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Abstract. Interferon-induced protein 16 (IFI16) is important
for innate immune recognition of foreign/damaged DNA.
Abnormal IFI16 expression is closely related to the occurrence
of multiple malignant tumours, but its expression pattern in
colorectal cancer (CRC) remains unclear. The present study
aimed to investigated IFI16 expression and association with
cell proliferation in CRC tissues and adjacent normal tissues.
A multiplex immunofluorescence panel of antibodies against
IFI16, Ki-67 and phosphorylated (p)-ERK1/2 was applied
to assess a tissue microarray (TMA). The TMA included
77 CRC samples and 74 normal adjacent tissue samples which
were collected from The First People's Hospital of Yunnan
Province (Kunming, China) (3 paracancerous tissues were
lost because of repeated cutting). Immunohistochemistry was
used to detect CD8* tumour-infiltrating lymphocyte (TIL)
abundance and programmed death-ligand 1 (PD-L1) expres-
sion in cancer tissues. The present study demonstrated that
IF116 localized to the nucleus of CRC cells. Although IFI16
was weakly expressed in normal mucosal epithelial cells,
absent to strong expression was detectable in different patients
with CRC. Typically, IFI16 was not co-localized with Ki-67
within CRC cells. The multiplex immunofluorescence data
demonstrated that the proportion of IFI167/Ki-67* cells from
CRC tissues was 57.13%; however, that of IF116*/Ki-67* cells
was 1.50%. The IF116/Ki-67" phenotype was significantly
positively associated with the tumor-node-metastasis stage
and was marginally significantly correlated with lymph node

Correspondence to: Professor Xinmin Yan, Faculty of
Environmental Science and Engineering, Kunming University of
Science and Technology, 727 South Jingming Road, Kunming,
Yunnan 650500, P.R. China
E-mail: yxmin08@163.com

Key words: colorectal cancer, interferon-induced protein 16, Ki-67,
phosphorylated-ERK1/2, CD8* tumour-infiltrating lymphocyte,
programmed death-ligand 1

metastasis. p-ERK1/2 protein was primarily localized to the
cytoplasm and cell membrane of CRC cells and sometimes to
the nucleus. Although, IFT16 demonstrated a strong correlation
with p-ERK1/2, IFI16 did not co-localize with p-ERK1/2 and
the proportion of IFI16 and p-ERK1/2 double-negative CRC
cells was 84.95%. IF116 expression displayed no significant
association with CD8* TILs or PD-L1. However, a strong posi-
tive correlation between CD8" TILs and PD-L1 was observed.
High CD8* TIL infiltration in CRC tissue was associated
with lower lymph node metastasis and tumor-node-metastasis
stage. In summary, the results of the present study provided a
novel insight for the role of IF116 in CRC occurrence via the
regulation of cancer cell proliferation.

Introduction

Colorectal cancer (CRC) is the most common malignant
tumour. It is estimated that CRC accounts for ~10% of all
new cancer cases and cancer-associated mortalities worldwide
each year (1). Due to its insidious onset, 20-22% of patients
with CRC present with metastatic disease at initial diagnosis,
and 50-60% eventually develop metastasis. The 5-year overall
survival rate for metastatic CRC is <14% (2). In-depth explora-
tion of the mechanism of CRC occurrence and progression is
critical for improving existing detection methods and over-
coming current treatment limitations.

Interferon-induced protein 16 (IFI16) is a member of
the interferon-induced HIN200 gene family. IF116 was first
identified in haematopoietic immune cells and was later
found in fibroblasts and epithelial cells derived from various
human tissues, such as lymph node, spleen, trachea and
skin (3,4). Most HIN200-family proteins contain a homotypic
protein-protein interaction PYRIN domain (PYD) region in
the N-terminus and this domain can bind to the PYD protein
and induce cell apoptosis (5). HIN200-family proteins also
share a partially conserved repeat of 200 amino acid residues
in the C-terminus by which the protein binds to foreign or
damaged double-stranded DNA (dsDNA) to activate the innate
immune response and inhibit cells growth (6,7). In addition,
IF116 protein has emerged as an important stimulator of IFN-f3
expression in myeloid and non-myeloid cells (8). IFI16 serves
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a key role in connecting innate immunity and adaptive immu-
nity (7). Hence, IF116 is an innate immune sensor of foreign or
damaged DNA and serves an important role in innate immune
responses, cell differentiation and proliferation (9). Abnormal
IF116 expression is closely associated with immune system
diseases and the occurrence of various malignant tumours,
such as systemic lupus erythematosus and breast cancer (9,10).

IFI16 is upregulated during the onset of cellular senes-
cence in a variety of human cells, such as human fibroblasts
and bone and cartilage tumor cells (9-11). IFI16 can interact
with p53, p-Rb, breast cancer gene 1 (BRCA1) protein, among
others, to active p53 target genes, such as the cyclin-dependent
kinase inhibitor p21VAFCP! "the inhibitor of cyclin-dependent
kinase 4a (pl6INK4a), Bax and Human double minute 2
(Hdm?2), and inhibit cell growth (10-12). Accordingly, loss of
IF116 expression is associated with immortalization of cells
and the development of certain human cancer types, such as
breast cancer and prostatic cancer (13-15). However, a few
studies have indicated that the involvement of IFI16 in human
cancer development varies depending on the cell source and
cell content. Cai et al (16) demonstrated that IFI16 promoted
cervical cancer progression by upregulating programmed
death-ligand 1 (PD-L1) in the immunomicroenvironment
through the stimulator of interferon genes-TANK-binding
kinase 1-NF-kB (STING-TBKI1-NF-«kB) pathway. In familial
inherited Wilms tumorigenesis, the WT1 gene participates
in tumorigenesis by regulating the spatial ectopic nature of
[FI116 and thus combines with IFI16 protein to support cell
survival (17). The same phenomenon was observed in liver
cancer progression (18-20). However, whether IFI16 is involved
in the CRC development remains unclear.

In our previous study (21), high-throughput gene expression
profiling was applied to assess gene expression characteristics
throughout the CRC development process, and the results
demonstrated that IFI16 was abnormally highly expressed
during the CRC process, which is consistent with the results
reported by Yang et al (22). Based on our previous work and
review of the current literature, we predicted that IFI16 may
serve an important role in CRC occurrence and progression.
In the present study, IFI16 expression and its correlation with
proliferation and immune signature markers was investigated
in CRC tissues and adjacent normal tissues. The findings of the
present study suggested that IFI16 takes part in CRC occur-
rence via regulation of CRC cell proliferation.

Materials and methods

Tissue specimens. The human CRC tissue microarray (TMA)
was purchased from Shanghai Xinchao Biological Technology
Co. Ltd. and contained 77 CRC tissues and adjacent normal
tissues obtained by resection between January 2012 and
December 2013 from the First People's Hospital of Yunnan
Province (Kuming, China). However, 3 adjacent normal tissues
were lost due to repeated cutting. The inclusion criteria used
were as follows: i) All samples were selected from patients
with newly diagnosed CRC who had resection of colorectal
tumours without radiation therapy or chemotherapy; and
ii) the pathological information of the patients with CRC were
complete. The exclusion criteria were as follows: i) Patients aged
<18 years; ii) patients with chronic diarrhea; and iii) patients

who had chemotherapy, radiation therapy or immunotherapy
or viral infection, such as Polyomaviruses (23). Among the
77 CRC patients, the median age was 64 years (age range,
42-85 years), and the average age was 64.34+12.33 years. The
77 enrolled patients provided written informed consent and the
Ethics Committee of The First People's Hospital of Yunnan
Province (Kunming, China) ratified the study (approval
no. KHLL-2021-101). TMAs containing the tissue cores were
then cut into 4-um sections for immunohistochemistry (IHC)
staining. The detailed clinical characteristics of the patients
enrolled in this study are summarized in Table I.

Antibodies. In the present study the primary antibodies used
were as follows: Rabbit anti-human phosphorylated (p)-ERK
monoclonal antibody (1:500; cat. no. cst4370; Cell Signaling
Technology Inc.); rabbit anti-human Ki-67 monoclonal anti-
body (1:500; cat. cst12202; Cell Signaling Technology Inc.); a
rabbit anti-human IFI16 monoclonal antibody (immunohisto-
chemistry, 1:1,000; western blotting, 1:1,000, cat. no. cst14970;
Cell Signaling Technology Inc.); rabbit anti-human CDS§
monoclonal primary antibody (1:50; cat. no. PA067; Suzhou
Baidao Medical Technology Co., Ltd.) rabbit anti-human
PD-L1 monoclonal antibody (cat. no. GT2280; Gene Tech
Biotechnology, Co., Ltd.), rabbit anti-3-actin polyclonal anti-
body (1:3,000; cat. no. 14395-1-AP; Proteintech Group, Inc.).
Human tonsil, which was purchased from Shanghai Xinchao
Biological Technology Co. Ltd. was stained with Ki-67 anti-
body as a positive control according to the recommendations
from the International Ad Hoc Expert Committee (24). Staining
of human tonsil slides with isotype control antibody (1:500;
Rabbit (DA1E) mAb IgG XP® isotype control; cat. no. ¢st3900;
Cell Signaling Technology Inc.) was performed as negative
controls. Human lung tissues were stained with IFI16 and
p-ERK1/2 antibodies as positive controls. Staining of human
lung slides with isotype control antibody (cat. no. cst3900) was
performed as negative controls.

Immunohistochemistry and image analysis. Formalin-fixed
paraffin-embedded (FFPE) tissue was cut into 4-um-thick
sections and subjected to immunohistochemical analysis.
Sections were dewaxed in xylene 3 times for 3 min each
time at room temperature and rehydrated through a series of
graded alcohols in distilled water (100, 95 and 70% ethanol
and in distilled water finally). Heat-mediated antigen
retrieval was performed in citrate buffer (pH 6.0) using
microwave treatment. Then, the slides were washed with
TBST (0.05% Tween-20) buffer and the endogenous peroxi-
dase activities were diminished with 0.3% H,0O, for 10 min
at room temperature. Subsequently, blocking of the slices
using 10% goat plasma (cat. no. C0265; Beyotime Institute
of Biotechnology) was conducted. Rabbit anti-human CDS§
monoclonal primary antibody and rabbit anti-human PD-L1
monoclonal primary antibody were added and incubated
with the slides at 4°C overnight in a humidified chamber. In
all experiments, an isotype control antibody was used as a
negative control and no staining was obtained. Detection was
performed using the REAL EnVision Detection System (DAB;
cat. no. K500711; Dako; Agilent Technologies, Inc.) (25). In
brief, the slides which were incubated with primary anti-
body were wahsed in TBST 3 times for 3 min each time at
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Table I. Clinical characteristics of patients with CRC (n=77).

Clinical characteristic n (%)
Sex

Male 42 (54.5)

Female 35(45.5)
Age, years

>55 42 (54.5)

<55 35(45.5)

Unknown -
TNM stage

I+II 44 (57.1)

I+1V 33 (42.9)
Differentiation

Poorly 11 (14.3)

Well 66 (85.7)
Lymph node metastasis

No 45 (58.4)

Yes 32 (41.6)
Primary tumor sidedness

Right-sided 37 (48.1)

Left-sided 34 (44.2)

Unknown 6 (7.8)

TNM, tumor-node-metastases; CRC, colorectal cancer.

room temperature. Then incubated the tissues with REAL
EnVision Detection System for 1 h and washed the slides
again. Following stained the tissues with DAB for 15 min.
Sections were counterstained with haematoxylin and eosin
(H&E) at room temperature for 5 mins and image acquisition
was performed using a light microscope (Nikon Corporation)
(magnification, x100). After the immunostained slides had
been reviewed by =2 independent pathologists from Shanghai
Xinchao Biological Technology Co. Ltd. and consensus was
achieved, the specific staining of defined positive and nega-
tive cells of CD8 or PD-L1, such as position, localization and
cell types was matched with H&E staining. The percentage
of cells with CD8 and PD-L1 expression was recorded as an
average fraction of 100 neoplastic cells in every 3 fields, and
the intensity of CD8 and PD-L1 staining was graded on a scale
of 0 to 3+ (0, absent staining; 1+, weak staining; 2+, moderate
staining; and 3+, strong staining). SPSS v.22.0 software (IBM
Corp.) was used for statistical analysis.

Multiplexed immunofluorescence (MIF). FFPE TMAs were
deparaffinized, rehydrated and subjected to antigen retrieval
and diminishment of endogenous peroxidase activities as
aforementioned. The primary antibody for p-ERK1/2 was
incubated with the TMA for 30 min in a humidified chamber at
room temperature and detection was performed using a Poal™
Polymer HRP Ms+Rb kit and Opal PPD520 TSA Plus (1:50;
cat. no. PPA200, PerkinElmer, Inc.) and were used according
to the manufacturer's instructions. Subsequently, the slide was
again placed in citrate buffer (pH 6.0) for microwave treatment

for 15 min. The slide was then incubated with primary anti-
body targeting IF116 for 30 min at room temperature. This was
followed by detection using Opal PPD570 TSA Plus (1:50).
The slide was placed in citrate buffer (pH 6.0) for microwave
treatment again. Then, the slide was incubated with primary
antibody against Ki-67 for 30 min at room temperature. Ki-67
was visualized using Opal PPD650 TSA Plus (1:50). The
slide was then placed in citrate buffer (pH 6.0) and heated via
microwave treatment. The nuclei were subsequently visual-
ized with DAPI (Thermo Scientific Inc.) at room temperature
for 5 min. The slices were visualized under a PerkinElmer
Vectra Polaris™ fluorescent microscope (Neo Genomics
Laboratories) (magnifications, x100 and x400).

Fluorescence signal quantification and image analysis. To
obtain multispectral images, the stained slides were scanned
using the Vectra System (PerkinElmer, Inc.), which captures
the fluorescence spectra at 20-nm wavelength intervals from
420 to 720 nm with an identical exposure time; the scans were
combined to build a single-stack image. Images of unstained
sections or single-stained sections were used to deduct the
autofluorescence and fluorescein fluorescence observed in
tissues. The extracted images were further used to establish
a spectral library required for multispectral unmixing using
InForm Tissue Finder™ Advanced image analysis software
(PerkinElmer). The InForm Tissue Finder™ Advanced image
analysis software automatically distinguished, the mucosal
basal layer cells and the malignant cells from the normal
cells based on the atypia of tumour tissue structure and the
atypia of tumour cells. The atypia of tumour tissue structure
is characterized by a disordered arrangement, direction, cell
layers and cell rank order under a low power light microscope
(magnification, x100) (26). The atypia of tumour cells usually
have features with difference in size, irregular in shape,
increasing the karyoplasmic ration and atypical pathologic
mitoses under a high-magnification light microscope (magni-
fication, x400) (26).

Using this spectral library, reconstructed images of sections
with the autofluorescence removed were obtained. Each
cell was identified by detecting the nuclear spectral element
(DAPI). To define IFI16* and Ki-67* tumours, specimens
displaying unequivocal nucleus staining were classified as
positive. p-ERK1/2 expression that demonstrated a membra-
nous, cytoplasmic or nuclear staining pattern was classified as
positive. IFI16, Ki-67 and p-ERK1/2 are reported as normal-
ized fluorescence intensity in tumour and peritumoural tissue
segments (Figs. 1 and 2). The proportion of IFI16, Ki-67 and
p-ERK1/2 positive tumour cells (TCs) was evaluated as the
percentage of total TCs (Fig. 3). The normalized fluorescence
intensity was automatically calculated and reported by the
InForm image analysis software. In brief, a threshold of posi-
tive fluorescence signal was set before the calculation was
performed. Then, the fluorescence intensity was divided into
3 levels: An intensity of 1 was defined as a cell-positive signal
strength between 1 and 2 times the threshold; an intensity of 2
was defined as a cell-positive signal between 2 and 3 times the
threshold; and an intensity of 3 was defined as a cell-positive
signal that was more than 3 times the threshold. Following
this, the data were automatically calculated and reported by
the following formula: Normalized fluorescence intensity
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Figure 1. Differential IF116, Ki-67 and p-ERK1/2 expression between CRC tissues and adjacent normal tissues. (A) Representative multiple-fluorophore anti-
body staining in CRC tissues and adjacent normal tissues from the same patient (blue, nucleus; red, IF116; green, p-ERK1/2; and light blue, Ki-67). (B) IFI116
and Ki-67 expression was higher in CRC tissues compared with in adjacent normal tissues. However, no significant difference in p-ERK1/2 expression was
observed between CRC tissue and adjacent normal tissues. Wilcoxon-signed rank tests were used to compare differences in the expression of protein variables.
(C) IF116 expression in CRC tissues and adjacent normal tissues. Whole-tissue lysate derived from tumor tissues and adjacent tissues of 3 CRC patients with
CRC were collected and an equal amount of total proteins was loaded on SDS-PAGE and then subjected to western blotting to detected IFI16 expression.
B-actin was used as a loading control. CRC, colorectal cancer; IFI16, interferon-induced protein 16; p, phosphorylated.

(Hscore) = [(fluorescence intensity of 1+ cell positive rate) x 1+
(fluorescence intensity of 2+ cell positive rate) x 2+ (fluores-
cence intensity of 3+ cell positive rate) x 3] x100.

Western blotting. Tissue lysates derived from CRC cancer
tissues and paired paracancerous tissues of 3 patients with CRC
were prepared using radioimunoprecipitation assay (RIPA)
buffer (cat. no. PO013C; Beyotime Institute of Biotechnology)
in the presence of protease inhibitor Phenylmethanesulfonyl
fluoride (PFMS; cat. no. 36978; Thermo Fisher Scientific
Inc.) and inhibitor cocktail (cat. no. 4693132001; Roche
Diagnostics GmbH). Protein concentrations of the extract
tissue lysates were quantified using a bicinchoninic acid
(BCA) protein assay (cat. no. PO010; Beyotime Institute of
Biotechnology). A total of 10 ug protein/lane was run on a
10% polyacrlamide gel under denaturing conditions. Proteins
were transferred onto a PVDF membrane and blocked for
2 h at room temperature in 0.1% TBST with 5% skimmed
milk. Subsequently the membranes were blotted with IFI16
antibodies and rabbit anti-f3-actin polyclonal antibody at 4°C
overnight. The membrane was washed with TBST 3 times
for 5 min each time and incubated with the horseradish

peroxidise (HRP)-conjugated Affinipure Goat Anti-Rabbit
IgG (H+L) secondary antibody at room temperature for 1 h
(1:3,000; cat. no. SA00001-2, Proteintech Group Inc.). The
detection was performed using Pierce™ ECL western blot-
ting substrate (cat. no. 32106. Thermo Fisher Scientific Inc.).

Statistical analysis. SPSS v.22.0 software (IBM Corp.) was
used for statistical analysis. All experiments were performed
in triplicate and data are presented as the mean + standard
deviation (SD). Differences in the means of continuous
variables were compared using Wilcoxon-signed rank tests.
Unpaired Student's t-tests were conducted to evaluate the
association between protein expression and clinical features.
Co-expression analysis of the IFI16, Ki-67, p-ERK1/2, CDS§
and PD-L1 genes with clinical features was analyzed with
Spearman's rank correlation. P<0.05 was considered to indi-
cate a statistically significant difference.

Results

Differential expression of IFI16, Ki-67 and p-ERK1/2 in CRC
and adjacent tissues. To assess the expression level of IFI16
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Figure 2. Co-localization of IFI16, Ki-67 and p-ERK1/2 in CRC tissues. (A) IF116, Ki-67 and p-ERK1/2 displayed a mutually exclusive expression pattern
in CRC cells. (B) The co-expression frequency of target proteins was analyzed and displayed in a pie chart. (C) IFI16 expression was significantly positively
associated with Ki-67 and p-ERK1/2 expression. In addition, p-ERK1/2 was positively correlated with Ki-67 in CRC tissues. Correlations among IF116, Ki-67
and p-ERK1/2 were evaluated with Spearman's rank correlation. CRC, colorectal cancer; IF116, interferon-induced protein 16; p, phosphorylated.

and proliferation markers in CRC tissues and adjacent normal
tissues, a multiplex immunofluorescence panel of antibodies
against IF116, Ki-67 and phosphorylated (p)-ERK1/2 was
performed. Immunofluorescence assay results demonstrated
that in CRC and adjacent normal tissues, IFI16 and Ki-67 were
localized in the nucleus of TCs, while p-ERK1/2 was located
in both the cytoplasm and the cell membrane and sometimes
to the nucleus (Fig. 1A). IF116 was highly expressed in stromal
cells in both cancer and adjacent normal tissues. Although
weak IFI16 expression was observed in the normal intestinal
mucosal epithelial cells adjacent to cancer tissues, weak to
strong IFI16 expression was observed in different CRC tissues
(Fig. 1). The mean fluorescence intensity level of IFI16 protein
in CRC tissues was significantly higher compared with that
in normal mucosal epithelial cells adjacent to the tumour
(7.48+8.84 vs. 4.38+4.93, respectively; P=0.043; Fig. 1B). The
result was further confirmed using western blotting, although
heterogeneous expression was observed as patient 3 showed
very faint expression compared with the other 2 patients
(Fig. 1C). Ki-67 protein was highly expressed in cancer cells

in the CRC tissues, but was mainly expressed in the mucosal
basal layer cells in the adjacent normal tissues (Fig. 1C). The
mean fluorescence intensity level of Ki-67 protein in cancer
cells was notably higher compared with in adjacent mucosal
epithelial cells (123.35+52.42 vs. 114.04+48.68, respectively;
P=0.046; Fig. 1B). p-ERK1/2 protein could be detected in
both cancer cells and stromal cells in CRC tissues and was
also detected in cells of adjacent normal tissues (Fig. 1A). In
addition, no significant difference in the p-ERK1/2 expres-
sion was observed between CRC cells and adjacent mucosal
epithelial cells (17.29+29.70 vs. 14.09+29.70, respectively;
P=0.163; Fig. 1B). Taken together, these results suggested that
IF116, Ki-67 were relatively higher expressed in CRC tissues
compared with normal tissues.

Co-localization and association of IFI16 with Ki-67 and
p-ERK protein in CRC tissues. InForm Tissue Finder™
Advanced image analysis software was used to analysis the
co-localization of the target proteins. Although, a high IFI16
level was observed in the CRC tissues of certain patients
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Figure 3. Imaging of CD8* TILs and PD-L1 in CRC tissues and assessment of their correlation with IFI16, Ki-67 and p-ERK1/2. (A) A negative to strong
expression level trend of CD8* TILs and PD-L1 was displayed in the immunohistochemical image (magnification, x100). (B) Correlation between CD8* TILs
and PD-L1 with IFI16, Ki-67 and p-ERK1/2 protein expression. For CD8* TILs, a significant positive association with PD-L1 was observed in CRC tissues.
However, no significant association was observed with IFI16, Ki-67 or p-ERK1/2 protein. For PD-L1, although no significant association with IFI16 protein
was observed, a significant correlation with Ki-67 and a marginal association between PD-L1 and p-ERK1/2 were observed. Correlations among IFI16, Ki-67,
p-ERK1/2 with CD8 and PD-L1 were analyzed with Spearman's rank correlation. TILs, tumour infiltrating lymphocytes; PD-L1, programmed death-ligand 1;

CRC, colorectal cancer; IFI16, interferon-induced protein 16; p, phosphorylated.

and the IFI16 expression level was significantly positively
correlated with that of Ki-67 and p-ERK (IFI16 vs. Ki-67:
r=0.307, P=0.007; IF116 vs. p-ERK1/2: r=0.315, P=0.005),
IFI16 was not usually co-localized with Ki-67 or p-ERK1/2
within cells (Fig. 2A and C). The proportion of double-posi-
tive cell subsets, such as IFI16*/Ki-67* cells (1.50%) or
IF116*/p-ERK1/2* cells (0.88%) was much lower compared
with IFI16 single-positive cells (6.68%) (Fig. 2B). However,
the proportion of cells with mutually exclusive expression,
such as IF116*/Ki-67 cells (5.13%) and IFI167/Ki-67* cells
(57.13%), was much higher compared with that of the other
2 subsets (IFI167/Ki-67", 36.23%; IF116*/Ki-67*, 1.50%;
Fig. 2B). In contrast to IFI16 and Ki-67 expression, the propor-
tions of IFI16*/p-ERK" cell (5.76%) and IFI116/p-ERK"* cell
(8.41%) subsets were much lower compared with that of the
IF116/p-ERK1/2" cell (84.95%) subset (Fig. 2B). In addition,
the expression level of p-ERK1/2 was negligibly positively
correlated with that of Ki-67 (r=0.280; P=0.014; Fig. 2C and
the proportion of p-ERK1/2*/Ki-67* double-positive cells was
only 5.37% (Fig. 2B). In addition, the proportions of cells
with double-positive p-ERK1/2*/Ki-67*(5.37%), mutually
exclusive expression, such as p-ERK1/27/Ki-67* cells (53.27%)
and p-ERK1/2*/Ki-67 cells (3.93%), and double-negative
cell subsets (37.44%) displayed the same trend with IFI16 as
with Ki-67 (Fig. 2B). The aforementioned results indicated
that IFI16 protein in CRC tissues showed mutually exclusive
expression with Ki-67 and p-ERK1/2.

CDS8 and PD-LI expression in CRC tissues and its correla-
tion with that of IF116, Ki-67 and p-ERKI1/2 expression. To
explore the association of IFI16 with immune micorenviron-
ment of CRC cell, iimmunohistochemistry was used to test
the expression of CD8 and PD-L1. It was demonstrated that
in 77 CRC tissues, the mean CD8 and PD-L1 expression
rates were 4.26+4.523 and 6.86+13.849%, respectively, and
a significant positive correlation was observed between CDS§
and PD-L1 (r=0.365; P=0.001; Fig. 3B). No significant associa-
tion was observed between IF116 and CD8 or PD-L1 (IFI16 vs.
CD8: r=0.066, P=0.568; IF116 vs. PD-L1: r=0.097, P=0.406;
Fig. 3B). Although neither Ki-67 nor p-ERK1/2 expression
demonstrated a significant association with CDS, a significant
negative association between Ki-67 and PD-L1 and a margin-
ally significant association between p-ERK1/2 and PD-L1
were observed (Ki-67 vs. CDS, r=0.162, P=0.159; Ki-67 vs.
PD-L1, r=-0.281, P=0.014; p-ERK1/2 vs. PD-L1, r=-0.222,
P=0.053; Fig. 3B). Collectively, these results suggested that
IFI16 expression was not influenced by CD8* T cells and
PD-L1 expression in CRC tissues.

Association between IF116, Ki-67, p-ERK1/2, CD8 and PD-L1
and clinical features. To further investigate clinical value of
IF116, SPSS software was used to analysis the IFI16 expression
level with clinical parameters. Although IFI16 expression was
significantly negatively associated with patient age (age >55
vs. <55, 5.46+6.60 vs. 11.69+10.55, P=0.003; Table II), no
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significant association was observed between IFI16 expression
and tumor location, sex, pathological grade, lymph node metas-
tasis or tumour-node-metastasis (TNM) stage (27) (P>0.05;
Table II). The cell proliferation-associated nuclear antigen
Ki-67 (28) was significantly positively associated with lymph
node metastasis (no vs. yes, 66.93+43.53 vs. 91.04+50.96;
P=0.029; Table IT) and TNM stage (I+1I vs. III+IV, 65.72+43.31
vs. 91.88+50.39; P=0.017; Table II). The p-ERK1/2 expres-
sion level was much higher in male patients compared
with in female patients (male vs. female, 26.03+36.73 vs.
6.80+11.56; P=0.004), but there was no significant association
of p-ERK1/2 expression with TNM stage, lymph node metas-
tasis, age, pathological grade and tumor location (P>0.05;
Table II). CD8* tumour-infiltrating lymphocytes (TILs) were
significantly negatively associated with lymph node metastasis
(5.18+4.88 vs. 2.97+3.66; P=0.034), TNM staging (5.25+4.91
vs. 2.94+3.61; P=0.026; Table II) and positively associated
with PD-L1 expression (r=0.365; P<0.001; Fig. 3B). Although
PD-L1 expression was negatively associated with pathological
grade (poorly vs. well differentiated, 20.70+4.76 vs. 4.76+9.99;
P<0.001; Table II), no significant association was observed
between PD-L1 and TNM stage, lymph node metastasis, age,
sex and tumor location (P>0.05; Table II). Taken together,
these results suggested that IFI16 demonstrated no significant
association with clinical outcomes.

Discussion

As a natural immune recognition receptor for foreign DNA
and damaged DNA, IFI16 activates the ATK/AMPK/p53 or
ATK/IKKB/NF-kB signalling pathway and promotes cell
cycle arrest or the expression of the inflammatory cytokines,
such as IL-1, IL-18 and IFN-f (6,7). The release of IFN-f
serves an important role in the body's natural immune
response and in age-related cellular senescence (6,7). Increased
expression of IFI16 in a variety of cell types, such as human
fibroblasts and bone and cartilage tumor cells promotes cell
senescence (10-12). Although senescent cell are resistant
to oncogenic challenge and do not proliferate, they exhibit
senescence-associated secretory phenotype (SASP) (29-33).
SASP is associated with secretion of proinflammatory cyto-
kines. Senescent cells or SASP release multiple cytokines that
may support the proliferation of non-senescent neighbouring
cell via paracrine mechanisms. Accumulation of senescent cell
or SASP in tissues or organs is thought to contribute to organ-
ismal ageing and inflammation-associated human diseases,
including the development of certain cancer types, such as
colon cancer and breast cancer (34,35).

Increasing data have demonstrated that abnormal
expression of IFI16 is closely associated with cancer develop-
ment (6). Due to the different tissue sources and cell contents,
IFI16 can serve a dual role as a tumour suppressor or a cancer
promoter (12-21). The present study demonstrated that IF116
expression level was very low in normal mucosal epithelial
cells. However, barely detectable to strong expression was
observed in CRC cells in different patients in the present
study. The IFI16 expression level in CRC tissues was higher
compared with in normal mucosal epithelial tissues. In addi-
tion, in the present study, a positive correlation in expression
was found between IF116 and the cell proliferation-associated

nuclear antigen Ki-67. The finding of the present study suggest
that IF116 may act as an oncogene to promote CRC occur-
rence. However, IF116 and Ki-67 were usually not co-localized
within cells and 60% of analysed cells in the present study
demonstrated mutually exclusive expression patterns. The
IFI167/Ki-67+ phenotype was significantly associated with
TNM stage The results of the present study suggested that
IFI16 may serve a role in inhibiting CRC cell proliferation. A
potential explanation for these contradictory phenomena may
be that CRC can be divided into 2 categories based on genomic
instability: DNA repair deficiency/microsatellite instability
(dMMR/MSI) and DNA repair mechanism integrity/micro-
satellite stability (pMMR/MSS) (36). The two tumour types
show very different genetic profiles (35). dAMMR/MSI tumours
typically have increased tumour mutational burden, with a
100- to 1,000-fold increased mutation rate compared with
PMMR/MSS tumours (37). This high mutational rate leads to
increased levels of tumour-associated antigen and immune cell
infiltration (37,38). We hypothesized that patients with CRC in
the present study with the dMMR/MSI subtype have an even
higher IF116 expression compared with patients with CRC with
pPMMR/MSS tumours as a much higher gene mutational rate
occurs in dAMMR/MSI tumours. Hence, it was speculated that
the differential IFI16 expression in patients with CRC in the
present study may be associated with the different MMR/MSI
tumours present. However, increased IF116 expression inhibits
cell growth and accelerates senescence (6). To maintain tumour
cells growth, the senescent cells may produce SASP to stimu-
late the survival and proliferation of surrounding cells (33,35).
At present, there are 3 main methods for detecting MMR/MSI
status, including immunohistochemistry, polymerase chain
reaction and second-generation sequencing (39). However, due
to the scarcity of direct experimental evidence, as the TMA
tissue used in the present study did not have high enough
integrity to detect the MMR/MSI status, the association
between IF116, MMR/MSI status and SASP in CRC occur-
rence remains speculative and is a limitation of the present
study.

In addition, the present study found that the IFI16 expres-
sion level was negatively associated with patient age. Compared
with patients older >55 years, higher IFI16 levels were observed
in patients younger than 55 years old. Studies by Raffaella ez al
and Fujiuchi er al (13,14) demonstrated taht the IFI16 expres-
sion was significantly increased in old normal cells and
senescent cells, and the expression was significantly downregu-
lated with cell immortalization and malignant transformation.
However, whether IFI16 expression level in malignant cells is
associated with age has not yet been reported (6). In addition,
sex hormones and environmental factors also influence IFI16
expression, such as prostaglandin and cervical cancer develop-
ment (6,16). Hence, further studies with larger sample sizes are
required to verify the findings of the present study.

The present study also analysed the correlation between
IF116 and p-ERK1/2 protein. p-ERK1/2 is the phosphoryla-
tion product of ERK1/2, a downstream protein in the MAPK
signalling pathway (40). The MAPK signalling pathway serves
an important role in regulating cell proliferation, differentia-
tion, migration, growth, survival and apoptosis, among other
processes (41). Ras-Raf-Mek1/2-ERK1/2 is one of the important
downstream cascades of the MAPK signalling pathway (42).
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When the body's proinflammatory cytokines bind to receptors
on the cell surface, the MAPK signalling pathway is activated to
promote cell growth, proliferation, differentiation or apoptosis,
such as tumor necrosis factor-a (TNFa) (37). Previous studies
have demonstrated that IFI16 is involved in Ras signalling
pathway activation (43-45). Kim ez al (45) demonstrated that in
the occurrence of thyroid cancer, IFI16 acts as a downstream
regulator in the RAS/RAF/ERK signalling pathway to inhibit
the continuous activation of cells induced by the Ras oncogene.
In 2010, Lengyel et al (46) demonstrated that the p204 protein
(a mouse family member homologous to the IFI16 protein) is
an important protein that regulates Ras and its downstream
signalling pathways. Hence, the correlation between IF116
and p-ERK1/2 was investigated in the present study. The
present study revealed that p-ERK1/2 was located mainly
in the cytoplasm and cell membrane rather than the nucleus.
Although the IF116 expression level was significantly positively
correlated with that of p-ERK1/2, the co-localization rate of
IFI16 and p-ERK1/2 in the same cell was very low (0.88%), and
~84.95% of the analysed cells were double-negative for IF116
and p-ERK1/2. The IFI16 and p-ERK1/2 expression model was
quite different from that of IFI16 and Ki-67 observed in the
present study. Surprisingly, only 5.86% of the analysed cells
showed a p-ERK1/2*/Ki-67* phenotype, and 57.2% of the anal-
ysed cells showed a mutually exclusive expression phenotype,
such as p-ERK1/27/ Ki-67* or p-ERK1/2*/Ki-67". In addition,
patients with the p-ERK1/2/Ki-67* phenotype had more lymph
node migration and a more advanced TNM stage and the
opposite was observed in patients with the p-ERK1/2*/Ki-67
phenotype in the present study. These results suggested that
p-ERK1/2, similar to IFI16, may serve a role in inhibiting CRC
cell proliferation.

p-ERK1/2 is located in the cytoplasm and subsequently
translocates to the nucleus, where it activates transcription
factors, such as c-Jun and Fos (40). Nuclear translocation of
ERK/MAPK is required for mitogenesis (46). Cytosolic reten-
tion of p-ERK1/2 can activate certain proapoptotic proteins,
such as cytosolic death-associated protein kinase 1 (47). The
nucleocytoplasmic distribution of ERK/MAPK is used for
regulating ERK/MAPK signalling (48). There are quite a few
proteins involved in the regulation of localizing ERK/MAPK
signalling, such as LYN proto-oncogene (Lyn), proliferation
and apoptosis adaptor protein 15 (PEA15) and human Sef
gene (46-48). Our present data indicated that p-ERK1/2 is
expressed in both the membrane and cytoplasm of CRC cells
and in the nucleus. p-ERK1/2 expression was also positively
correlated with Ki-67 protein expression. These results
indicated that the p-ERK1/2 expression level was closely
associated with the proliferation potential of CRC cells,
which is consistent with the aforementioned studies (49-51).
However, the results of the present study demonstrated that
p-ERK1/2 does not usually co-localize with Ki-67 in CRC
cells, which contradicted the aforementioned results. The
inconsistent results may be partially due to the inability to
divide the p-ERK1/2 protein into nuclear-located p-ERK1/2
and non-nuclear located ERK1/2 and analyse the subsets sepa-
rately in the present study. Hence, future studies should clarify
this issue using in vitro cell culture experiments.

In addition, the present study demonstrated that the
p-ERK1/2 expression level in males was much higher

compared with in females. We hypothesised that this result
may be associated with the samples used in the present study.
p-ERK1/2 expression is affected by numerous factors, such as
hypoxia and chronic inflammation and thus, whether there is
a direct correlation between p-ERK1/2 and sex in CRC tissues
must be further verified in future studies.

IFI16 is an important protein that links innate immunity
and adaptive immunity (7). Intracellular DNA activation of
human monocyte-derived dendritic cells (DCs) as well as
primary DCs was dependent upon IFI16 protein expression and
IFN-f expression (52). More important, activated DCs induce
naive CD4*T cells to promote Thl-type cytokine production,
such as IL-2, IFN-y (53) and generate CD4*and CDS8* cyto-
toxic T cells (54). Qi et al (55) reported that IFI16 expression
may be a good prognostic biomarker and immunotherapeutic
target in patients with HCC. Hence, the present study detected
and analysed the relationship between IFI16 expression and
PD-L1/CD8* TILs in CRC tissues. However as the findings of
the present study demonstrated no significant association was
observed between IFI16 and CD8* TILs or PD-L1 expression.
This result was opposite of that by Cai et al (16), who demon-
strated that IF116 promotes cervical cancer progression by
upregulating PD-L1 expression. This difference may be attrib-
uted to differences in the diseases or the methods. In addition,
the present study did not subtype the patients with CRC based
on molecular characteristics, such as MMR/MSI phenotype,
which may influence the expression model obtained for IF116,
PD-L1 and CDS8* TIL.

CDS8* TIL infiltration was positively associated with
PD-L1 expression in the present study. Infiltration of CD8*
TILs boosts PD-L1 expression in cancer cells to facilitate
their escape from attack by CD8* TILs (56-59). Therefore, the
findings of the present study also supported the notion that
the expression level of PD-L1 in CRC tissues can be used
as an effective predictor of the response to the programmed
death/PD-L1 immune checkpoint therapy. CD8* TIL infiltra-
tion in CRC tissues was related to a low rate of lymph node
metastasis and early TNM stage in the present study, which
further supports the notion that CD8* TIL abundance is a good
predictor of clinical outcome for patients with CRC (60,61).
In conclusion, to the best of our knowledge, the present study
was the first time multiplex immunofluorescence and THC
techniques were used to explore the expression and potential
mechanism of IFI16 in CRC tissues. Although IFI16 expres-
sion was significantly increased in CRC tissues compared
with adjacent normal tissues and had a positive association
with Ki-67 and p-ERK1/2 expression, IFI16 usually showed
mutually exclusive expression patterns with Ki-67 p-ERK1/2.
The findings of the present study suggested that increased
IFI16 expression may serve a role in inhibiting CRC cell
proliferation and contribute to cell senescence. In addition, the
senescent cells likely stimulate the survival and proliferation
of surrounding cells through production of SASP. However,
future studies need to be conducted to support this hypothesis
and uncover the molecular mechanism underlying IFI16 in
CRC occurrence.
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