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ARTICLE INFO ABSTRACT

Keywords: CRC is a heterogeneous disease due to global molecular alterations, including mismatch-repair-deficient (dMMR)
2816 and microsatellite instability-high (MSI-H). Immunotherapy has achieved durable responses in a subset of pa-
Pd1 tients with dAMMR-MSI-H metastatic CRC. It has been showed that Loss of ZG16 is highly associated with colorec-
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tal cancer. However, whether ZG16 modulates tumor immunity in colorectal cancer is unclear. In this study, we
demonstrated that the expression of ZG16 is associated with distant metastasis and lymphatic invasive in colorec-

tal cancer. Besides, ZG16 is negatively correlated to PD-L1 expression in patient with CRC and overexpression of
ZG16 blocks PD-L1 expression in colorectal cancer cells. In addition, overexpression of ZG16 promotes NK cells
survival and proliferation, which is dependent on NKG2D expression. Our data demonstrate that ZG16 plays a
role in modulation of immune response in colorectal cancer. The strong correlation between ZG16 and PD-L1
suggests that ZG16 may serve a biomarker to stratify patient who will benefit from immunotherapy.

Introduction

Colorectal cancer (CRC) is by far the second leading cause of cancer-
related deaths. CRC is a heterogeneous disease due to global molecular
alterations, such as mismatch-repair-deficient (IMMR) and microsatel-
lite instability-high (MSI-H) [1]. Immunotherapy has been approved for
the treatment of a subset of CRCs. Two programmed cell death 1 (PD1)
inhibitors, pembrolizumab and nivolumab, have shown great efficacy
in CRC patients harboring dMMR and MSI-H alterations. Recent study
demonstrated that multiple immune checkpoints, including PD-1, PD-
L1, CTLA-4, LAG-3 and IDO, are highly expressed in MSI-H tumors [2],
which explains why immunotherapy achieves durable responses in a
subset of patients with dMMR-MSI-H metastatic CRC [3]. While these
data support that dMMR or MSI-H are associated with tumor sensitivity
to immunotherapy in some cases, they also highlight the need to de-
fine other biomarkers that can stratify patients who would benefit from
immunotherapy.

Human zymogen granule protein 16 (ZG16) has a Jacalin-like lectin
domain, which is mainly expressed by mucus-secreting cells, including
goblet cells in the intestine [4]. We previous show that ZG16 expression

was significantly decreased in colorectal cancer compared to normal tis-
sue [5]. ZG16 gene expression and copy number variations (CNV) were
associated with multiple molecular and clinicopathological features of
CRC including MSI, MLH1 silencing and so on [2]. In addition, it has
been demonstrated that the expression of ZG16 is regulated by miR-196a
and loss of ZG16 induces stemness and progression of CRC, suggesting
that ZG16 functions as a tumor suppressor [6]. Besides, overexpression
of ZG16p significantly supressed proliferation of Caco-2 cells [7].

Lectins play important roles in immune regulation [8]. Jacalin, a
lectin from jackfruit, has been reported to induce T cell mitosis and
activate B cells [9]. Considering that ZG16 expression was dramatically
decreased in tumor area compared to adjacent normal tissue and ZG16
contains a lection domain, we hypothesized that ZG16 may function as
a new immune response regulator in colorectal cancer and a potential
biomarker for immunotherapy.

In this study, we investigated whether ZG16 plays a role in modu-
lation of immune response and how ZG16 modulates tumor immunity
in colorectal cancer. We performed immunohistochemistry (IHC) anal-
ysis and qRT-PCR in a cohort of CRC patients, and found that ZG16 is
negatively correlated with lymphatic invasive and distant metastasis.
Besides, overexpression of ZG16 blocks PD-L1 expression in colorectal
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cancer, and promotes NK cells survival and proliferation. Very impor-
tantly, ZG16 suppresses colorectal tumor growth via the immune sys-
tem. Our work suggests that ZG16 serves as a new immune response
regulator and a potential biomarker for immunotherapy.

Material and methods
Cell culture

CRC cell lines (SW480 and HCT116) were obtained from American
Type Culture Collection (ATCC, Manassas, VA). All cells were cultured
in RPMI-1640 media supplemented with 10% fetal bovine serum (FBS)
and 1% penicillin/streptomycin. Cells were maintained in a humidified
incubator adjusted with 5% CO2 at 37 °C. All cells were authenticated
by DNA fingerprinting using highly-polymorphic short tandem repeat
(STR) analysis and confirmed free from mycoplasma contamination.

Vectors and lentivirus production

Lentiviral vector for ZG16 overexpression or control vector were con-
structed by Gibson assembly (NEB). The lentivirus was produced as de-
scribed [10]. Briefly, H293T cells were plated in 10 cm dish at 30% con-
fluence in DMEM plus 10% FBS. For each dish, 9 pug of lentiviral vector,
0.9 ug of pVSVg (Addgene, Cat. #8584), 9 ug of psPAX2 (Addgene, Cat.
#12,260) were mixed and transfected to the H293T cells. Lentivirus was
collected 48 h later by filtering through a 0.45 um strainer.

Both SW480 and HCT116 cells were transfected with 1 x 10° IFU/ml
lentivirus 24 h. Transduced cells were selected using 2 pug/ml puromycin
(Sigma-Aldrich) for 7 days, and the expression efficiency was detected
by western blotting.

Western blot analysis

equal amounts of protein lysates (5 ug/lane) were run on 4%—20%
gradient SDS-polyacrylamide gels (Bio-Rad Laboratories, Inc., Hercules,
CA, USA) and then were transferred to Immobilon-P nitrocellulose mem-
branes (Millipore, Billerica, MA, USA). The membranes were probed
with rabbit anti-PD-L1 antibody (Proteintech; 17,952-1-AP; polyclonal;
1:1000; CD274: B7-H1 PD-L1; Rosemont; USA) and mouse anti-#-actin
(Sigma-Aldrich; 100,242- MMO5; 1: 5000) in 4 °C overnight after be-
ing blocked with 5% non-fat milk. The membranes were then incubated
with species-specific conjugated secondary antibodies (GE Dharmacon)
at room temperature for 1 hour. An ECL blotting analysis system (Amer-
sham Pharmacia Biotech, Piscataway, NJ, USA) was used for detecting
protein expression.

Cell viability assay

SW480 or SW480 cells with ZG16 overexpression (SW480-ZG16)
were seeded at 5x 10* cells/well in 6 well plate for 1-5 days. Cell via-
bility was determined by CCK8 reagent according to the manufacturer
(Dojindo Molecular Technologies, Inc., Shanghai, China). Effect on cell
growth was normalized to untreated control. Each data point was gen-
erated in triplicate and each experiment was done three times (n=3).
Unless otherwise stated, a representative result is presented.

Large scale expansion of NK cells from peripheral blood

Peripheral blood mononuclear cells (PBMCs) were obtained from
healthy donor by density gradient centrifugation using Ficoll-Paque me-
dia (GE Healthcare Life Sciences, Uppsala, Sweden) [11]. PBMCs were
cultured using BINKIT (Biotherapy Institute of Japan, Japan). For NK
cell expansion, the medium contained 0.01 KE/ml OK-432 (Chugai Phar-
maceutical Co., Ltd., Tokyo, Japan) and 700 IU/ml recombinant hu-
man interleukin-2 (rhIL-2; Kexin biotechnology Corp, Beijing, China)
supplemented with 5% heat-inactivated autologous plasma. The culture
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medium was changed every three days and NK cells were sub-cultured
whenever it’s confluent.

NK cell co-culture and proliferation

SW480 cells were grown at 37° in 5% CO2 humidified air in RPMI-
1640 medium that contained 10% fetal bovine serum, 100 U/ml peni-
cillin and 100 pg/ml streptomycin. NK cells were grown in the same con-
ditions in RPMI-1640 medium that contained 20% fetal bovine serum,
100 U/ml penicillin, 100 yg/ml streptomycin and 10 IU/ml IL-2. In co-
cultures the cells were grown in a mixed medium (1: 1) of SW480 and
NK cells. SW480-ZG16, or SW480 cells were first seeded at 5x 103 cells
per plate, and then cultured several days. Then, the NK cells (5x 103
cells/well) were added to the plate.

For co-culture with medium from SW480 cells, NK cells were plated
for 24 h. Then cell culture medium collected from SW480 or SW480-
ZG16 were added to the plate. Cell viability was evaluated by CCK8
assay for different time points.

T cell co-culture and proliferation

Fresh blood was collected from 4 health donors and CD8*T cells
were isolated. We therefore investigated whether there is a correlation
between ZG16 overexpression and CD8" T cell survival and prolifera-
tion. We then performed co-culture assay similar as in NK cells.

Detection of proliferation using flow cytometry

CellTrace stock solution was prepared immediately prior to use by
adding the appropriate volume of DMSO to CellTrace violet reagent and
mixing. 1 ul of CellTrace stock solution (5 M) in DMSO was added to
1ml of cell suspension in PBS for a final working solution. The cells
were incubated for 20 min at 37 °C and protected from light. Five folds
(5x) the original staining volume of culture medium (containing at least
1% protein) was then added to the cells and incubated for 5 min to re-
move any free dye remaining in the solution. The cells were pelleted
by centrifugation and resuspended in freshly pre-warmed complete cul-
ture medium. The cells were incubated for at least 10 min to allow the
CellTrace reagent to undergo acetate hydrolysis. The proliferation cells
were determined using BD FACScan flow cytometry. For each sample of
NK cells, the fluorescence of 100,000 cells was gated and counted.

ELISA to quantify NKG2D type ii integral membrane protein

NK cells were washed twice in and diluted to 100 million cells/ml 1x
PBS (pH7.2-7.4). After two freeze-thaw cycles to break up the cell mem-
branes, the cell lysates were centrifuged for 5 min and the supernatant
was collected. Quantification of NKG2D protein by ELISA followed the
protocol provided by manufacturer (Cusabio, Huamei biotechnology
Co., Ltd., Wuhan, China). Optical density of each well was determined
using a microplate reader at 450 nm.

Patients

56 surgically resected adenocarcinomas of colon between 2012 and
2018 were retrospectively reviewed at Department of Pathology, First
Affiliated Hospital of Zhengzhou University. All cases were free of
chemotherapy. The uses of human tissues and patients’ clinical data
were approved by Institute Review Board of Zhengzhou University. All
study participants, or their legal guardian, provided informed written
consent prior to study enrollment.

Real-Time quantitative PCR

Total RNA was extracted from Paraffined tissues using the RNeasy
FFPE Kit (QIAGEN) and cDNA was synthesized using the SuperScript
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VILO Master Mix (ThermoFisher Scientific) following the manufac-
turer’s instructions. We used 5 ul cDNA in the PCR with ZG16 or GAPDH
primers mixed with Power SYBR Green PCR mix at a final volume of
20 ul in triplicate (Applied Biosystems). qPCR analysis was done using
the ABI StepOne plus Software Real-Time PCR system. Gene expression
of target genes was normalized against ACTB and compared among dif-
ferent groups by the AACT method.

Immunohistochemistry (IHC) staining and interpretation

For immunohistochemistry, paraffined tissues were sectioned at
a thickness of 4 um and subsequently stained with hematoxylin and
eosin (H&E) and PD-L1 antibody (rabbit anti-human monoclonal, SP142
[12,13], Spring Bio-science, Pleasanton, CA, USA) or NKG2D (rabbit
anti-human monoclonal, bs-0938R, Bioss, Swiss 070,215). Stained slides
were reviewed by two pathologists blinded to the clinicopathological
features. The final IHC score was taken as the average score from all
cores of each tumor. PD-L1 positive tumor-infiltrating immune cells
were evaluated. The IHC was defined positive if more than 1% of im-
mune cells showed membrane staining.

In vivo mouse study

All animal experiments were conducted with the approval of the In-
stitutional Animal Care and Use Committee (First Affiliated Hospital of
Zhengzhou university). Suspensions of 3 million SW480-ZG16 or SW480
cells (in PBS) were mixed 1:1 with BD Matrigel Basement Membrane
Matrix (Cat. #356,231; Corning, NY, USA) were subcutaneously inoc-
ulated in right flank (n=7/ group, Stock No: 002,019/nude). Animals
were assessed for 4 weeks after the inoculation for tumor incidence and
growth and then were sacrificed. Tumor volume was measured using
the formula: Tumor volume = 1/2(length x width) [2].

Statistical analysis

Statistical analyses were performed using GraphPad Prism 7.01
(GraphPad Software Inc.) unless otherwise indicated. Group allocation
was performed randomly. In all studies, data represent biological repli-
cates (n) and are depicted as mean + s.d. or mean + SEM as indicated in
the figure legends. Comparison of mean values was conducted with un-
paired, two-tailed Student’s t-test, one-way ANOVA or two-way ANOVA
with Tukey’s multiple comparisons test as indicated in the figure leg-
ends. In all analyses, P values less than 0.05 were considered statistically
significant.

Results
ZG16 is negatively correlated to PD-L1 expression in patient with CRC

It has been showed that ZG16 expression is significantly decreased in
CRC patients[5], and the expression of ZG16 is significantly correlated
with overall survival and progression free survival based on The Cancer
Genome Atlas (TCGA) COAD dataset (Figure S1). To further confirm the
relationship between ZG16 and clinicopathological features, we quan-
tified the expression of ZG16 in 56 colon cancer patients, including 24
patients with MSI-H CRC, 1 patient with MSI-L. CRC and 31 patients
with MSS CRC (Table 1). All 56 cases included in this study did not
receive chemotherapy. 19 patients at stage III, 3 patients at stage IV
did not receive chemotherapy because those patients have advanced or
metastatic disease at the time of diagnose. In consistent with previous
finding, the expression of ZG16 is significantly decreased in patients
with MSI-H CRC and MLH1 silencing CRC (Fig. 1A). Besides, we found
that the expression of ZG16 is negatively correlated to distant metas-
tasis and lymphatic invasive in colorectal cancer (Fig. 1A). Therefore,
these data suggest that ZG16 represents a novel potential biomarker for
prognosis of CRC.
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Table 1
Clinical-pathological features of all patients with colorectal can-
cer included in this study.

Clinical-pathological features Case number Percent)%(
Gender

Male 36 35.71
Female 20 64.29
Age

<60 38 67.86
>60 18 32.14
Histotype

adenocarcinoma 50 89.29
mucous adenocarcinoma 6 10.71
Lymphatic invasive

yes 22 39.29
no 34 60.71
Distant metastasis

yes 15 12.5
no 41 87.5
stages

I+11 34 68.82
I+1V 22 31.18
Microsatellite instability status

MSI-High 24 42.86
MSS+MSI-Low 32 57.14

In attempt to determine whether ZG16 plays a role in modulation of
immune response, we did IHC staining to quantify Programmed death-
ligand 1 (PD-L1) expression in CRC tumors. We noticed that the ba-
sic expression of ZG16 was largely different in different patients, such
as tumor #1 and tumor #2. Very surprisingly, low expression of ZG16
in the tumor area compared to the adjacent tissue in the same patient
(tumor #1, define low ZG16 expression in the tumor) lead to the in-
creased expression of PD-L1, which allows CRC cancers to evade the
host immune system. In sharp contrast, if the expression of ZG16 in tu-
mor area was similar compared to adjacent tissue in the same patient
(tumor #2, define high ZG16 expression in the tumor), the expression of
PD-L1 was not differentially expressed between tumor and adjacent nor-
mal tissue (Fig. 1B, 1C). The strong correlation between ZG16 and PD-
L1 suggests that ZG16 is involved in modulation of immune response,
and may serve a biomarker to stratify patient who will benefit from
immunotherapy.

Overexpression of ZG16 blocks PD-L1 expression in colorectal cancer

To evaluate how PD-L1 is regulated by ZG16 in colon cancer, we
tested the PD-L1 expression in two different colon cancer cell lines
(SW480 and HCT116) after ZG16 overexpression. Very importantly, the
expression of PD-L1 was markedly decreased in ZG16-overexpressed
SW480 cells, indicating that PD-L1 is directly regulated by ZG16 in colon
cancer (Fig. 2A). Consistently, similar results were observed in another
colon cell line HCT116 after ZG16 overexpression (Fig. 2B). We then
determined how PD-L1 expression is regulated by ZG16. Notably, the
mRNA level of PD-L1 was not affected by ZG16 overexpression, suggest-
ing that PD-L1 is not controlled by transcriptional regulation (Fig. 2C).
Thus, ZG16 blocks PD-L1 expression to modulate immune response in
colon cancer.

Overexpression of ZG16 promotes NK cells survival and proliferation

As a secret protein, ZG16 may also be involved in regulation of other
immune cells. To determine whether overexpression of ZG16 in colon
cancer cells affects the survival and proliferation of NK cells, we co-
cultured NK cells with ZG16 over-expressed SW480 cells (SW480-ZG16)
or control vector transfected SW480 cells for different timepoints. We
noticed that there were much more NK cells (aggregation) in SW480-
ZG16 group than control group (Fig. 3A). Similar results were also seen
in other two colon cell lines (Figure S2). In addition, overexpression of
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Fig. 1. ZG16 is negatively correlated to PD-L1 expression in patient with CRC.
A, Association of different clinicopathological features with ZG16 expression in
56 CRC patients. The p-value was calculated by unpaired, two-tailed Student’s
t-test.

B, qPCR-based transcriptional profiles of ZG16 in different CRC tumors. Data
are mean + s.d. of three biological replicates (n=3). ***p < 0.001 by unpaired,
two-tailed Student’s t-test. ns, not significant.

C, IHC analysis of PD-L1 expression in tumors with CRC.

ZG16 significantly increased the cell number of NK cells after co-culture
for different timepoints, leading to enhanced proliferation of NK cells
compared to control group (Fig. 3B). Together, these results suggest a
role for ZG16 to regulate NK cell survival and proliferation.

To investigate whether overexpression of ZG16 affects the survival
and proliferation of CD8* T cells, we co-cultured primary CD8* T
cells with ZG16 over-expressed colon cells or control vector trans-
fected colon cells for different timepoints. We observed that ZG16 over-
expression dramatically promotes CD8% T survival and proliferation
(Figure S3).
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Fig. 2. ZG16 blocks PD-L1 expression in colorectal cancer.

A, Western blot analysis of PD-L1 expression in SW480 or SW480-ZG16 cells.
B, Western blot analysis of PD-L1 expression in HCT116 or HCT116-ZG16 cells.
C, qPCR-based transcriptional profiles of ZG16 or PD-L1 in SW480 or
SW480-ZG16 cells. Data are mean +s.d. of three biological replicates (n=3).
****p < 0.0001 by unpaired, two-tailed Student’s t-test. ns, not significant.

NK cell proliferation induced by ZG16 overexpression is dependent on
NKG2D

Given that ZG16 is a secret protein, we speculate that co-culturing
NK cells with medium from SW480-ZG16 may also enhance NK cell
proliferation. We then collected medium from both SW480-ZG16 and
SW480 cells, and co-cultured them with NK cell for different timepoints.
In consistent with previous results, medium from SW480-ZG16 (9 days)
considerably boosted the proliferation of NK cells compared to control
medium from SW480 (Fig. 4A).

We also performed CellTrace assay to determine NK cell prolifer-
ation after co-culture with medium from five different conditions. A
greater degree of signal reduction was observed in cells co-cultured with
medium from SW480-ZG16, which further suggests that ZG16 promotes
NK cell proliferation (Fig. 4B).
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Fig. 3. Overexpression of ZG16 promotes NK cells survival and proliferation.
A, NK cells were co-cultured with SW480 or SW480-ZG16 cells for 1day or
5days.

B, NK cells were co-cultured with SW480 or SW480-ZG16 cells for differ-
ent timepoints. Cell viability of NK cells was measured by CCK8 assay. Data
are mean +s.d. of three biological replicates (n=3). *p < 0.05, **p < 0.01,
***p < 0.001 and ****p < 0.0001 by two-way ANOVA with Tukey’s multiple
comparisons test. ns, not significant.

NKG2D represents the main activating receptor of NK cells, which
can bind to a large number of cell ligands expressed on cancer cells and
is increased in response to cellular stress [14-17]. Tumor cells may es-
cape NK cell recognition through reduction of these ligands or suppres-
sion of NKG2D on NK cells[18-19]. Therefore, restoring the expression
of NKG2D on NK cells or of its ligands on cancer cells could be an effec-
tive approach to cancer immunotherapy. To demonstrate that increased
proliferation of NK cells was accompanied by up-regulation of NKG2D,
we quantified NKG2D concentration by ELISA in co-culture medium and
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cell lysates. We found that protein concentration of NKG2D was greatly
increased after co-culture with SW480-ZG16 both in culture medium
and cell lysates, suggesting that NK cell proliferation is dependent on
NKG2D (Fig. 4C).

In sum, overexpression of ZG16 promotes NK cell survival and pro-
liferation, which is dependent on NKG2D expression.

ZG16 overexpression inhibits in vivo SW480 xenograft tumor growth

Finally, we investigated in vivo efficacy of ZG16 overexpression in
CRC cancer xenografts. SW480-ZG16 or SW480 xenografts were mon-
itored for 22 days. Importantly, tumor growth was significantly sup-
pressed by ZG16 overexpression (Fig. 5A, 5B). IHC analysis of residual
tumors revealed that the ZG16 overexpression resulted in significantly
more pronounced NKG2D than control tumor (Fig. 5C), indicating that
overexpression of ZG16 stimulated NK cell activation, which in turn
contributes to the tumor inhibition.

Collectively, our study reveals that ZG16 blocks PD-L1 expression in
colorectal cancer and ZG16 promotes NK cells survival and prolifera-
tion. The relationship between ZG16 and PD-L1 suggests that ZG16 is a
modulator of immune response, and may serve a biomarker to stratify
patient who will benefit from immunotherapy.

Discussion

CRC is a heterogeneous disease due to global molecular alterations,
including dMMR and MSI-H [1]. Early diagnosis has greatly improved
patients’ survival, but around 25% of patients still have advanced or
metastatic disease at the time of diagnosis. The prognosis for patients
with metastatic CRC remains poor. Thus, the identification of more ef-
fective prognostic factor for patients with CRC is an urgent unmet need
[1]. Human ZG16 has a Jacalin-like lectin domain which recognizes
pathogenic fungi in the digestive system. We previous show that loss
of ZG16 is associated with molecular phenotypes of colorectal cancer
[5]. In this study, we demonstrated that the expression of ZG16 is neg-
atively correlated to distant metastasis and lymphatic invasive in col-
orectal cancer of which are two major prognosis factors for metastatic
CRC. Our data suggest that ZG16 represents a novel potential biomarker
for prognosis of CRC, especially for metastatic CRC.

Immunotherapy has achieved durable responses in a subset of pa-
tients with dAMMR-MSI-H metastatic CRC [3]. Tumor cells may increase
PD-L1 expression on their surface to escape immune surveillance [20].
We discovered that ZG16 is negatively correlated to PD-L1 expression
in patient with CRC and overexpression of ZG16 blocks PD-L1 expres-
sion in colorectal cancer cells. Besides, we did not see any correlation
between ZG16 and PD-L2 (Figure S4). It’s very surprising we did not
observe any difference on the RNA level of PD-L1 after overexpression
of ZG16. Recent reports demonstrate that the activity of PD-L1 is regu-
lated by N-glycosylation, and targeting glycosylated PD-L1 (gPD-L1) by
monoclonal antibody blocks PD-L1/PD-1 interaction resulting in PD-L1
degradation [21]-[22]. ZG16 has a lectin domain and lectins can interact
with and bind to carbohydrate structures [23]. Based on these findings,
it is highly possible that ZG16 could direct bind to glycosylated PD-L1
through its lectin domain, leading to PD-L1 degradation. Further work
is required to validate this hypothesis and determine potential mecha-
nisms.

As a effector lymphocytes in the innate immune system, NK cell ma-
nipulation promotes antitumor immunotherapy and controls inflamma-
tory and autoimmune disorders [24]. We demonstrated that overexpres-
sion of ZG16 promotes NK cell survival and proliferation, which is de-
pendent on NKG2D expression. Further study is required to determine
key regulators by which ZG16 contributes to NK cell proliferation.

It has been shown that ZG16 is mainly expressed by goblet cells in
the intestine [25]. The epithelial goblet cells have been positioned to
take a leading role in controlling the function of the intestinal immune
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Fig. 4. ZG16 stimulates NK cell proliferation through upregulation of NKG2D.
A, NK cells were co-cultured with medium from SW480 or SW480-ZG16 cells for different timepoints. Cell viability of NK cells was measured by CCK8 assay. Data
are mean + s.d. of three biological replicates (n=3). *p < 0.05, **p < 0.01 and ***p < 0.001 by two-way ANOVA with Tukey’s multiple comparisons test. ns, not
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B, NK cells were co-cultured with medium from SW480 or SW480-ZG16 cells for 2days. Cell viability of NK cells was measured by CellTrace™ Cell Proliferation Kit.
C, Protein level of NKG2D was quantified by ELISA. NK cells were co-cultured with medium from SW480 or SW480-ZG16 cells for indicated time points. NK cells
were then washed in PBS and lysed. Protein level of NKG2D was then quantified By ELISA. ***p < 0.001 by two-way ANOVA with Tukey’s multiple comparisons test.
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Fig. 5. ZG16 Overexpression Inhibits in vivo SW480 Xenograft Tumor Growth via activation of immune system.
A, Growth curve of SW480 and SW480-ZG16 xenografts. Data are shown as mean + s.d. *p < 0.05 by two-way ANOVA with Tukey’s multiple comparisons test.

B, Images of SW480 and SW480-ZG16 xenograft tumors

C, H&E and IHC analysis (NKG2D) of SW480 and SW480-ZG16 xenografts. Original overall magnification, x 400(G).

system, but how goblet cells regulate the function of the intestinal im-
mune system is unclear [25]. We demonstrated that ZG16 is negatively
correlated to PD-L1 expression and promotes NK cells survival and pro-
liferation. Together, these data suggest that goblet cells may regulate
the function of intestinal immune system through suppression of PD-L1
expression and activation of NK cells.

In summary, our study is the first to demonstrate that ZG16 is neg-
atively correlated to PD-L1 expression in patient with CRC and over-
expression of ZG16 blocks PD-L1 expression in colorectal cancer cells.
Besides, overexpression of ZG16 promotes NK cells survival and prolif-
eration. These data suggest ZG16 plays a role in modulation of immune
response in colorectal cancer. The strong correlation between ZG16 and
PD-L1 suggests that ZG16 may serve a biomarker to stratify patient who
will benefit from immunotherapy.
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