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Abstract Human NK cells can be divided into two
subsets, CD56dimCD16(+)NK and CD56brightCD16(¡)NK
cells, based on their expression of CD56 and CD16. In the
present study, we analyzed the relationship between
CD56dim/CD56bright NK cells and H2O2 in tumor-inWltrating
NK cells in patients with gastric (n = 50) and esophageal
(n = 35) cancer. The ratio of CD56dim NK cells inWltrating
tumors gradually decreased according to disease progres-
sion. H2O2 was abundantly produced within tumor microen-
vironments, and there was an inverse correlation between
CD56dim NK cell inWltration and H2O2 production. CD56dim

NK cells are more sensitive to apoptosis induced by physio-
logical levels of H2O2 than CD56bright NK cells. Further-
more, the exposure of NK cells to H2O2 resulted in the
impairment of ADCC activity. In conclusion, H2O2 pro-
duced within tumor microenvironments inversely correlated
with the inWltration of CD56dim NK cells, possibly due to
their preferentially induced cell death. These observations
may explain one of the mechanisms behind NK cell dys-
function frequently observed in tumor microenvironments.

Keywords NK cells · CD16 · CD56 · Gastric cancer · 
Esophageal cancer · H2O2

Introduction

Therapeutic monoclonal antibodies (mAbs) such as
Trastuzumab and Cetuximab targeting the HER family

constitute a novel and attractive approach to treat cancer
[1–3], and antibody-dependent cellular cytotoxicity
(ADCC) was proven to be one of the important mecha-
nisms of therapeutic mAbs [4, 5]. However, we and others
have reported that Trastuzumab- and Cetuximab-mediated
ADCC is impaired in comparison with healthy donors due
to NK cell dysfunction [6–8]. In general, NK cell dysfunc-
tion has been reported in various types of malignancy,
including an imbalance in their activating and inhibitory
receptor repertoire such as NKG2D and CD161 [9], low
expression of the signal transducing � chain on NK cells
[10, 11], and the down-regulation of cytotoxic machinery
on NK cells caused by immunosuppressive cytokines such
as IL-10 and TGF-beta [12, 13]. Thus, improvement of the
NK cell function may result in the resolution of impaired
ADCC in patients with cancer, leading to successful treat-
ment with Trastuzumab and Cetuximab.

Human NK cells can be divided into two subsets,
CD56dimCD16(+)NK and CD56brightCD16(¡)NK cells,
based on their expression of CD56 and CD16 [14]. It has
been thought that CD56dim NK cells are potent cytotoxic
cells which mainly mediate ADCC, while CD56bright NK
cells produce high levels of cytokines such as IFN-� and
regulate the immune response [14], although the biological
relationship between CD56dim and CD56bright NK cells is
still unclear. Regarding the relationship between CD56bright

and CD56dim NK cells, it has been reported that an
increased ratio of CD56bright-to-CD56dim NK cells was
observed in the presence of a chronic inXammatory status,
such as rheumatoid arthritis and tuberculosis [15]. More-
over, these observations might be explained by the fact that
CD56bright NK cells are more resistant to reactive oxygen
species (ROS)-induced apoptosis than CD56dim NK cells,
and ROS are abundantly produced at chronic inXammatory
sites [16, 17]. However, with regard to CD56dim and
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CD56bright NK cells in tumor-bearing hosts, the preferential
apoptosis of CD56dim NK cells was observed in patients
with head and neck and breast cancer [18], but very limited
information was provided. Thus, these observations
prompted us to investigate the relationship between
CD56bright and CD56dim NK cells within tumor microenvi-
ronments, in order to clarify the mechanisms behind NK
cell dysfunction.

In the present study, we analyzed the relationship
between CD56dim/CD56bright NK cells and ROS in tumor-
inWltrating NK cells in gastric and esophageal cancer
patients.

Materials and methods

Patients

Fifty patients with gastric cancer (37 men and 13 women)
and 35 patients with esophageal squamous cell carcinoma
(ESCC) (32 men and 3 women), who were operated on in
the University of Yamanashi Hospital from May 2009 to
May 2010, were enrolled in the present study. The charac-
teristics of the patients are shown in Table 1.

Patients with gastric cancer were divided into 2 groups:
those with early disease (n = 32) corresponding to stage I
according to the TNM classiWcation for gastric cancer
(UICC. 6th edition), and those with advanced disease

corresponding to stage II, III, and IV (n = 18). Patients with
ESCC were divided into 2 groups: those with early disease
(n = 10) corresponding to stage 0 and stage I of the TNM
classiWcation for esophageal cancer (UICC. 6th edition),
and those with advanced disease corresponding to stage II,
III, and IV (n = 25).

Blood samples were taken from 20 healthy volunteers
(18 men and 2 women; 38.1 § 10.1 years). This study was
approved by the ethics committee of the University of
Yamanashi, and written informed consent was obtained
from all patients.

Chemicals and cell lines

Human catalase was purchased from GE Health Care
(Uppsala, Sweden), and H2O2 was purchased from
Sigma-Aldrich (St. Louis, MO, USA). Anti-HER2 mAb
Trastuzumab (Herceptin, Roche, Basel, Switzerland) and
anti-CD20 mAb Rituxan (Roche), which is an isotype-
matched control mAb, were used for the antibody-depen-
dent cell-mediated cytotoxicity assay (ADCC).

The esophageal squamous cell carcinoma (ESCC) cell
line TE4 was a kind gift from Dr. Nishihara (Institute of
Development, Aging and Cancer, University of Tohoku,
Sendai, JAPAN).

Cell preparation and NK puriWcation

PBMCs were isolated using Ficoll-Paque Plus (Amersham
Biosciences, Uppsala, Sweden) density gradient solution.
Tumor tissue and normal mucosa were isolated during
surgery and homogenized by mechanical mincing with
X-VIVO15 medium (CAMBREX, East Rutherford, NJ,
USA). Subsequently, the single-cell suspension was puri-
Wed by centrifugation with Ficoll-Paque Plus. Cells derived
from peripheral blood, tumor tissue, and normal mucosa
were subjected to subsequent assay on fresh cells without
cryopreservation or any digestion step. After the cell prepa-
ration, the viability of PBMCs, tumor-inWltrating lympho-
cytes, and intraepithelial lymphocytes (IELs) were >95%,
75–90%, and 75–85%, respectively. Although some artifac-
tual components such as dead cells might be contaminated,
these components were removed in the analysis by gate-out
with Xow cytometry.

To prepare NK cells by negative selection, the NK cells
were isolated from PBMCs by centrifugation with Ficoll-
Paque after being incubated with the RosetteSep antibody
cocktail for NK cells (StemCell Technologies Inc., Van-
couver, British Columbia, Canada). The RosetteSep anti-
body cocktail was bound in bispeciWc antibody complexes,
which are directed against cell surface antigens on human
hematopoietic cells (CD3, CD4, CD19, CD36, and CD66b)
and glycophorin A on red blood cells. Unwanted cells,

Table 1 Characteristics of the patients

TNM classiWcation of gastric and esophageal cancer (6th edition,
UICC)

Gastric cancer 
(n = 50)

Esophageal cancer 
(n = 35)

Age (years old)

Total 67.7 § 10.8 66.8 § 8.26

Early disease 69.5 § 9.51 (n = 32) 67.3 § 4.5 (n = 10)

Advanced disease 64.4 § 12.4 (n = 18) 66.7 § 9.6 (n = 25)

Stage 0 – 3

Stage I 32 7

Stage II 6 11

Stage III 9 10

Stage IV 3 4

T1 30 14

T2 7 5

T3 11 15

T4 2 1

N0 29 15

N1 19 20

N2 2 ND

N3 – ND
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which adhered to red blood cells, and desired cells were
separated using a Ficoll-Paque density gradient. The puri-
Wed cells were conWrmed to be more than 93% positive for
CD56(+)CD3(¡)NK cells by Xow cytometry.

Immunohistochemistry

8-hydroxy-2�-deoxyguanosine (8OHdG) staining was con-
ducted using the avidin–biotin-peroxidase complex method
(Vectastain ABC elite kit, Vector laboratories, Burlingame,
CA, USA) [18]. BrieXy, each paraYn section was dewaxed,
followed by antigen retrieval with target retrieval solution
(10 mmol citrate buVer (pH 6.0), DAKO) with an autoclave
(121°C, 15 min), and sections were incubated for 20 min
with diluted normal blocking serum. Then, anti-8OHdG-
monoclonal-antibody (the Japan Institute for the Control of
Aging, Fukuroi, Japan) was applied for 4 h at room temper-
ature. Thereafter, the sections were incubated with 1%
H2O2 for 10 min, and peroxidase-linked secondary antibod-
ies and diaminobenzidine were used to detect speciWc bind-
ing. The sections were counterstained with hematoxylin.
The 8OHdG positive cells in tumor tissue were expressed
as the mean values in Wve randomly selected areas at
400 £ magniWcation.

Flow cytometry

For the distribution of CD56dim and CD56bright NK cells,
lymphocytes were stained with CD16-FITC, CD56-PE,
and CD3-APC (DAKO, Glostrup, Denmark), and
CD56dimCD16(+)NK or CD56brightCD16(¡)NK cells gated on
CD56(+)CD3(¡) cells were expressed as a percentage of the
total NK cells (CD56(+)CD3(¡) cells) (Fig. 1a).

For the apoptosis assay, apoptosis in each cell was mea-
sured by staining with FITC-conjugated Annexin V and
7AAD (MBL, Nagoya, Japan) following the manufac-
turer’s recommendations.

H2O2 production assay with Xow cytometry

The production of hydrogen peroxide (H2O2) by both base-
line and stimulated monocytes was assessed by the forma-
tion of intracellular 2�,7�-dichloroXuorescein (DCF) [20].
Cells in 200 �l of X-VIVO were incubated with 5 �l of
1 mM 5-chloromethyl-2�,7�-dichlorodihydroXuorescein
diacetate, acethyl ester (CM-H2DCFDA; Invitrogen, OR,
USA) for 20 min at 37°C in a shaking water bath shielded
from light in the presence or absence of phorbol myristate
acetate (PMA; Wako, Japan; Wnal concentration: 0.5 �g/
ml). The reaction was stopped by the addition of 100 �l of
ice-cold PBS, and cells were stained with CD14-APC
(Dako). The production of H2O2 was determined as: mean
DCF Xuorescence intensity of PMA-stimulated CD14(+)

cells—mean DCF Xuorescence intensity of non-stimulated
CD14(+) cells. Tert-butyl hydroperoxide (TBHP, 100 �M,
Molecular Probes, OR, USA) was used as a positive
control.

Antibody-dependent cell-mediated cytotoxicity assay 
by NK cells

After the target cells (HER2-overexpressing ESCC, TE4)
were labeled with 50 �Ci of 51Cr for 60 min, target cells
(5 £ 103/well) and puriWed NK cells were co-incubated at
various eVector/target ratios in 200 �l of X-VIVO medium
in a 96-well U-bottomed plate in triplicate with Trast-
uzumab (5 �g/ml) or the control mAb, Rituxan (5 �g/ml).
After 6 h of incubation, the radioactivity of the supernatant
(100 �l) was measured with a �-counter. The percentage of
speciWc lysis was determined as: 100 £ (experimental
cpm ¡ spontaneous cpm)/(maximum cpm ¡ spontaneous
cpm).

Statistical analysis

The paired Student’s t-test was used to examine diVerences
between the IELs and TILs. The non-paired Student’s t-test
was used to examine diVerences between the advanced and
early disease. Correlations between values were evaluated
using non-parametric Spearman’s rank correlation. Find-
ings were considered signiWcant when P values were <0.05.

Results

Distribution of CD56dim and CD56bright NK cells 
in tumor-inWltrating NK cells in patients with gastric 
and esophageal cancer

Representative Xow cytometric data of CD16/CD56/CD3
staining for PBLs and TILs were shown in Fig. 1a.
CD56dimCD16(+)NK or CD56brightCD16(¡)NK cells gated
on CD56(+)CD3(¡)NK cells were expressed as a percent-
age of the total NK cells (Fig. 1b). In the patients with gas-
tric cancer (n = 50), the decreased ratio of CD56dim NK to
CD56bright NK cells was signiWcant in TILs compared to
intraepithelial lymphocytes (IELs) of the normal gastric
mucosa (Fig. 1b). Furthermore, the decreased ratio of
CD56dim NK cells in TILs was more pronounced in
advanced (n = 18) rather than early disease (n = 32) of gas-
tric cancer. Similarly, a signiWcantly decreased ratio of
CD56dim NK cells was observed in TILs of esophageal can-
cer (n = 35) compared to IELs of the normal esophageal
mucosa, and the level of the decrease in CD56dim NK cells
in TILs was more pronounced in advanced (n = 25) than in
early disease of esophageal cancer (n = 10) (Fig. 1b).
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Furthermore, when the absolute number of CD56dim NK
cells per 5 mm3 tissue samples was calculated, decreased
number of CD56dim NK cells were observed in TILs in
comparison with IELs in both gastric and esophageal
cancer (Fig. 1c).

On the contrary, there was no signiWcant diVerence in the
distribution of CD56dim NK cells in PBMCs between cancer
patients and healthy donors (94.7 § 2.8% in health donors,
93.6 § 6.2% in gastric cancer, and 95.1 § 3.5% in ESCC).

Thus, regarding the tumor microenvironment, the inWl-
trating ratio of CD56dim NK cells and the absolute number

of CD56dim NK cells was signiWcantly decreased in
comparison with the normal mucosa and their levels of
inWltrating ratio gradually decreased according to disease
progression.

H2O2 production within tumor microenvironments

Since it was shown that CD56dim NK cells are more sensi-
tive to ROS than CD56bright NK cells [17], we evaluated the
levels of H2O2 within tumor microenvironments employing
immunohistochemical analysis with 8OHdG staining [19]

Fig. 1 Ratio of 
CD56dimCD16(+)NK cells in 
tumor-inWltrating NK cells. 
Lymphocytes were stained with 
CD16-FITC, CD56-PE, and 
CD3-APC. Representative Xow 
cytometric data of tumor-
inWltrating lymphocytes (TIL) 
from early disease (Early) and 
advanced disease (Advanced) 
gastric cancer as well as periph-
eral blood lymphocytes (PBL) 
from healthy donors are shown 
in (a). The ratio of 
CD56dimCD16(+)NK cells 
(%CD56dim) is expressed as the 
percentage of total NK cells in 
TILs from early disease (Early) 
and advanced disease 
(Advanced) gastric cancer 
(b) and esophageal cancer (b) in 
comparison with those in 
intraepithelial lymphocytes 
(IELs) of the normal mucosa. 
The absolute number of 
CD56dimCD16(+)NK cells per 
5 mm3 tissue sample is 
expressed in TILs from early 
disease (Early) and advanced 
disease (Advanced) gastric 
cancer (c) and esophageal 
cancer (c) in comparison with 
those in intraepithelial 
lymphocytes (IELs) of the 
normal mucosa. *P < 0.01, 
**P < 0.05
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and Xow cytometric analysis with the DCFDA/PE-CD14
technique [20].

As shown in Fig. 2a, the production of H2O2 from tumor-
inWltrating M� can be evaluated quantitatively by Xow
cytometry. As a result, H2O2 production was signiWcantly
elevated in TILs in comparison with IELs of the normal gas-
tric mucosa, and the level of H2O2 production within TILs
was more pronounced in advanced than in early disease of
gastric cancer (Fig. 2b). Similarly, H2O2 production was sig-
niWcantly increased in TILs in comparison with IELs of the
normal esophageal mucosa, and the level of H2O2 produc-
tion within TILs was more pronounced in advanced than in
early disease of ESCC (Fig. 2c). Thus, the level of H2O2

production in TILs was up-regulated according to disease
progression (Fig. 2b and c).

In order to conWrm the quantitative accuracy regarding
the grade of H2O2 by Xow cytometry, immunohistochemical
(IHC) staining with anti-8OHdG mAb was semiquantita-
tively performed for the same cohorts. Representative
staining for 8OHdG as well as CD56 in the serial section
is shown in Fig. 3a. The grade of 8OHdG-positive cells
with IHC in TILs was signiWcantly correlated with the
levels of H2O2 production of tumor-inWltrating M� with
Xow cytometry in each patient with gastric cancer and
ESCC (Fig. 3b and c). Taken together, these observa-
tions strongly indicate that H2O2 was abundantly

Fig. 2 H2O2 production of 
tumor-inWltrating macrophages. 
The production of hydrogen per-
oxide (H2O2) by CD14(+) cells 
was assessed by Xow cytometry 
based on the formation of 
intracellular 2�,7�-dichloroXuo-
rescein (DCF). Representative 
Xow cytometric data (a) show 
that H2O2 was determined as: the 
mean Xuorescence intensity 
(MFI) of PMA-stimulated 
CD14(+) cells—MFI of 
non-stimulated CD14(+) cells. 
Summarized data from tumor-
inWltrating macrophages in early 
disease (Early) and advanced 
disease (Advanced) gastric 
(b) and esophageal (c) cancer in 
comparison with those in intra-
epithelial lymphocytes (IELs) of 
the normal mucosa are shown. 
Representative Xow cytometric 
data for a positive control are 
shown using tumor-inWltrating 
macrophages in the presence 
of Tert-butyl hydroperoxide 
(TBHP) (d). *P < 0.01, 
**P < 0.05, MFI mean 
Xuorescence intensity
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produced within tumor microenvironments, and the
levels of H2O2 were up-regulated according to disease
progression.

Correlation between CD56dim NK inWltration and H2O2 
production within tumor microenvironments

When each value of CD56dim NK inWltration and H2O2

production in individual cases was plotted in gastric cancer
and ESCC (Fig. 3d and e), there were signiWcant inverse

correlations between CD56dim NK inWltration and H2O2

production within tumor microenvironments.

Apoptosis of NK cells after treatment with H2O2

PuriWed NK cells with negative selection from PBMCs of
healthy donors (n = 9) were incubated with H2O2 for 4 h at
the indicated doses of physiological levels and were subjected
to apoptosis analysis with 7AAD- and Annexin V staining in
combination with CD56/CD16 mAbs. Representative Xow

Fig. 3 Correlation between 
CD56dim NK cell inWltration and 
H2O2 production within tumor 
microenvironments. IHC 
staining with anti-8OHdG mAb 
was semiquantitatively 
performed for gastric (n = 50) 
and esophageal (n = 35) cancer. 
Representative staining for 
8OHdG and CD56 in the serial 
sections is shown in (a). The 
grade of 8OHdG-positive cells 
in TILs was signiWcantly 
correlated with the levels of 
H2O2 production of tumor-
inWltrating M� with Xow 
cytometry in each patient with 
gastric cancer (b) and ESCC (c). 
When each value of CD56dim 
NK cell inWltration and H2O2 
production in individual cases 
was plotted in gastric cancer 
(n = 50) and ESCC (n = 35), 
there were signiWcant inverse 
correlations between CD56dim 
NK inWltration and H2O2 
production within tumor 
microenvironments. MFI mean 
Xuorescence intensity
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cytometric data for CD56dim NK cells indicated that
CD56dim NK cells underwent apoptosis with exposure to
H2O2 in a dose-dependent manner (Fig. 4a). Of note, there
were marked diVerences in the grade of apoptosis between
CD56dim NK and CD56bright NK cells (Fig. 4b). These
observations were conWrmed in 6 independent experiments
using PBMCs from diVerent donors. Thus, CD56dim NK
cells are more sensitive to apoptosis induced by H2O2 than
CD56bright NK cells.

NK dysfunction after treatment with H2O2

In order to evaluate the functional consequence of NK cell
exposure to H2O2, puriWed NK cells from healthy donors
(5A) and gastric cancer patients (5B) were treated with

H2O2 for 4 h in combination with catalase, which is a selec-
tive inhibitor of H2O2, and subjected to Trastuzumab-
mediated ADCC assays for HER2-overexpressing ESCC,
TE4, in which the number of treated NK cells was adjusted
as eVector cells just before ADCC assays.

As shown in Fig. 5a, puriWed NK cells eYciently killed
TE4 cells by Trastuzumab-mediated ADCC, with 87%
lysis at a 20:1 of E/T ratio. When the puriWed NK cells
were treated with H2O2, Trastuzumab-mediated ADCC
was markedly down-regulated to 68% (10 �M) and 17%
(20 �M) lysis, respectively, and the decreased ADCC was
completely restored by the addition of catalase (Fig. 5a).
Representative ADCC data from diVerent experiments
clearly showed that the down-regulation of ADCC induced
by H2O2 was dose-dependent (Fig. 5c). These observations

Fig. 4 Apoptosis of NK cells 
after treatment with H2O2. 
PuriWed NK cells were 
incubated with H2O2 for 4 h 
at indicated doses within 
physiological levels and were 
subjected to apoptosis analysis 
with 7AAD and FITC-
conjugated Annexin V staining 
in combination with CD56/
CD16 mAbs. Representative 
Xow cytometric data for 
CD56dim NK cells indicated that 
CD56dim NK cells underwent 
apoptosis on exposure to H2O2 
in a dose-dependent manner (a). 
Of note, there were marked 
diVerences in the grade of 
apoptosis between CD56dim NK 
and CD56bright NK cells (b and 
c). These observations were 
conWrmed in 9 independent 
experiments using PBMCs from 
diVerent donors
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were conWrmed in 6 independent experiments using
PBMCs from diVerent donors. Thus, with exposure to
H2O2, NK cells exhibited impaired ADCC activity.

Discussion

The present study provided novel and clinically important
Wndings relevant to the relationship between NK cell inWl-
tration and H2O2 within the tumor microenvironments of
gastric and esophageal cancer. First, the inWltrating ratio of
CD56dim NK cells within the tumor gradually decreased
according to disease progression. Second, H2O2 was abun-
dantly produced within tumor microenvironments, and
there was an inverse correlation between CD56dim NK cell
inWltration and H2O2 production. Third, CD56dim NK cells
are more sensitive to apoptosis in the presence of physio-
logical levels of H2O2 than CD56bright NK cells. Further-
more, with exposure to H2O2, NK cells showed impaired
ADCC activity.

In general, the grade of tumor-inWltrating NK cells
correlates with better prognosis in patients with various

cancers [21, 22]. Furthermore, it has been shown that not
only the number of tumor-inWltrating NK cells, but also the
per cell expression of CD16 in tumor-inWltrating NK cells
correlates with the functional capacity of NK cells in cancer
patients [23]. In the present study, we presented novel Wnd-
ings that the inWltrating ratio of CD56dim NK cells gradu-
ally decreased according to the disease progression of
tumors. Taken together, both the inWltrating grade and
characteristic diVerence in tumor-inWltrating NK cells are
involved in the regulation of NK-mediated immunity
within tumor microenvironments.

As one of the mechanisms behind the inWltrating ratio of
CD56dim NK cells gradually decreasing with disease pro-
gression, we showed in the present study that CD56dim NK
cells are more sensitive to apoptosis induced by H2O2

within tumors than CD56bright NK cells. These observations
are consistent with a previous report that exposure to H2O2

of CD56dim NK cells resulted in the lost expression of
cytotoxic function-related receptors such as NKp46 and
NKG2D and then selectively undergo cell death in compar-
ison with CD56bright NK cells [17]. In addition, it was
shown that CD56dim NK cells in tuberculosis patients were

Fig. 5 NK dysfunction after treatment with H2O2. PuriWed NK cells
were treated with H2O2 for 4 h in combination with catalase and
subjected to Trastuzumab-mediated ADCC assays for HER2-
overexpressing ESCC, TE4, in which the number of treated NK cells
was adjusted as eVector cells just before ADCC assays. Representative
data of ADCC assay are shown in PBLs from a healthy donor (a) and

a gastric cancer patient (b). These observations were conWrmed in 6
independent experiments using PBMCs from the healthy donors and 4
independent experiments using PBMCs from the patients. Representa-
tive ADCC data from diVerent experiments clearly showed that the
down-regulation of ADCC induced by H2O2 was dose-dependent (c).
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more susceptible to apoptosis than CD56bright NK cells
[15]. These observations support our Wnding that H2O2 pro-
duced within tumor microenvironments induced the prefer-
ential cell death of CD56dim NK cells, leading to an inverse
correlation of CD56dim NK cell inWltration with H2O2 pro-
duction. To explain the diVerence in the sensitivity to H2O2

between CD56bright NK and CD56dim NK cells, it has been
reported that CD56bright NK cells have more increased
intracellular anti-oxidative functions such as involving
paraoxonase-2 and lysozyme, which were up-regulated at
least sixfold in CD56bright NK compared to CD56dim NK
cells [24–26].

Reactive oxygen species (ROS) such as H2O2 are pro-
duced by activated granulocytes and M� during inXamma-
tion [27, 28] and also by tumor cells [29, 30]. In the present
study, we conWrmed that H2O2 was abundantly produced
within tumor microenvironments of gastric and esophageal
cancer using both Xow cytometry and IHC, and H2O2 pro-
duction gradually increased according to disease progres-
sion. As it has been shown that the biology of human
cancer may reXect chronic or recurrent inXammation [31],
it is possible that H2O2 production may reXect the grade of
inXammation within tumors. The local cytokine or chemo-
kine milieu relating to inXammation could activate tumor-
inWltrating M� or granulocytes, leading to H2O2 production
within tumors.

The concept that H2O2 produced within a tumor induces
preferential cell death of CD56dim NK cells in the present
study may explain why NK cell dysfunction is frequently
observed in tumor microenvironments [32–34]. However, it
has been reported that H2O2 exhibits both apoptotic and
stimulatory eVects on T cells [35, 36]. Thus, there may be
dose windows of H2O2 regarding its action on T and NK
cells. Alternatively, other unknown factors in addition to
H2O2 may be involved in the regulation of apoptotic signals
in NK cells.

In conclusion, there was an inverse correlation between
CD56dim NK cell inWltration and H2O2 production in the
tumor microenvironments of gastric and esophageal cancer,
and H2O2 could induce the preferential cell death of
CD56dim NK cells. A better understanding of immunoregu-
lation relating to H2O2 production may lead to the improve-
ment of NK cell functions within tumor microenvironments.

ConXict of interest The authors have no conXicts of interest.
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