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A B S T R A C T

NKG2D is an activating receptor expressed on NK cells that binds to a variety of ligands, including MICA and
MICB. These cell surface glycoproteins are overexpressed under cellular transformation, thus playing an
important role in cell-mediated immune response to tumors. STAT3 is a transcription factor that is constitutively
active in cancer. It negatively regulates MICA expression on target cells, while its inhibition enhances NK cell
cytotoxicity against tumors. In this work, we aimed to describe the effect of STAT3 signaling inhibition by STA21
on the regulation of MICB expression in gastric adenocarcinoma cells and its effect on the cytotoxic function of
NK cells. Treatment of gastric adenocarcinoma cells with STA21 induced an increase in MICB expression and
soluble MICB secretion, as well as a variable pattern on effector cell degranulation. Soluble MICB secretion by
gastric adenocarcinoma cells was not affected by metalloprotease inhibition. We also observed that primary
gastric adenocarcinoma tissue released soluble MICB into the extracellular milieu. Recombinant MICB induced a
significant decrease in the levels of NKG2D receptor on effector NK and CD8+ T cells, which correlated with an
impaired cytotoxic function. Altogether, our data provide evidence that STAT3 signaling pathway regulates
MICB expression on gastric adenocarcinoma cells and that recombinant soluble MICB compromises the cytolytic
activity of NK cells.

1. Introduction

The major histocompatibility complex class I chain-related mole-
cules A and B (MICA/B) are ligands of the natural killer group 2,
member D (NKG2D) activation receptor of NK cells and other cytolytic
lymphocytes, which play a crucial role in immune surveillance against

tumors (Bauer et al., 1999; Raulet, 2003). The presence of NKG2D
ligands (NKG2DLs) on tumor cells at early stages of cancer development
triggers the cytotoxic activity of effector cells, contributing to tumor
elimination (Huergo-Zapico et al., 2014). Indeed, the levels of tumor-
associated NKG2DLs have been correlated with improved survival in
patients with colorectal and early breast cancer (Watson et al., 2006; de
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Kruijf et al., 2012). In contrast, in ovarian cancer and advanced gastric
cancer, the levels of NKG2DLs expression on tumor tissue predicts a
poor prognosis of the disease (McGilvray et al., 2010; Ribeiro et al.,
2016), suggesting that tumor expression of NKG2DLs may play an
opposing role in immune surveillance depending on the tumor type and
stage.

Tumor cells can also release soluble forms of NKG2DLs (sNKG2DLs)
into the extracellular microenvironment (Holdenrieder et al., 2006a,b).
Accordingly, high levels of sNKG2DLs are found in cancer patients’ sera,
which have been correlated with a more advanced clinical stage and
with a poor prognosis of the disease (Holdenrieder et al., 2006a,b; Salih
et al., 2006). It has been described that high serum levels of soluble
MICA (sMICA) interfere with anti-tumor immunity through the down-
regulation of the NKG2D receptor on cytolytic cells (Groh et al., 2002;
Jinushi et al., 2005; Duan et al., 2011; Wu et al., 2004). Therefore,
deficiency in the NKG2D-mediated effector functions by NK cells and
CD8+ T lymphocytes has been proposed as one of the mechanisms by
which immune-mediated tumor elimination is compromised (Groh
et al., 2002).

The mechanisms that regulate NKG2DLs expression on target cells
are not completely understood. STAT3 is a member of the intracellular
signal transducers and activators of transcription (STAT) family. STAT3
pathway is constitutively active in several types of tumors, including
gastric cancer (Kim et al., 2009), a feature that is also observed in tumor
cell lines, such as gastric adenocarcinoma and prostate cancer cells
(Kanda et al., 2004; Mora et al., 2002). STA21 is a small molecule with
potent STAT3-inhibiting activity; it blocks STAT3 pathway activation in
breast cancer cells that present constitutive STAT3 signaling (Song
et al., 2005). Previous reports have demonstrated that STAT3 nega-
tively regulates MICA expression on target cells, while inhibition of
STAT3 activation enhances NK cell cytotoxicity against tumor cells
(Bedel et al., 2011).

In this study, we aimed to investigate the role of STAT3 in the
regulation of MICA and MICB expression on gastric adenocarcinoma
cells. We also analyzed the effect of recombinant MICB on NKG2D
receptor expression on effector cells and in their cytotoxic function.

2. Methods

2.1. Cell lines and primary cell cultures

Human gastric adenocarcinoma cell lines AGS (ATCC, Pennsylvania,
PA, U.S.A) and MKN45 (Riken Bio Resource Center, kindly provided by
Dr. Andrew Quest, Instituto de Ciencias Biomédicas, Universidad de
Chile), and human K562 erythroleukaemia cells (ATCC), were main-
tained in RPMI 1640 culture medium (HyClone Thermo Scientific,
Logan City, UT, U.S.A). Prostatic adenocarcinoma cell line LNCaP
(ATCC, gently provided by Dr. Ricardo Moreno, Department of
Physiology, Pontificia Universidad Católica de Chile) was maintained
in Dulbecco's modified Eagle's medium, D-MEM/F-12 (Invitrogen,
Carlsbad, CA, U.S.A). Cell media were supplemented with 10% fetal
calf serum (FCS), 1 mM glutamine and 100 mg/mL penicillin-strepto-
mycin (HyClone Thermo Scientific) at 37 °C in a humidified atmosphere
of 5% CO2. For all experiments performed, cell lines were used until
passage 10.

Five patients treated at the Department of Gastrointestinal Surgery,
Hospital del Salvador (Santiago, Chile) and pathologically diagnosed
with gastric adenocarcinoma, were enrolled in this study. Gastric tumor
and matched mucosal tissues (1 g, approximately) were incubated in
RPMI-3% FCS medium for 24 h. The levels of soluble MICA and MICB in
the culture medium were determined by capture ELISA, as described
below. sMICA and sMICB concentrations were normalized by tissue
weight.

Peripheral blood mononuclear cells (PBMC) were isolated from
whole blood from healthy donors by separation with Ficoll–Hypaque
(GE Healthcare AB, Stockholm, Sweden). Isolated PBMC was treated

with 150 U/mL of recombinant human IL-2 (R & D Systems,
Minneapolis, MN, U.S.A) at 37 °C in a humidified atmosphere of 5%
CO2 for 18 h before experimental procedures.

Written informed consent for gastric tissue and blood donation was
obtained from all individual participants included in this work. This
study was approved by the Committee on Human Ethics Investigation
of the Faculty of Medicine, Universidad de Chile, and the Committee on
Scientific Ethics of the Metropolitan Health Service of the Chilean
Government.

2.2. Cell treatment with STA21

Cells were incubated in RPMI-3% FCS with 30 μM STA21 (Enzo Life
Science, Farmingdale, NY, U.S.A) or dimethylsulfoxide (DMSO), as
vehicle, for 24 h. The adherent cells were recovered with phosphate-
buffered saline (PBS)–2 mM EDTA solution, washed three times with
PBS and prepared for either flow cytometry staining, CD107a mobiliza-
tion assay, lactate dehydrogenase (LDH) cytotoxic assay or analysis of
soluble MICA and MICB released into the culture medium.

2.3. Flow cytometry analysis

Cell lines were incubated with either purified mouse anti-human
MICA or MICB monoclonal antibodies (mAb) (R & D Systems) followed
by incubation with goat anti-mouse FITC-conjugated antibody (KPL,
Gaithersburg, MD, U.S.A), as previously described (Serrano et al.,
2011). Purified mouse IgG2b (Santa Cruz Biotechnology, Santa Cruz,
CA, U.S.A) was used as the isotype control. For intracellular staining,
cells were fixed and permeabilized using BD Cytofix/Cytoperm™
Fixation/Permeabilization Solution (BD Biosciences, San Jose, CA,
U.S.A) and cell staining was performed according to the manufacturer’s
instructions. Flow cytometry was carried out using a FACSAria flow
cytometer (BD Bioscience) and the data were analyzed with FlowJo
v8.7 software (Treestar Inc, Ashland, OR, U.S.A).

2.4. Treatment of PBMC with recombinant MICA and MICB

PBMC isolated from healthy donors (3 × 105 cells) were incubated
in RPMI-3% FCS with recombinant MICA (rMICA) (ab182709, Abcam,
Cambridge, MA, U.S.A) at 100 ng/mL or recombinant MICB (rMICB)
(841623, R & D Systems) at 50 ng/mL for 24 h at 37 °C. In order to
evaluate NKG2D receptor expression on effector cells, PBMC were then
stained for 30 min at 4 °C with a mixture of anti-human mAbs: CD56-PE
(eBioscience, San Diego, CA, U.S.A), CD3-PE/Cy7 (Biolegend, San
Diego, CA, U.S.A), CD8-FITC (Biolegend), and NKG2D-APC (BD
Bioscience). Cells were further assessed by flow cytometry.

2.5. CD107a mobilization assay

Target tumor cells and PBMC, previously treated with STA21 or
recombinant MICA or MICB, respectively, were incubated at a 10:1
effector:target cell ratio in the presence of APC/Cy7-conjugated anti-
CD107a mAb (Biolegend) and 3 μM of BD GolgiStop™ Protein Transport
Inhibitor (BD Biosciences). Cells were then co-cultured for 5 h at 37 °C.
Cells were stained for CD56, CD3 and CD8 and analyzed by flow
cytometry as previously described. Alternatively, cells were fixed and
permeabilized with BD Cytofix/Cytoperm Fixation/Permeabilization
Kit (BD Biosciences) and intracellular IFN-γ was detected with
AlexaFluor700-conjugated anti-human IFN-γ mAb (Biolegend) for
additional 30 min at 4 °C, followed by flow cytometric analysis.

2.6. Lactate dehydrogenase (LDH) cytotoxic assay

After 5 h of effector-target cell co-culture, cells were centrifuged and
the supernatants were analyzed for the quantification of lactate
dehydrogenase (LDH) release using Cyto Tox96® Non-radioactive
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Cytotoxicity Assay Kit (Promega, Fitchburg, WI, U.S.A). Experiments
and analyses were performed according to the manufacturer’s instruc-
tions.

2.7. Real-time quantitative PCR (qRT-PCR)

Total RNA was extracted using E.Z.N.A.® Total RNA kit I (Omega
Bio-TekInc, Norcross, GA, U.S.A) and reversed transcribed using
AffinityScript reverse transcriptase (Agilent Technologies, Santa Clara,
CA, U.S.A). Samples were subjected to qRT-PCR using Stratagene
MX3000P real-time system (Agilent Technologies). mRNAs were quan-
tified using primers for MICA 5′-TGTAAG AAGAAAACATCAGCT-3′
(sense) and 5′-ATAGGTCAGGAAACTGAGGCAC-3′ (antisense) and for
MICB 5′- TCACGGGTTTCATTCAGTTGG-3′ (sense) and 5′- ACA
GCACCATGAGGTTGTAACG-3′ (antisense). Relative mRNA expression
was calculated using the ΔΔCt method using RPL27 mRNA as the
endogenous control.

2.8. Treatment with protease inhibitors

Tumor cell lines were incubated in RPMI-3% FCS or D-MEM/F-12-
3% FCS with the broad-spectrum metalloprotease inhibitors Batimastat
(BB94) (Merck, Darmstadt, Germany) at 10 μM and TNF-α protease
inhibitor I (TAPI-1) (Merck) at 5 μM for 24 h. sMICA and sMICB levels
in the supernatants of cell cultures were then determined by capture
ELISA.

2.9. Capture enzyme-linked immunosorbent assay (ELISA)

Plates were coated with the capture anti-MICA mAb AMO1
(BamOmaB, Gräfelfing, Germany) at 3 μg/mL in PBS at 4 °C overnight.
Plates were blocked by adding 1% w/v bovine serum albumin (BSA) in
PBS for 2 h at 37 °C. Samples were incubated at 4 °C overnight,
followed by incubation with a biotinylated goat anti-mouse MICA
detection antibody (R &D Systems) at 400 ng/mL for 2 h at 37 °C.
This reagent was diluted in 1% BSA/PBS and premixed with normal
goat serum at 2% v/v (Gibco Invitrogen) 2 h prior to use. Next, plates
were incubated with streptavidin-horseradish peroxidase (HRP)-con-
jugate (Sigma-Aldrich, St. Louis, MO, U.S.A) 1:2000 in 1% BSA/PBS for
30 min at room temperature. Each step was followed by washing 5
times with PBS/0.05% Tween 20 v/v. Finally, plates were developed
using 1-Step Ultra TMB-ELISA Substrate Solution (Thermo Scientific),
and absorbance was measured at 450 nm.

Soluble MICB was determined using Human MICB Duoset Kit (R & D
Systems), following the manufacturer’s instructions.

2.10. Statistical analysis

Where indicated, differences between two groups were calculated
by the two-tailed paired or unpaired t-test. One-way ANOVA with
Dunnett’s multiple comparison test was used to analyze the differences
among 3 or more groups. p < 0.05 was considered statistically
significant.

3. Results

3.1. STAT3 inhibition increases the expression of MICB on gastric
adenocarcinoma cell lines

MKN45 and AGS gastric adenocarcinoma cells express MICA and
MICB (Fig. 1A), as well as other NKG2DLs, such as ULBP molecules, on
their surface (data not shown). It has been reported that STAT3
inhibition in HT29 colorectal adenocarcinoma cells increases MICA
expression, but no change in MICB expression was observed (Bedel
et al., 2011). Since STAT3 is constitutively activated in AGS and MKN45
cell lines (Kanda et al., 2004) (data not shown), we decided to evaluate

the effect of STAT3 inhibition, using the specific inhibitor STA21, on
the expression of MICA and MICB in these gastric adenocarcinoma cell
lines.

To evaluate the effect of STA21 on the expression of NKG2DLs,
gastric adenocarcinoma cell lines were incubated with STA21, and
MICA and MICB mRNA levels were estimated by qRT-PCR. When
MKN45 and AGS cells were treated with the inhibitor, a significant
increase in MICA (p = 0.0183 and p= 0.0026, respectively) and MICB
(p = 0.0083 and p = 0.0112, respectively) transcript levels was ob-
served (Fig. 1B). To confirm these results, we analyzed the effect of
STA21 on MICA and MICB expression by flow cytometry. A significant
increase in MICB expression was found both, on the cell surface of
MKN45 and AGS cells (72%, p= 0.0024 and 23%, p= 0.017, respec-
tively) (Fig. 1C), and in total protein expression on the same cell lines
(28% and 30%, respectively) (Fig. 1D). Interestingly, total and cell
surface expression of MICA did not change in gastric adenocarcinoma
cells upon treatment with STA21 (Figs. 1E and F).

3.2. The cytotoxic response of effector cells challenged with STA21-treated
target cells depends on individual donor samples

To assess whether STAT3 pathway inhibition affects gastric adeno-
carcinoma cell susceptibility to lysis by effector cells, we treated
MKN45 cells with STA21, and target cell cytolysis was further analyzed
using a LDH release assay. We did not observe a statistically significant
variation in the release of LDH upon effector cell challenge with STA21-
treated target cells (Fig. 2A). We also assessed the expression of
CD107a, by flow cytometry, on CD3−CD56+ cells present in the PBMC
of healthy donors upon challenge with MKN45 cells. Among the subject
samples analyzed, we did not observe a consistent pattern in CD107a
expression on effector cells co-cultured with STA21-treated target cells,
since CD107a expression increased in only two out of five donor
samples, while the levels of this degranulation marker did not change
in two other individuals, and in one of them the CD107a levels
decreased on effector cells (Fig. 2B). These results suggest that STAT3
inhibition and its subsequent MICB increase in target cells affects
differently CD107a degranulation by NK cells from diverse healthy
donors.

3.3. STAT3 inhibition increases the release of soluble MICB by gastric
adenocarcinoma cell lines

Since STAT3 inhibition induced an increase in MICB expression on
gastric adenocarcinoma cells, both at the protein and mRNA levels, we
further asked whether STAT3 also affects the release of sMICB into the
culture supernatant. First, we assessed whether gastric adenocarcinoma
cell lines were able to secrete soluble NKG2DLs in measurable
quantities. We detected significant levels of sMICB spontaneously
secreted by MKN45 (132 ± 1 pg/mL) and AGS cells (257 ± 42 pg/
mL), as well as by a control prostatic cancer cell line, LNCaP
(216 ± 1 pg/mL) (Fig. 3A). However, sMICA release by MKN45 and
AGS was not detected under the same experimental conditions, in
contrast to the control LNCaP cells (568 ± 7 pg/mL) (Fig. 3A). We also
evaluated the release of sMICA and sMICB by fresh primary gastric
tumor and non-tumor adjacent gastric mucosa obtained from patients
with gastric cancer. Tumors secreted significantly higher levels of
sMICA than their matched gastric mucosa. A similar trend for sMICB
levels was detected, although no statistically significant differences
could be observed between gastric tumor and mucosal samples
(Fig. 3B).

Next, we addressed the effect of STAT3 inhibition on the levels of
sMICA and sMICB released by gastric adenocarcinoma cell lines. Our
results showed a significant 3- and 1.7-fold increase in sMICB levels in
the presence of STAT3 inhibitor STA21 for MKN45 (297%, p = 0.0003)
and AGS (212%, p = 0.0003) cell lines, respectively (Fig. 3C). Never-
theless, upon STA21 treatment, sMICA levels were not detectable in the
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culture supernatant of these cells (data not shown). These results
indicate that STAT3 pathway is involved in the modulation of sMICB
release by gastric cancer cells.

3.4. sMICB release by adenocarcinoma cell lines is not affected by
metalloprotease inhibitors

It has been reported that ADAM10 and ADAM17 are the metallo-
proteases most commonly involved in MICA and MICB shedding (Salih

Fig. 1. STA21 increases the expression of MICB on gastric adenocarcinoma cell lines. (A) Surface expression of MICA and MICB on MKN45 and AGS cell lines was determined by flow
cytometry. Black and grey histograms represent MIC expression and isotype control, respectively. Histograms are representative of three independent experiments. (B) Transcripts levels
for MICA and MICB were assessed by qRT-PCR. Cells were incubated with vehicle alone (DMSO) or STA21. All determinations were carried out in triplicates and graphics represent 3
independent experiments. The two-tailed unpaired t-test was used for statistical analysis. Cells were incubated with STA21, and MICB and MICA surface expression (C and E, respectively)
and total expression (D and F, respectively) were assessed by flow cytometry. Representative histograms show MICA and MICB expression in cell lines incubated with vehicle alone
(DMSO) (grey solid histograms) or STA21 (black lines). Isotype control is represented by a grey line. Graphs represent 3 independent experiments for total MICB and MICA for all cell lines
and 4 and 3 independent experiments for surface MICB and MICA for MKN45 and AGS cells, respectively. Data are presented as mean values ± S.D. The two-tailed unpaired t-test was
used for statistical analysis. *p < 0.05, **p < 0.01, ***p < 0.001.

Fig. 2. Cytotoxic activity of effector cells against gastric adenocarcinoma cells treated with STA21. MKN45 cells were treated with STA21 and co-cultured with freshly isolated PBMC
from healthy donors for 5 h at 10:1 effector:target cell ratio. (A) The susceptibility to cytolysis was determined by measuring the release of LDH into the supernatant. (B) Effector cell
degranulation was analyzed according to their CD107a expression. For LDH release assay, 3 different donors were evaluated, and the assays were performed in triplicate wells. For the
degranulation assay, 5 different donors were assessed, and all determinations were performed in triplicates. Data are presented as mean values ± standard deviation (S.D.). W/S, without
stimulus.
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et al., 2006; Salih et al., 2002; Waldhauer et al., 2008; Boutet et al.,
2009; Kohga et al., 2009; Chitadze et al., 2013). In order to analyze
whether these enzymes participate in the shedding of MICB from gastric
adenocarcinoma cell lines, these cells were incubated with the broad-
spectrum metalloprotease inhibitors Batimastat (BB94) and TAPI-1.
Surprisingly, the metalloprotease inhibitors did not affect the release of
sMICB by MKN45 and AGS, although they did inhibit significantly the
release of sMICA in LNCaP cells (79%, p = 0.000007) (Fig. 4). Hence,
in the gastric cancer cell lines studied, proteolysis of MICB may be
mediated by enzymes other than ADAM10 and ADAM17.

3.5. Recombinant MICB decreases NKG2D receptor expression on NK cells
and affects their cytotoxic capacity

Previous studies have shown that recombinant MICA (rMICA)
induces endocytosis of the NKG2D receptor, thus decreasing its levels
on the cell surface of effector cytolytic cells (Groh et al., 2002). In this
study, we asked whether the exposure of effector cytolytic cells to
recombinant MICB (rMICB) affects their NKG2D receptor expression
and consequently influences their cytotoxic function. For this purpose,
PBMC isolated from healthy donors were incubated with rMICB or
rMICA, and NKG2D receptor expression was analyzed by flow cytome-
try on effector cells. A significant decrease in NKG2D receptor expres-
sion was observed on CD3−CD56+ NK cells (53%, p = 0.00005) and

Fig. 3. STA21 increases the release of soluble MICB by gastric adenocarcinoma cell lines. (A) The release of sMICA and sMICB by cell lines was determined by ELISA. Graphs represent 3
independent experiments. (B) The release of sMICA and sMICB in freshly isolated gastric tumor and gastric mucosa from patients with gastric cancer was determined by ELISA, n = 5.
sMIC concentration was normalized by tissue weight. The two-tailed paired t-test was used for statistical analysis. (C) sMIC concentration in the supernatants of cells incubated with
STA21 was determined by ELISA. Graphs represent 4 and 6 independent experiments for MKN45 and AGS, respectively. The two-tailed unpaired t-test was used for statistical analysis.
Data are presented as mean values ± S.D. *p < 0.05, ***p < 0.001.
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CD8+ T lymphocytes (28%, p = 0.019) upon incubation with rMICB
(Fig. 5A). Conversely, the levels of NKG2D receptor did not vary neither
on NK cells nor on CD8+ T lymphocytes when PBMC was incubated
with rMICA (Fig. 5A).

To evaluate the functional consequences of NKG2D receptor down-
regulation on NK cells by rMICB, PBMC from healthy donors were
incubated with rMICB prior to co-culture with K562 target cells.
CD107a expression and IFN-γ production were then evaluated on NK
cells by flow cytometry. Effector cells incubated with rMICB showed
significantly lower CD107a (30%) and IFN-γ (87%) levels upon
challenge with K562 cells as compared with cells pre-incubated with
vehicle alone (Fig. 5B). On the other hand, incubation of PBMC with
rMICA did not change the levels of CD107a or IFN-γ on NK cells
(Fig. 5B). We also evaluated the functional activity of CD8+ T
lymphocytes present in the PBMC treated with rMICB and challenged
with K562 cells, and no alterations on CD107a or IFN-γ levels could be
detected on these cells (data not shown). Therefore, our data suggest
that rMICB induces a decrease on NKG2D expression on the surface of
NK cells, impairing their cytotoxic function towards tumor cells.

4. Discussion

This work focused on the effect of STAT3 pathway inhibition in the
regulation of the expression of MICA and MICB on gastric adenocarci-
noma human cell lines. In a previous work, we demonstrated that IL-10
treatment of melanoma cell lines promotes a decrease of MICA levels on
these cells (Serrano et al., 2011). Similar results have been observed in
MKN45 and AGS gastric adenocarcinoma cell lines, as IL-10 decreases
their cell surface expression of MICA (unpublished data). IL-10 is an
anti-inflammatory cytokine that plays an important role in tumor
immune evasion, whose signaling pathway involves STAT3 activation
(Moore et al., 2001). STAT3 pathway is constitutively active in most
cancers, and it has been associated with poor prognosis in patients with
gastric cancer (Ji et al., 2016; Yu et al., 2016; He et al., 2015) and other
tumor types (Xu and Lu, 2014). Due to its important role in cancer,
STAT3 has been proposed as an anti-cancer target in several studies
(Johnston and Grandis, 2011; Bharadwaj et al., 2015; Palagani et al.,
2014).

Here, we inhibited STAT3 basal activation in gastric adenocarcino-
ma cell lines using 30 μM of STA21 for 24 h. The concentration used in
this work is among the range commonly used in the literature (Song
et al., PNAS, 2005 and Bedel et al., cancer research, 2011) to inhibit the
STAT3 pathway. In addition, we did not observe differences in cell
viability and cell number between STA21- or DMSO-treated cells within
24 h treatment with the inhibitor. We demonstrated an increase in the
transcript levels of MICA and MICB on these cells. Accordingly, an
increase in MICB expression on the cell surface and intracellularly was

also observed after STAT3 inhibition, which was accompanied by a
raise in the levels of sMICB. Conversely, MICA levels did not change in
gastric adenocarcinoma cells after incubation with STA21. These results
differ from what has been observed in colorectal adenocarcinoma cells,
where STAT3 inhibition affects only MICA expression (Bedel et al.,
2011). Interestingly, previous studies have shown the presence of a
variety of microRNA molecules whose targets are MICA and/or MICB,
which regulate the expression of these proteins (Tsukerman et al., 2012;
Stern-Ginossar et al., 2008). Therefore, our results suggest that post-
transcriptionally and/or post-translationally regulatory mechanisms for
MICA and MICB exist in gastric tumor cells.

Here we showed that NK cells from healthy donors responded
differently to target cell treatment with STA21, as observed in our
degranulation assays. These results could be attributed to the high
inter-individual variability that characterizes effector cells from healthy
volunteers, as has been documented in a previous study (Shafi et al.,
2011). In this work, the authors observed that healthy donors showed
variable responses when their effector cells were challenged with target
cells bearing specific MICA gene polymorphisms or different MICA
levels on the cell surface. This variability was also observed for the non-
polymorphic NKG2D ligand ULBP2. The authors hypothesized that the
response of each individual is “tuned” for a specific amount of this
ligand to induce an optimal response. Thus, we propose that the same
variable effect may be observed for MICB, and that the increase on the
cell surface levels of this ligand, induced by STA21, does not necessarily
imply a higher cytotoxic response. We additionally demonstrate here
that STA21 also increases MICB secretion into the extracellular
medium. However, in the cytotoxic assay, target cells were washed
thoroughly to remove STA21 inhibitor previous to co-culture with
effector cells. These washing steps also removed the soluble MICB
released in the supernatant. Therefore, soluble MICB levels released
during the co-culture may have not affected the assay, since effectors
and target cells remained together in culture for a short period of time,
along with the low number of target cells used in the experiments.

In vivo, tumor cells release sNKG2DLs, and sera from patients with
various types of cancer present elevated sNKG2DL levels (Holdenrieder
et al., 2006a,b). Herein, we showed that primary gastric tumors also
release sMICA and sMICB into the extracellular milieu. It has been
shown that sMICA downregulates the expression of NKG2D receptor on
cytolytic cells, leading to an impaired cytotoxic function (Groh et al.,
2002; Jinushi et al., 2005; Hilpert et al., 2012; Wang et al., 2008).
Indeed, a correlation between the concentration of sMICA and sMICB in
the serum and cancer stage has been shown for several cancer types
(Holdenrieder et al., 2006a,b; Salih et al., 2008). In this work, we
observed that STAT3 inhibition by STA21 induced a significant increase
in the release of sMICB in AGS and MKN45 cell lines. Since STAT3
activation has been shown to promote tumor immune evasion (Yu et al.,

Fig. 4. sMICB release by adenocarcinoma cell lines is not affected by the use of metalloprotease inhibitors. sMICA and sMICB concentration in the supernatants of cells incubated with
BB94 and TAPI-1 was determined by ELISA. Graphs represent 3, 3 and 4 independent experiments for MKN45, AGS and LNCaP cells, respectively. Data are presented as mean
values ± S.D. The two-tailed unpaired t-test was used for statistical analysis. ***p < 0.001.
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2007), these results may seem contradictory, as the release of soluble
NKG2DL by STAT3 inhibition is also associated with immune evasion
mechanisms. STAT3 activation presents an inhibitory effect in MICB
expression, which is in line with its role in tumor-induced immunosup-
pression. On the other hand, increased expression of MICA or MICB has

also been associated with an immune evasion strategy. For instance,
gastric cancer patients with large tumors that express MICA and MICB
present a significant lower survival rates than patients bearing tumors
that do not express any of these ligands (Ribeiro et al., 2016). There-
fore, the role of STAT3 in MICB expression and its impact on cancer

Fig. 5. rMICB decreases NKG2D receptor expression on CD56+CD3− lymphocytes, affecting their cytotoxicity. PBMC from healthy donors was incubated with rMICB or rMICA for 24 h.
(A) NKG2D receptor surface expression was assessed by flow cytometry. Graphs represent experiments performed with 3 different donors. Representative histograms show cells incubated
with rMICB or rMICA (black line), cells incubated with vehicle alone (grey solid histogram), and the isotype control (grey line). (B) PBMC previously incubated with the recombinant
proteins was co-cultured with the K562 cells for 5 h and levels of CD107 and IFN-γ were analyzed on CD3−CD56+ cells. Representative dot plots are shown, and graphs represent
experiments carried out with 4 different donors. W/S, without stimulus. All determinations were made in triplicates. Data are presented as mean values ± S.D. The two-tailed paired t-
test and one-way ANOVA with Dunnett’s multiple comparison test were used for statistical analysis for A and B, respectively. *p< 0.05, **p < 0.01, ***p < 0.001.
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immunosurveillance demonstrates such complexity that it requires
further investigation. In addition, several studies have shown a role
for ADAM10 and ADAM17 in the proteolytic shedding of MICA and
MICB from tumor cells (Salih et al., 2006; Salih et al., 2002; Boutet
et al., 2009; Chitadze et al., 2013; Kohga et al., 2010). Nevertheless,
when gastric adenocarcinoma cells were treated with broad spectrum
metalloprotease inhibitors to ADAM10 and ADAM17, sMICB levels in
the supernatant did not change, suggesting that an enzyme, other than
ADAM10 and/or ADAM17, is responsible for MICB cleavage from the
gastric adenocarcinoma cell lines studied. On the other hand, the
release of sMICA from LNCaP cells decreased significantly in the
presence of these inhibitors, implying distinct mechanisms in the
generation of soluble MICA and MICB in these cells.

We demonstrated that rMICB significantly decreases NKG2D ex-
pression on NK and CD8+ T cells. On the other hand, we did not detect
a variation on NKG2D receptor levels upon cell incubation with rMICA.
In addition, the functional effect of soluble rMICB on cytolytic cells was
analyzed by using the recombinant protein, which compromised NK
cell function, as evidenced by a significant decrease in CD107a and IFN-
γ levels on these effector cells. These results could be attributed to the
decrease on the expression of NKG2D receptor on effector cell surface
induced by rMICB. However, rMICA did not change the levels of
CD107a or IFN-γ on NK cells, which is in line with the results observed
in Fig. 5A, in which rMICA treatment did not induce a decrease in the
levels of cell surface expression of NKG2D receptor on NK cells. The
discrepancy between our results and previous studies may be explained
by the different experimental conditions, the origin of soluble recombi-
nant proteins, and polymorphisms of these molecules, among other
factors (Salih et al., 2006; Groh et al., 2002).

In summary, our data provide evidence supporting a role for active
STAT3 in the downmodulation of cell surface expression and soluble
MICB release by gastric adenocarcinoma cells. This work also reveals an
inhibitory effect of recombinant MICB on NK cells cytotoxic functions.
These results increase the understanding of the regulation of MICB and
the role that this soluble molecule may play in NK recognition of tumor
cells.
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