaths 
worldwide [18]. The 5-year survival rate for gastric cancer 
is 20–25 % despite aggressive standard treatment regimens. 
Few publications exist with specific focus on monitoring the 
immune status of gastric cancer patients. This is particularly 
true for patient populations with late-stage disease, in which 
early-phase clinical studies for the development of new ther-
apies for gastric cancer are usually launched.

IMAB362 is a first-in-class antibody drug against the 
cancer-associated surface molecule claudin18.2. We are 
evaluating the therapeutic effect of IMAB362 in patients 
with advanced heavily pre-treated adenocarcinoma of the 
stomach and the gastro-esophageal junction. Thus, we have 
a specific interest in a better understanding of the potential 
immune alterations in these patients. IMAB362 primarily 
acts through immune effector-mediated mechanisms such 
as ADCC and CDC. CDC is mediated by activation of the 
complement cascade in order to form the membrane attack 
complex and to subsequently eliminate the antibody-targeted 
tumor cells. ADCC is triggered through direct interaction of 
the Fc domain of human immunoglobulin (Ig)G, mostly sub-
class I (IgG1), with the corresponding receptors on immune 
effector cells such as natural killer (NK) cells, monocytes, 
macrophages, granulocytes, DCs, and γδ T cells. For a maxi-
mum effect of a therapeutic antibody such as IMAB362, 
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desirable characteristics in cancer patients include the pres-
ence and the functional fitness of immune effectors com-
bined with a lack of immunosuppressive mechanisms.

Here, we provide systematic immune phenotyping of 
patients with advanced heavily pre-treated gastric adeno-
carcinomas employing quality-controlled assays for the 
enumeration and phenotypic characterization of T cells, 
B cells, NK cells, Vδ2 T cells, regulatory T cells (Tregs), 
and myeloid-derived suppressor cells (MDSCs). Our data 
extends beyond existing studies in patients with gastric 
cancer due to the well-defined population, comprehensive-
ness of immune assessments, and the use of established 
multi-color flow cytometry with a well-standardized qual-
ity performance ensuring a robust quantification of up to 24 
immune cell subpopulations.

Materials and methods

Patient/subject population and sample collection

Blood samples were collected prior to IMAB362 (study 
medication) treatment from patients with advanced heav-
ily pre-treated adenocarcinoma of the stomach and gastro-
esophageal junction enrolled into a multicenter, interna-
tional phase II clinical trial (clinicaltrials.gov identifier: 
NCT01197885). The trial was conducted for testing sin-
gle-agent activity and safety of the first-in-class anti-clau-
din18.2 therapeutic mAb IMAB362 [19].

The clinical trial was approved by regulatory authori-
ties and independent local ethics committees, and signed 
informed consent was obtained from each patient. Blood 
samples from 30 patients enrolled at 12 sites in Germany 
(see Acknowledgements for full list of participating investi-
gators) and blood samples from eight healthy donors (HDs) 
as comparators were subjected to immunophenotyping.

Anticoagulated (EDTA) peripheral whole-blood samples 
were used for immunophenotyping analysis. Patients’ blood 
samples were shipped by world courier at 2–8 °C (refriger-
ated, temperature controlled). Elapsed time between blood 
sampling and processing was less than 25 h (mean 7.92 h). 
Samples were stored at 2–8 °C until processing. Anticoagu-
lated blood samples from HDs were stored at 2–8  °C for 
approximately 24 h until processing.

PBMC preparation

PBMCs were isolated by diluting blood 1:3 with phosphate-
buffered saline (PBS) and a standard density-gradient sepa-
ration by Ficoll-Hypaque (VWR/GE Healthcare). Isolated 
cells were counted by Guava ViaCount Reagent (Milipore) 
or Trypan Blue (GIBCO) and cryopreserved in cell culture 
medium (RPMI 1640; GIBCO) containing 50 % (v/v) human 

serum albumin (CSL Behring) and 10 % dimethyl sulfoxide 
(DMSO; Applichem). PBMCs were frozen in a control-rate 
freezer. Depending on cell harvest, between 0.9 × 106 and 
9.5  ×  106  cells/mL were frozen per cryovial, as the cells 
were aliquoted at a ratio of 1:1 as required per standard 
operation procedure. The cell densities during cryopreser-
vation did neither affect cell viability nor recovery (data not 
shown). PBMC samples were stored in the gas phase of liq-
uid nitrogen until the staining procedure was performed.

Shortly before staining, the cells were thawed in pre-
warmed RPMI 1640 containing 10 % (v/v) human serum 
albumin in presence of 2  µg/mL DNase I (Roche). Cells 
were washed and counted using Tuerk solution. The mean 
viability was >96 %.

Staining protocol

PBMC staining was performed without prior resting of the 
freshly thawed cells using fluorochrome-labeled mAbs against 
the following antigens: CD3, CD4, CD11b, CD14, CD15, 
CD16, CD19, CD25, CD33, CD45RA, CD56, CD62L, CD69, 
CD103, CD124, CD127, CD195, CD197, FoxP3, HLA-DR, 
Vδ2, and Vγ9 (Supplementary Table  1; all Becton–Dickin-
son or Biolegend). Live/dead cells were discriminated by the 
LIVE/DEAD® Fixable Aqua Dead Cell Stain kit (Life Tech-
nologies). The mAbs were titrated and combined in four stain-
ing panels at the previously determined optimal concentrations 
to allow for comprehensive analysis of the major immune 
effector cells (Panel-1), Tregs (Panel-2), MDSCs (Panel-3), 
and Vδ2+ T cells (Panel-4; Supplementary Table 2).

A mean of 0.75 × 106 (median, 0.81 × 106) cells were 
stained according to standard procedures. Briefly, PBMCs 
were incubated with the LIVE/DEAD® Fixable Aqua Dead 
Cell Stain Kit for 30 min at 2–8 °C in the dark. Then, cells 
were washed and stained with the directly labeled mAbs at 
2–8 °C for 20–30 min in the dark. Antibody mixtures were 
added to 50  µL staining buffer [PBS with 2  % fetal calf 
serum (FCS), 2 mol/L EDTA, and 0.02 % NaN3]. Fix/Perm 
buffer (eBiosciences) was used for intracellular FoxP3 stain-
ing. Washed samples were resuspended in Stabilizing Fixa-
tive (Becton–Dickinson) and stored at 2–8 °C in the dark. 
Samples were analyzed with the FACSCanto II with Diva 
software (Becton–Dickinson). In most of the experiments, 
analysis was done on singlet live lymphocytes or leukocytes 
[gating strategy using FlowJo 7.6.5 software (TreeStar) is 
depicted in Supplementary Figures 1–4]. For the identifica-
tion of CD69 versus CD25 and of CD45RA versus CD62L 
gates on Vd2+ T cells, the original gates were set on CD3+ 
T cells and then transferred to the Vd2+ T cell population 
(Supplementary Figures 1d and 4d, respectively).

Baseline mean fluorescence intensity for unstained cells 
was set at ~2.5× above the electronic noise for all fluoro-
chromes. Standardized application settings were used for 
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all samples, daily adjustment runs, and automated perfor-
mance checks (CS&T) of the cytometer. To control the 
reagents and guarantee a stable performance over time, 
pre-specified index donor samples were stained and tested 
before and after each patient cohort.

Statistical analyses

Statistical analysis was performed with GraphPad Prism 
software-version 5.00 (GraphPad Software Inc.). A two-
sided Mann–Whitney test was used for statistical evalua-
tion of differences between groups. Differences were con-
sidered significant, if p < 5 %.

For statistical analysis of the intra-assay variability, the 
mean of three (Panel-1, Panel-3, and Panel-4) or five (Panel-
2) HD replicates was calculated (Supplementary Table  3). 
Cell frequencies of the target population were normalized to 
the calculated means of the HD replicates. Statistical analy-
ses of inter-assay variability were performed by calculating 
the mean of three independent experiments. Each data point 
of this inter-assay triplicate reflects one intra-assay mean 
value. The coefficients of variance (CV) were based on the 
mean and standard deviation of normalized data.

General lab operation

The study was conducted following standard operating 
procedures, which were established for all steps including 
PBMC preparation (cell isolation, counting, freezing, stor-
age, and thawing), the staining procedure, data acquisition, 
and the full gating strategy for analysis. The handling, stor-
age times and conditions, as well as processing of analyzed 
PBMC samples were tightly controlled. All panels were 
tested for intra- and inter-assay variability and robustness 
(range of cells/test) of the target populations using samples 
from HDs. A cohort of eight HDs was used to character-
ize the normal distribution range of target cell populations. 
The results were assessed for plausibility by comparison to 
published distributions in the literature (e.g., percent T cells 
in lymphocytes), if available. The laboratory personnel 
regularly participate in proficiency panels addressing flow 
cytometry-associated topics organized by the Association 
for Cancer Immunotherapy (CIMT) and the Cancer Immu-
notherapy Consortium (CIC).

Results

Standardized immune monitoring to assess frequency 
and phenotype of immune cell subsets

We optimized and standardized different flow cytom-
etry staining panels allowing a comprehensive exploratory 

analysis of the relative frequency and phenotype of 24 dis-
tinct immune cell subsets involved in immune competence, 
including B, T, and NK cells (Panel-1), of Tregs (Panel-2), 
MDSCs (Panel-3), and Vδ2+ T cells (Panel-4).

In order to standardize our flow cytometry-based 
immune phenotyping process, we determined intra- and 
inter-day variability. Samples from at least three HDs were 
independently processed in triplicates on the same day 
(intra-assay variability) and on three different time points 
(inter-assay or day-to-day variability), and the CV for 
each immune cell subset was determined (Supplementary 
Table 3). In order to establish reproducibility of intra- and 
inter-day runs of Panel-3 and thus the staining procedure 
applied to the six MDSC populations, we used cells from 
HDs expressing the same marker profile. However, it 
remains unclear whether healthy MDSC-like cells exert the 
same function as analogous cells in patients.

In order to identify cell surface markers, we established 
a consequent gating strategy by including HDs which was 
used throughout the entire study. The majority of immune 
cell subsets were quantified in a highly robust manner with 
CVs below 25 %. Inclusion of CD69 as an early activation 
marker for Vδ2+ T and NK cells, and CD25 as an activa-
tion marker for Vδ2+ T cells, coincided with a slightly 
increased assay variation with CVs up to 45.5  % which 
may be due to the typical appearance of these markers as 
smear, rather than clearly separated populations.

Patient characteristics

Thirty patients (26 male, 4 female) at a median age of 62 
(range 42–77) with locally advanced, inoperable, and/or 
metastasized adenocarcinomas of the stomach (n  =  13) 
or the gastro-esophageal junction (n =  17) were included 
in this analysis (Table 1). Median time since first diagno-
sis was 23  months (range 8–45  months) and patients had 
received a median of two prior therapies before enroll-
ment into this trial (range 1–4), including antimetabolic 
compounds (e.g., 5-fluorouracil), platinum analogues 
(e.g., oxaliplatin), and taxanes (e.g., docetaxel) in vari-
ous combinations. Median time since last cytotoxic treat-
ment was 2 months (range 1–18 months). A total of eight 
HDs, including three female and five male volunteers with 
a median age of 40.5 years (range 29–48 years), served as 
control group.

T cells, B cells, and NK cells

All samples were analyzed by flow cytometry to dis-
criminate CD3+ T cells, B cells, and NK cells. Activa-
tion of T cells was measured by the expression of CD25 
and CD69 and activation of CD16+CD56+ NK cells by 
expression of CD69 alone. We observed a trend toward 
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reduced T cell frequencies in patients with gastric cancer 
versus HDs, which was not significant (Fig. 1a). Frequen-
cies of activated CD3+ T cells based on CD25 expression 

were comparable in patients and HDs, but the frequency 
of T cells expressing the early activation marker CD69 
was significantly increased by 2.4-fold with 3.3 % (range 
1.0–16.9 %) of patient-derived compared to 1.1 % (range 
0.4–2.4 %) of HD-derived T cells (Fig. 1b, c).

B and NK cell frequencies significantly differed between 
patients and HDs with lower median B cell frequency 
(patients: 5.4 %, range 1.1–15.6 %; HDs: 8.2 %, range 6.0–
11.0 %) and a higher median NK cell frequency (patients: 
15.7 %, range 1.4–52.5 %; HDs: 5.5 %, range 2.1–19.3 %) 
in the patient group (Fig.  1d, e). Activation status of NK 
cells determined by CD69 expression was comparable 
between both groups (Fig. 1f). Notably, we identified three 
patients showing considerably high up-regulation of CD69 
in >34 % of NK cells.

CD4+ T cells and FoxP3+CD25hiCD127− Tregs

We detected a significantly decreased total CD4+ T cell 
pool in 7 of 26 gastric cancer patients (Fig. 2a). Less than 
50  % of viable lymphocytes were CD4+ T cells, and in 
three patients, even less than 35 % of viable lymphocytes 
were CD4+ T cells. We did not formally determine the 
CD4/CD8 T cell ratio, but as CD3+CD4− T cells represent 
mainly CD8+ T cells, we speculate that the CD4/CD8 T 
cell ratio is likely reduced in this patient population.

Next, we analyzed the frequency and phenotype of Tregs. 
In both groups, a median of 4–5 % of CD4+ T cells were 
Tregs with the phenotype CD4+Foxp3+CD25hiCD127lo 
(patients: 4.7  %, range 1.4–14.0  %; HDs: 4.0  %, range 
2.0–7.4  %) (Fig.  2b). The median percentage of rest-
ing CD45RA+ Tregs was significantly reduced by 2.2-
fold in gastric cancer patients (10.5 %) compared to HDs 
(23.4 %; Fig. 2c). We further dissected the Treg subpopu-
lations according to the Treg classification including dif-
ferential Foxp3 expression levels proposed by Miyara 
et  al. [20]. This analysis also confirmed that the fre-
quency of resting CD4+Foxp3loCD25hiCD127loCD45RA+ 
cells was decreased, whereas the frequency of activated 
CD4+Foxp3hiCD25hiCD127loCD45RA− cells was signifi-
cantly increased in patients compared to HDs (Fig. 2d, e). 
Noteworthy, the frequency of CD103+ Tregs was signifi-
cantly increased in patients compared to HDs (Fig. 2f).

MDSC subpopulations

Immature myeloid cells with various MDSC-related pheno-
types comprise a low percentage of the isolated PBMC frac-
tion. We characterized selected MDSC subpopulations using 
six different cell surface marker combinations (Panel-3). All, 
except the MDSC2 subpopulation (CD15+CD124+lin− leu-
kocytes; Fig. 3b), differed significantly between patients and 
HDs (Fig. 3). The CD14+CD124+ subpopulation (MDSC1; 

Table 1   Baseline characteristics of patients at baseline

M metastatasis, N node, NOS not otherwise specified, T tumor
a  Missing includes values that could not be determined (i.e., Tx, Gx 
Nx, Mx)

Number (total N = 30) %

Median age (years) 62

 Range 42–77

 Missing 1 3.3

Sex

 Male 26 86.7

 Female 4 13.3

Median time interval since first  
diagnosis (months)

23

 Range 8–45

Median time interval since last  
chemotherapy (months)

2

 Range 1–18

 Missing 2 6.7

Median number of previous chemo-
therapy regimens

2

 Range 1–4

 Missing 2 6.7

Median number of previous  
chemotherapy cycles

8

 Range 2–21

 Missing 6 20.0

Location of primary tumor

 Stomach 13 43.3

 Gastro-esophageal junction 17 56.7

Histological type of primary tumor

 Adenocarcinoma 30 100

 Diffuse 9 30.0

 Intestinal 9 30.0

 Signet ring 4 13.3

 Adenocarcinoma NOS 8 26.7

T-stage

 T1/2 7 23.3

 T3/4 13 43.3

 Missinga 10 33.4

N-stage

 N0 4 13.3

 N+ 18 60.0

 Missinga 8 26.7

M-stage

 M0 3 10.0

 M1 20 66.7

 Missinga 7 23.3
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Fig.  3a), the CD33+HLA-DR−SSCint subpopulation 
(MDSC3; Fig.  3c), and the CD14+HLA-DRlo subpopula-
tion (MDSC4; Fig. 3d) were significantly increased, whereas 
the CD11b+CD15+CD14− (MDSC5; Fig. 3e) as well as the 
CD15+FSCloSSChi subpopulations (MDSC6; Fig.  3f) were 
significantly decreased in patients compared to HDs.

Vδ2+ T cells

Regarding Vδ2+ T cells, we found similar frequencies 
in patients with gastric cancer and HDs demonstrat-
ing that the disease did not alter Vδ2+ T cell frequency 
(Fig.  4a). The median frequency of CD25+Vδ2+ T cells 
was decreased by 90.5 % in gastric cancer patients versus 
HDs (patients: 0.4 %, range 0.0–11.5 %; HDs: 4.2 %, range 
2.3–9.8 %; Fig. 4b). However, the activation status (CD69 
expression) of Vδ2+ T cells in patients was comparable to 
HDs (Fig.  4c). A substantial proportion of Vδ2+ T cells 
expressed FcγRIII (CD16+) at comparable levels in both 
patients and HDs (Fig. 4d). Although the frequency of total 
CD16+Vδ2+ cells did not differ between patients and HDs, 

the patient population split into two subpopulations one 
with significantly increased (n = 20: median, 43.7 %; range 
26.6–77.3 %;) the other with decreased (n =  10: median, 
13.6  %; range 6.5–17.9  %) CD16+Vδ2+ cell frequencies 
compared to HDs (median, 24.3  %; range 8.6–48.4  %) 
(Fig. 4e, f).

In addition to activation markers, we focused on two 
additional phenotypic markers to characterize Vδ2+ T cells, 
namely CD45RA and CD62L. Both CD45RA+CD62L+ 
and CD45RA−CD62L+Vδ2+ T cells were significantly 
increased in gastric cancer patients compared to HDs 
[CD45RA+CD62L+: patients, median 3.2  %, range 0.0–
29.8  %; HDs: median 0.4  %, range 0.0–0.9  % (Fig.  5a) 
and CD45RA−CD62L+: patients, median 12.9  %, range 
0.0–43.0  %; HDs: median 1.7  %, range 0.3–4.9  % 
(Fig.  5b)]. In contrast, a significantly lower median frac-
tion of CD45RA−CD62L−Vδ2+ T cells was detected in 
gastric cancer patients [patients: 72.1 %, range 8.1–90.9 %; 
HDs: 92.1  %, range 75.7–97.7  % (Fig.  5c)]. Regarding 
CD45RA+CD62L−Vδ2+ T cells, no significant differences 
between patients and HDs were observed (Fig. 5d).

Fig. 1   Immune effector cells in gastric cancer patients are not gen-
erally suppressed (staining Panel-1). PBMCs from 30 gastric cancer 
patients (filled circles) and eight healthy donor samples (filled trian-
gles) were analyzed with regard to frequency of CD3+ T cells (a), 
CD25+ of CD3+ T cells (b), CD69+ of CD3+ T cells (c), CD19+ 
B cells (d), CD16+CD56+ NK cells (e), and the activation marker 

CD69 on NK cells (f). The horizontal black lines represent median. 
p values were obtained with a Mann–Whitney test, **p  <  0.01; 
***p < 0.001. HD healthy donors, NK cells, natural killer cells, n.s. 
not significant, P patients, PBMCs peripheral blood mononuclear 
cells
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Discussion

Our aim was to monitor the immune status of a well-
defined patient population with heavily pre-treated, 
advanced adenocarcinoma of the stomach and the gastro-
esophageal junction by mapping frequencies and activation 
status of relevant immune cell populations versus HDs. We 
applied standardized multi-color flow cytometry with docu-
mented performance characteristics, ensuring a sensitive 
and robust detection of up to 24 different immune cell sub-
sets. To our knowledge, this is the first comprehensive and 
systematic analysis of multiple immune cell subsets in this 
patient population.

One of the key finding is that both the frequency and 
activation status of total T and NK cells (as the major anti-
gen-specific immune effector populations addressed by 
vaccine-based therapies) were comparable between cancer 
patients and HDs. We observed a trend toward lower total 
CD3+ T-lymphocyte populations in these patients which 
was likely caused by the proportional decrease of the CD4+ 

T cell pool. It is noteworthy to highlight that the reduction 
of CD4+ T cells in about 25 % of patients may be indica-
tive for the generally poor prognosis of patients with late-
stage gastric cancer, as a high CD4/CD8 T cell ratio has 
been demonstrated to be an important factor with prognos-
tic value. Interestingly, CD69+ T cell levels were increased 
in patients indicating a potentially higher activation status. 
Interestingly, the frequencies of CD25+ T cells remained 
comparable between patients and HDs. This “asymmet-
ric” expression pattern could be explained by the differen-
tial IL-2 dependence of activated T cell subsets; however, 
this was not investigated in this study. In line with previous 
reports [13], B cell frequency was significantly reduced in 
patients.

Another key finding is the increased frequency and acti-
vation status of regulatory T cell subsets. Tregs effectively 
impair immune effector function, proliferation of T cells, 
and NK cell-mediated cytotoxicity in cancer patients [21, 
22]. In other cancer types, an increased Treg frequency cor-
relates with poor clinical outcome [21, 23–25]. This may 

Fig. 2   Regulatory T cells in gastric cancer patients are activated and 
have the potential to infiltrate tumor tissue (staining Panel-2). PBMCs 
from 26 gastric cancer patients (filled circles) and eight healthy donor 
samples (filled triangles) were analyzed with regard to frequency 
of CD4+ T cells (a) and Tregs of CD4+ T cells (b). Resting Tregs 
were determined by CD45RA positivity (c). Fine dissection of Tregs 
shows activated FoxP3hiCD45RA− (d) and resting FoxP3loCD45RA+ 

(e) subpopulations. Tumor-infiltrating Tregs were identified by cell 
surface marker staining CD103 (f). The horizontal black lines rep-
resent median. p values were obtained with a Mann–Whitney test, 
*p  <  0.05; **p  <  0.01. HD healthy donors, n.s. not significant, P 
patients, Treg T regulatory cells, PBMCs peripheral blood mononu-
clear cells
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originate from differences in the studied tumor entities and/
or patient populations. However, we cannot exclude that a 
possible difference in cell handling, storage, staining with 
antibodies, and the analysis of cytometric data account for 
this discrepancy. The percentage of Tregs in our patients 
with gastric cancer does not significantly differ compared 
to HDs. However, we found that patients with gastric can-
cer have a significantly higher frequency of activated Tregs 
in comparison to HDs, whereas the frequency of resting 
Tregs is decreased. Importantly, we observed a parallel 
increase in the frequencies of CD103+ Treg cells that have 
been shown to possess tumor-infiltrating potential in mice 
[26]. These findings together strongly support the con-
cept that in these patients, Treg cells actively contribute to 
global and/or local (i.e., tumor microenvironment) immune 
suppression that is often observed in cancer patients with 
poor prognosis [27, 28].

MDSCs are a heterogenous, immunosuppres-
sive population of early progenitor cells, immature 

granulocytes, macrophages, and DCs at different differ-
entiation stages. We investigated six different MDSC sub-
populations (MDSC1-6) identified by combinations of 
granulocytic or monocytic markers, based on Walter et al. 
[29–33]. MDSC1, MDSC3, and MDSC4 were signifi-
cantly increased in our patient population. Previous stud-
ies already reported an increase of MDSC4 cells in patients 
with renal cell carcinoma (RCC) [29, 34], breast, or colon 
cancer [35] and an increase in HLA-DR−CD33+CD11b+ 
MDSC (here MDSC3) frequency in patients with pancre-
atic, esophageal, and gastric cancer [36]. Interestingly, we 
observed significant decreases of MDSC5 and MDSC6 
subpopulations, which have been reported to be elevated in 
patients with RCC, breast, and colon cancer [29, 34, 35]. 
Although the role of the rare MDSC pool in cancer patients 
as well as the potential influence of transport and process-
ing of blood samples on these populations remains to be 
further investigated in more detail, our data indicate that 
gastric cancer patients may profit from immunotherapies 

Fig. 3   Subpopulations of myeloid-derived suppressor cells are 
increased in gastric cancer patients (staining Panel-3). PBMCs from 
25 gastric cancer patients (filled circles) and eight healthy donor sam-
ples (filled triangles) were analyzed with regard to frequency of vari-
ous MDSC subpopulations determined as: MDSC1 CD14+CD124+ 
(a), MDSC2 CD15+CD124+ (b), MDSC3 CD33+HLA-DR−SSCint 

(c), MDSC4 CD14+HLA-DRlo (d), MDSC5 CD11b+CD15+CD14− 
(e) and MDSC6 CD15+FSCloSSChi cells (f). The horizontal black 
lines represent median. p values were obtained with a Mann–Whitney 
test, **p < 0.01; ***p < 0.001. HD healthy donors, MDSCs myeloid-
derived suppressor cells, n.s. not significant, P patients, PBMCs 
peripheral blood mononuclear cells
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that counterbalance MDSC-mediated tolerogenic 
mechanisms.

We found particularly interesting NK cells and γδ T 
cells which are FcR positive and thus important effectors 
mediating the mAb-triggered ADCC response. Accord-
ingly, NK cells have been shown to prevent the dissemina-
tion of metastatic tumors [37], and their presence in tumors 
has been associated with better prognosis [38]. In contrast 
to earlier reports in gastric cancer patients [13, 39], NK 
cell frequencies in our cohort were not decreased, and we 
detected significantly higher frequencies of CD16+CD56+ 
cells with an activation status comparable to HDs (CD69 
expression).

Vδ2+ T cells comprise 1–6 % of circulating T cells in 
the healthy population [40]. In contrast to previous find-
ings reporting an increase of the Vδ2+ T cell pool in gas-
tric cancer patients [41], our data suggests that Vδ2+ T 
cell frequency does not differ in gastric cancer patients 
versus HDs [13]. Furthermore, we found a similar fre-
quency of CD69+Vδ2+ T cells but a significantly lower 
frequency of CD25+Vδ2+ T cells as compared to HDs. In 
women with breast cancer, the γδ T cell-induced immune 

modulation associated with good prognosis is corre-
lated with an increase in CD69+ γδ T cells [42]. Accord-
ingly, the progressive disease status in our patient popula-
tion may account for the unaltered (CD69) and decreased 
(CD25) activation of Vδ2+ T cells. We detected a median 
of 61 events for the CD69+Vδ2+ T cells subpopulation. 
Such rather low event counts should be regarded with cau-
tion if only small differences are observed between dif-
ferent donors or time points of interest. Nevertheless, the 
observed tenfold decrease in the CD25+Vδ2+ cell popula-
tion in patients versus HD represents such a strong signal 
that we consider this difference a real effect.

Interestingly, based on the frequency of CD16+Vδ2+ T 
cells, gastric cancer patients can be divided into two sub-
populations, both significantly different from HDs. CD16+ 
γδ T cells have a high cytolytic potency and are enriched in 
peripheral blood of cancer patients [43]. Vδ2+ T cells seem 
to undergo phenotypic changes following antigen exposure, 
i.e., the CD45RA+CD62L+ T cell phenotype shifts toward 
a CD45RA−CD62L+ phenotype, and subsequent stimula-
tion seems to induce a shift from CD45RA−CD62L− to 
CD45RA+CD62L− phenotype. Patients with advanced 

Fig. 4   Vδ2+ T cell activation in gastric cancer patients is impaired 
(staining Panel-1). PBMCs from 30 gastric cancer patients (filled cir-
cles) and eight healthy donor samples (filled triangles) were analyzed 
with regard to Vδ2+ T cells in terms of overall frequency by deter-
mining Vδ2+ T cells (a), the activation status with regard to CD25 (b) 
and CD69 (c) and the CD16-positive Vδ2+ T cell subpopulation for 

the whole patient population (d), and patients with a low percentage 
of CD16+ Vδ2 T cells (e) and with an increased percentage of CD16+ 
Vδ2+ T cells (f). The horizontal black lines represent median. p val-
ues were obtained with a Mann–Whitney test, *p < 0.05; **p < 0.01; 
***p  <  0.001. HD healthy donors, n.s. not significant, P patients, 
PBMCs peripheral blood mononuclear cells
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gastric cancer appear to have significantly higher frequen-
cies of CD45RA+CD62L+ and CD45RA−CD62L+ Vδ2+ 
T cells, whereas CD45RA−CD62L− Vδ2+ T cells were 
clearly reduced compared to HDs. In breast and prostate 
cancer patients with stable disease or partial regression, 
the opposite has been observed [42, 44]. Our data sug-
gests that most Vδ2+ T cells in patients with advanced 
gastric cancer have not yet encountered antigen or remain 
in an inactivated state following antigen exposure and 
traffic to the lymph nodes, but lack immediate effec-
tor function. Patients with late-stage disease are clearly 
impaired regarding their highly potent IFNγ-producing 
effector memory cells. It remains to be clarified whether 
the reduced CD45RA−CD62L− Vδ2+ T cell frequency 
is due to increased tissue migration or a result of poten-
tially tumor-induced alteration of cell differentiation of 
CD45RA+CD62L+ and CD45RA−CD62L+ Vδ2+ T cells. 
Other factors, such as age, have been described to influ-
ence Vδ2+ T cell populations [45] proposing further stud-
ies in cancer patients and control groups with predefined 

age groups. In addition, the detected events for selected 
sub-populations were rather low and should therefore be 
interpreted with caution and require additional experiments 
acquiring more events. Notably, the observed expression 
pattern of CD62L and CD45RA on Vd2+ cells closely 
resembles the pattern detected by Roux et al. [45], suggest-
ing that the acquired data set indeed reflects true biological 
findings.

In conclusion, this study provides a comprehensive and 
systematic analysis of the immune status of patients with 
gastric cancer. We observed differences between patients 
and HDs in frequency, phenotype, and activation status 
both of rare immune cell subsets that have not been studied 
extensively so far and of major immune cell subsets such as 
B cells and NK cells. We observed signs of ongoing anti-
tumor immune response indicated by higher T cell activa-
tion and the enhanced frequencies of highly potent effector 
cells such as CD16+ NK and Vδ2+ T cells in parts of the 
patient population. Importantly, our results thus demon-
strate that while patients enrolled in this study might have 
an altered immune system, they were not generally immu-
nosuppressed. Despite the apparently ongoing antitumor 
response, we also demonstrated the presence of patient-spe-
cific local/general suppressive mechanisms that likely hin-
der the immune system to exert a fully effective antitumor 
response. Furthermore, we provide important data about 
different cell populations of the patient´s immune system 
which might allow the future development of novel immu-
nomodulatory treatments to improve antitumor responses 
while in parallel overcoming disease-specific tolerogenic 
mechanisms. Moreover, our findings are valuable for the 
determination of patient prognostic and immunotherapy 
response predictive markers.
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(staining Panel-4). PBMCs from 30 gastric cancer patients (filled 
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analyzed with regard to CD45RA+CD62L+ Vδ2+ T cells (a), 
CD45RA−CD62L+ Vδ2+ T cells (b), CD45RA−CD62L− Vδ2+ T 
cells (c), CD45RA+CD62L− Vδ2+ T cells (d). The horizontal black 
lines represent median. p values were obtained with a Mann–Whitney 
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