& frontiers | Frontiers in Genetics

ORIGINAL RESEARCH
published: 19 May 2022
doi: 10.3389/fgene.2022.821826

OPEN ACCESS

Edited by:

Ayan Biswas,

The University of Alabama at
Birmingham, United States

Reviewed by:

Vikash Kansal,

Emory University, United States
Rolando Garcia-Milian,

Yale University, United States

*Correspondence:
Tao Yu
yutao1986¢cn@163.com
Hua zhu
zhuhuawhu@163.com

TThese authors have contributed
equally to this work

Specialty section:

This article was submitted to

Cancer Genetics and Oncogenomics,
a section of the journal

Frontiers in Genetics

Received: 24 November 2021
Accepted: 04 April 2022
Published: 19 May 2022

Citation:

YuT, Li D, Zeng Z, Xu X, Zhang H,
Wu J, Song W and Zhu H (2022) INSC
Is Down-Regulated in Colon Cancer
and Correlated to Immune Infiltration.
Front. Genet. 13:821826.

doi: 10.3389/fgene.2022.821826

Check for
updates

INSC Is Down-Regulated in Colon
Cancer and Correlated to Immune
Infiltration

Tao Yu'*!, Dan Li?', Zhi Zeng®, Xu Xu®, Haiming Zhang, Jie Wu?, Wei Song? and Hua Zhu®*

"Department of Oncology, Integrated Chinese and Western Medicine, The Central Hospital of Wuhan, Tongji Medical College,
Huazhong University of Science and Technology, Wuhan, China, “Department of Pharmacy, Renmin Hospital of Wuhan
University, Wuhan, China, *Department of Pathology, Renmin Hospital of Wuhan University, Wuhan, China, “Department of
Geriatrics, Renmin Hospital of Wuhan University, Wuhan, China, °Department of Neurosurgery, Renmin Hospital of Wuhan
University, Wuhan, China

Background: Previous studies have verified that Inscuteable Spindle Orientation Adaptor
Protein (INSC) can regulate cell proliferation and differentiation in the developing nervous
system. It also plays an important role in spindle orientation during mitosis and asymmetric
division of fibroblasts and participates in the process of stratification of the squamous
epithelium. The role and potential mechanism of INSC in the development of colonic
adenocarcinoma (COAD) have not been fully understood. This study aimed at exploring the
prognostic value of INSC in COAD and the correlation of its expression with immune
infiltration.

Methods: The Cancer Genome Atlas (TCGA), Genotype-Tissue Expression (GTEX)
project, Gene Expression Profiling Interactive Analysis (GEPIA), and Gene Expression
Omnibus (GEO) database were used to analyze the expression of INSC in COAD. The
INSC protein expression level was analyzed by immunohistochemistry staining and the
Human Protein Atlas (HPA) database. The diagnostic and prognostic values of INSC in
COAD patients were analyzed using receiver operating characteristic (ROC) and
Kaplan-Meier (KM) survival curves. In order to understand whether INSC is an
independent prognostic factor, we used univariable and multivariate Cox analyses to
analyze INSC expression and several clinical characteristics with survival. We use STRING
analysis to find INSC-related proteins and related biological events analyzed by Gene
Ontology (GO) annotation and Kyoto Encyclopedia of Genes and Genomes (KEGG)
analysis. At last, GEPIA and the Tumor Immune Estimation Resource (TIMER) were
employed to explore the relationship between INSC and immune infiltrates and its
marker gene set.

Results: INSC was lower expressed in COAD tissues than in normal colon tissues, which
was correlated with tumor stage. Patients with lower expression of INSC had shorter
overall survival (OS). Moreover, univariable Cox analysis demonstrated that high
expression of INSC was an independent prognostic factor for COAD. ROC analysis
showed INSC was an accurate marker for identifying tumors from normal colon tissue, and
the AUC of the curve was 0.923. Significant GO term analysis by GSEA showed that genes
correlated with INSC were found to be enriched in several immune-related pathways.
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INSC Prognostic Value in COAD

Specifically, INSC expression showed significant negative correlations with infiltration
levels of B cells, CD4* T cells, macrophages, DCs, and their marker sets in COAD.

Conclusion: INSC was provided with prognostic value in COAD and related to immune

invasion.

Keywords: INSC, immune cell infiltrates, prognosis, colon cancer, bioinformatics analysis

1 INTRODUCTION

Colonic adenocarcinoma (COAD) is one of the most prevalent
digestive tract cancers, with a significant fatality rate (Sanoff
et al., 2007). Worryingly, the rates of recurrence and death of
COAD are rising (Bray et al., 2018). Despite recent
advancements in therapy, the 5-year survival rate has not
increased appreciably. As a result, finding gene signatures
or biomarkers to detect the intrinsic genetic and epigenetic
heterogeneity of COAD, as well as developing prognostic
models to guide therapy, is critical.

In terms of morbidity, colon cancer, a malignancy of the
alimentary canal, ranks third among malignant tumors globally
(Bray et al., 2018). According to recent research, more than one
million people are diagnosed with colon cancer each year, with a
disease-specific death rate of over 33% in industrialized nations
(Ferlay et al., 2015). Colon cancer mortality is on the rise as a
result of dietary and lifestyle changes (Mcguire, 2016). Despite
significant improvements in colon cancer treatment choices, the
5-year survival rate remains poor. As a result, we must seek novel
biomarkers to aid in the correct and early diagnosis of COAD, as
well as identify effective targets to increase the treatment impact.

INSC (INSC Spindle Orientation Adaptor Protein) is a
protein-coding gene according to previous studies. Apico-basal
polarity in epithelial stem cells is produced by apical enrichment
of the polarity proteins Par3: Par6: aPKC, which can recruit an
adaptor called Inscuteable at the apical membrane. INSC codes
for a conserved 35-residue peptide (INSC PEPT hereon) that
binds to the N-terminal TPR domain of LGN/ALGN with
nanomolar affinity 10, 11, and 19 (Culurgioni et al.,, 2018).

The INSC-dependent system, which includes INSC, BAZ, and
PINS, is active throughout mitosis, whereas the cryptic INSC-
independent pathway is functional only late in mitosis (anaphase
and telophase) and is essential for telophase rescue (Wang et al.,
2006). The mitotic spindle is also directed to align along the
polarity axis by INSC (Bowman et al., 2008). Current findings in
the mouse epidermis reveal that the protein INSC plays a critical
function in appropriate spindle orientation as both an
instructional and regulatory signal (Poulson and Lechler,
2010), which keeps the polarity of the Par complex and the
neuroblast (Schober et al, 1999). A genome-wide association
study identified INSC gene was associated with Alzheimer’s
disease-related cognitive phenotypes (Wang et al, 2021).
However, the role of the INSC gene in COAD malignancy has
not been reported.

In the present study, public databases such as The Cancer
Genome Atlas (TCGA) and Gene Expression Omnibus (GEO)
were used to comprehensively investigate the relationship

between INSC and the prognosis of COAD. TIMER was
employed to assess the correlation between INSC and tumor
immune cell infiltration. The results provided new insights into
the function of INSC and novel targets for the COAD diagnosis
and prognosis.

2 METHODS

2.1 RNA-Sequencing Data and

Bioinformatic Analysis

Expression data of INSC gene and clinical information of
COAD patients were collected from The Cancer Genome
Atlas (TCGA, https://tcga.xenahubs.net), Genotype-Tissue
Expression (GTEx) project (https://gtexportal.org/) (GTEx
Consortium, 2020), and Gene Expression Omnibus (GEO)
(http://www.ncbi.nlm.nih.gov/geo/) database (Barrett et al.,
2013). The data of 521 samples, including 41 para-cancerous
tissues and 480 tumor tissues, from TCGA were extracted.
There were 308 normal colonic tissues obtained from GTEx.
Additionally, the INSC expression data were obtained from
GSE44076 and GSE39582 datasets in the GEO database to
verify the INSC expression level in tumor and non-tumor
tissues. The boxplot was realized by using the R software
package “ggplot2.”

2.2 Protein Expression Analysis

The human protein atlas (HPA) database (https://www.
proteinatlas.org/) (Uhlén et al., 2015) was applied to
determine INSC protein expression levels through
immunohistochemistry (IHC) staining (antibody
HPA039769). We obtained the INSC IHC photographs of
COAD patients from the HPA database.

In order to further confirm the expression of INSC in the colon
and COAD tissues, 82 paired normal and COAD tissues (49 men
and 33 women, average age of 63 + 13 years old) were enrolled
and determined by IHC staining (Li et al., 2021a). Briefly,
deparaffinized and rehydrated sections were subjected to 3%
H,0, and then antigen retrieval by citric acid buffer (pH 6.0).
After sealing at room temperature for 20 min with 5% bovine
serum albumin, the slices are incubated overnight (16-18 h) at
4°C with primary anti-INSC antibody (1:50 dilution for colon
tissues, HPA039769, Atlas Antibodies AB, Sweden). Then, the
sections were incubated with biotinylated-linked antibodies and
peroxidase-labeled streptavidin (UltraSensitive™ SP (Mouse/
Rabbit) IHC Kit-9710; Maixin Bio, Fujian, China) for 15 min
at room temperature. Then, the reaction products were stained
with 3,3’-diaminobenzidine (DAB) and lightly counterstained
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with hematoxylin. The sections with PBS instead of primary
antibody served as a negative control. The INSC expression levels
were evaluated according to the average score of two independent
pathologists’ evaluations who were unaware of the diagnosis
outcome. INSC expression in tumor cells was classified based
on a four-tier grading system (scores: 0 = absent, 1 = weak, 2 =
moderate, and 3 = strong staining). Generally, a score less than 1
was considered negative, and a score more than 1 was considered
positive.

2.3 Prognosis Analysis of Inscuteable
Spindle Orientation Adaptor Protein

Expression in Colonic Adenocarcinoma
First, we applied the KM survival and receiver operating
characteristic (ROC) curves to assess the prognostic values of
INSC in patients with COAD. Second, we performed univariate
and multivariate regression analyses to evaluate the relationship
between the expression of INSC and the overall survival (OS) of
patients with COAD as we previously reported (Zhu et al., 2021a;
Li et al., 2021b). The forest realized through the “forestplot” R
package was applied to display the p-value, hazard ratio (HR),
and 95% confidence interval (CI) of each variable.

2.4 Functional Analysis of Inscuteable
Spindle Orientation Adaptor Protein in

Colonic Adenocarcinoma

The (protein-protein interaction) PPI network of INSC was
conducted by the Search Tool for the Retrieval of Interacting
Genes/Proteins (STRING) (version: 11.5, https://cn.string-db.
org/) database. The minimum required interaction score was
set as medium confidence 0.400. The max number of interactors
to show is as follows: first shell: no more than 10 interactors;
second shell: none. We use the R packs such as clusterProfiler
[version 3.14.3] and Org Hs. Eg.db [version 3.10.0] to perform the
Gene Ontology (GO) and the Kyoto Encyclopedia of Genes and
Genomes (KEGG) pathway enrichment analysis of the obtained
genes, and the p-value is set to be less than 0.05. The results are
visualized and displayed in a bubble chart with the ggplot2
package [version 3.3.3].

We further used LinkOmics (http://www.linkedomics.org/
login.php) (Vasaikar et al, 2018) to conduct the GO and
KEGG pathway enrichment analysis. The cancer type: TCGA_
COADREAD; data type: RNAseq; platform: HiSeq RNA; and
target dataset: (data type: RNAseq; platform: HiSeq RNA).

2.5 Association Between Immune Cell
Infiltration and Inscuteable Spindle
Orientation Adaptor Protein in Colonic
Adenocarcinoma

We used Tumor Immune Estimation Resource (TIMER) (https://
cistrome.shinyapps.io/timer/) and Gene Expression Profiling
Interactive Analysis (GEPIA) (http://gepia.cancer-pku.cn/api.
html) to investigate the correlations between INSC and tumor-
infiltrating immune cells (TIIC). Spearman correlation analysis

INSC Prognostic Value in COAD

and the CIBERSORT method were further employed to evaluate
the correlation between INSC and TIIC and their corresponding
molecular markers.

2.6 Statistical Analysis

The data analysis and mapping involved in this study are
completed by R software (version 3.6.3) and R language
package ggplot2 (version 3.3.3). RNAseq data were converted
into TPM (transcripts per million reads) format, and log2
conversion is performed. For the comparison between groups,
the normality test should be conducted first. If the samples do not
meet the normality test (p < 0.05), then the Mann Whitney U test
(Wilcoxon rank sum test) will be selected. The chi-square test was
used to analyze the correlation of INSC expression with the
clinicopathological factors of COAD. The Kaplan-Meier
method was used to calculate the relationship between INSC
expression and prognosis of COAD. Univariate and multivariate
Cox regression analyses were conducted to assess the effect of
INSC on the prognosis of COAD. The “survival” package (3.2-10
version) was applied for statistical analysis of survival data, and
the “survminer” package (0.4.9 version) was employed for
mapping survival curves. The forest was applied to show the
p-value, HR, and 95% CI of each variable. Spearman correlation
analysis was used for genetic correlation. p < 0.05 was considered
to be statistically significant.

3 RESULTS

3.1 Association Between the Expression of
Inscuteable Spindle Orientation Adaptor
Protein and Clinicopathological Features in

Colonic Adenocarcinoma Patients

The clinicopathological features of 478 COAD patients were
extracted from TCGA, including age, gender, TNM stage,
pathologic stage, and CEA level. According to the expression
level of INSC, we divided all samples into high expression and low
expression INSC groups by median. Detailed clinical information
was shown in Supplementary Table S1.

3.2 Expression of Inscuteable Spindle
Orientation Adaptor Protein mRNA in

Colonic Adenocarcinoma

We investigated numerous sets of data from different
databases in order to better understand INSC expression in
tumors and normal tissues. The GEPIA database was used to
validate INSC mRNA expression. The data are presented as a
body heat map (Supplementary Figure S1). The color red
denotes cancerous tissue, whereas the color green denotes
normal tissue. The higher the intensity of expression, the
darker the hue. The region around the large intestine is
brightly colored, showing that INSC is abundantly
expressed in a healthy large intestine. The differential
expression of INSC mRNA in pan-cancer cells was next
investigated. Figures 1A and B show the data from TCGA
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FIGURE 1 | INSC expression levels in cancers. (A-B) The expression levels of INSC were different in pan-cancer tissues compared to those in normal tissues
according to TCGA datasets (A) and GEO datasets (B), respectively. (C-D) Compared to the normal colon tissue, the expression level of INSC was significantly
decreased in COAD tissues (p <0.001). (C) Unpaired samples in TCGA datasets and GTEx datasets. (D) Paired samples in only TCGA datasets. The expression of INSC
from GSE44076 (E) and GSE39582 (F) in GEO datasets ("o < 0.05, **p <0.01, **p < 0.001, ***p < 0.0001).
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B -3 ®
-] =3 o
1 1 1

Positive rate of INSC
protein expression (%)
S
1
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FIGURE 2 | INSC expression in normal colon and COAD tissues was determined by immunohistochemistry. The level of INSC protein in COAD (A) and normal
tissues (B) (Antibody HPA039769) form the HPA database; (C) INSC protein expression in COAD and non-cancerous colon tissues and its immunohistochemical
staining in representative tissue specimens. Original magnification, x40; (D) immunohistochemical staining of INSC proteins in representative COAD and non-cancerous
colon specimens. The left side represents cancer tissues and the right side represents non-cancer tissues. Original magnification, x100; (E-H) the score of INSC
expression in representative tumor cells of COAD ((E) score = 3, (F) score = 2, (G) score = 1, and (H) score = 0); magnification, x100; (I) expression of INSC in
representative normal colon cells ((l) score = 3); magnification, x100; (J) positive rate of INSC protein expression in adjacent non-cancerous colon tissues and COAD
tissues (p <0.001, cancer vs. non-cancerous tissues, chi-squared test), n = 82, and six samples were lost.

and GEO, respectively. It was found that in adrenocortical ~ expression was lower in tumors than in normal tissues. Figures
carcinoma, breast cancer, bladder cancer, colon cancer, head  1C-F illustrate the mRNA expression of INSC in COAD from
and neck cancer, kidney cancer, stomach adenocarcinoma, = TCGA and GEO. INSC expression was considerably lower in
prostate cancer, lung cancer, and COAD, the INSC mRNA  COAD tissues than in normal tissues (p < 0.001).
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FIGURE 3 | (A,B) Association between INSC expression and clinical features such as age and gender in COAD. (C,D) The association between INSC expression
and clinical features such as T and M stages in COAD. Lower INSC expression was related to higher T and M stages (*p < 0.05). (E) The KM survival curve displayed a low
level of INSC with a poor prognosis for COAD patients. (F) ROC analysis illustrated that INSC was an accurate marker to distinguish tumor from normal tissue. The AUC

3.3 Protein Expression of Inscuteable
Spindle Orientation Adaptor Protein in

Colon Normal and Cancer Tissues

The protein expression of INSC was analyzed by
immunohistochemical staining images obtained from HPA.
INSC protein was highly expressed in colonic mucosal
glandular epithelial cells located in cytoplasmic and
membranous (Figure 2A). On the contrary, there was less
expression of INSC protein in COAD tissue (Figure 2B). To
further investigate the protein expression of INSC in non-
cancerous colon and COAD tissues, the INSC protein
expression was detected in a larger size of 76 COAD tissues
and its adjacent non-cancerous colon tissues by IHC staining.
The results showed that non-cancerous colon tissues had stronger
THC staining than COAD tissues (Figures 2C, D). The scores of
INSC protein expression ranging from 3, 2, 1, and 0 in
representative  COAD tissue specimens were presented in
Figures 2E-H. The representative IHC staining of non-
cancerous colon tissue with a score of 3 was shown in
Figure 2I. It was also found that the positive expression rate
of INSC was higher in normal colon tissues (85.53%) than that in
COAD tissues (40.00%) (p < 0.001, Figure 2J).

3.4 Prognostic Potential of Inscuteable
Spindle Orientation Adaptor Protein in

Colonic Adenocarcinoma

First, we explored the association of INSC with clinical
manifestation in COAD. Lower INSC expression was shown
to be related to greater T and M stages (p <0.05) but not age
and gender (Figures 3A-D). The connection between INSC
expression and survival outcomes was assessed by the KM
survival curve. The median was used as the cutoff value for
the high and low INSC expression groups. OS was shown to be
longer in patients with increased INSC expression (log-rank test,
p =0.014) (Figure 3E). The ROC curve results were reported as
AUC scores (area under the ROC curve) (Figure 3F). The AUC in
this trial was 0.923 (CI: 0.901-0.946). INSC was able to
discriminate between normal and malignant tissues according
to these findings. Figures 4A, B showed a univariable and
multivariable Cox regression analysis of INSC and clinical data
that might be linked to OS. In the univariate Cox model, a low
INSC level (p = 0.028) was linked with age and pathologic TNM
stage in OS occurrences (p < 0.01). Age and pathologic TNM
stage were independent variables associated with OS in COAD
(p <0.01) in the multivariate Cox model.
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FIGURE 4 | Univariate and multivariate Cox regression of the INSC gene and other five clinical characteristics. (A) The forest plot of univariate regression analysis.
(B) The forest plot of multivariate regression analysis.

3.5 Protein-Protein Interaction Networks
and Enrichment Analyses of Inscuteable
Spindle Orientation Adaptor

Protein-Related Genes

In order to study the functional network of INSC-related genes in
COAD, we first identified INSC-related genes with the STRING
webtool. INSC-related genes included NAGLU, NUMBL, PCP2,
PARD3B, PROX1, PARD3, NUMB, and TTC28 (Figure 5A).
Their annotation and combined scores are presented in Figure 5C.
Combined with the GO/KEGG enrichment analysis, we found that
genes correlated with INSC were located mainly in the apical part of
the cell (p < 0.001), cell-cell adherens junction (p < 0.001), and
bicellular tight junction (p = 0.023). They were involved in the
biological process of forebrain generation of neurons, lateral
ventricle development and neuronal stem cell division. KEGG
pathway analysis showed they were enriched in the Notch
signaling pathway and glycosaminoglycan degradation (Figure 5B).
The top 50 positively and negatively correlated genes with INSC were
presented in Figures 5D, E. We further assessed the GO biological
process and KEGG pathway analysis from LinkedOmics. The results
showed that INSC was related to several immunological processes and
pathways. The GO biological process analysis revealed that INSC was
related to leucocyte cell-cell adhesion, B cell activation, negative
regulation of cell activation, myeloid dendritic metabolic process,
mast cell activation, regulation of leukocyte activation, and adaptive
immune response (Figures 6A,C). The KEGG pathway analysis
showed that INSC was associated with the IL-17 pathway, drug
metabolism, and Notch signaling pathway (Figures 6B, C).

3.6 Association Between Inscuteable
Spindle Orientation Adaptor Protein
Expression and Immune Cell Infiltration in

Colonic Adenocarcinoma

To further explore how the INSC gene affects tumor progression,
the TIMER database was employed to analyze whether INSC
expression was associated with TIIC in COAD. The results
indicated that the expression of INSC was significantly related
to the major immune cell infiltrates, such as B cells and
macrophages (Figure 7A). INSC copy number variation
(CNV) was correlated with the infiltration levels of B cells,
CD8" T cells, and dendritic cells (Figure 7B). There was a
positive correlation between INSC and B cell markers, CD19,
and CD79A (Figure 7C). In addition, the CIBERSORT method
was further used to assess the cellular composition of TIIC in
COAD. It suggested statistical significance between INSC and
B cells, CD4" T cells, macrophages, and dendritic cells (p < 0.05)
(Figure 7D). These results suggest that INSC played a critical role
in regulating TIIC infiltration in COAD.

3.7 Correlation of Inscuteable Spindle
Orientation Adaptor Protein Expression
With Immune Marker Sets

We focused on the association of INSC with marker genes of
diverse immune cells, including CD8" T cells, T cells (normal),
B cells, monocytes, TAMs, macrophages M1 and M2, neutrophils,
NK cells, and DC, in order to further validate the link between

Frontiers in Genetics | www.frontiersin.org

May 2022 | Volume 13 | Article 821826


https://www.frontiersin.org/journals/genetics
www.frontiersin.org
https://www.frontiersin.org/journals/genetics#articles

Yu et al.

INSC Prognostic Value in COAD

B Notch signaling pathway -| ’
Glycosaminoglycan degradation | [ ]
phosphatidylinositol binding - padjust
hexosaminidase activity | ® [
alpha-catenin binding 4 @
apical part of cell - . S
bicellular tight junction - [} 6 ;
cell-cell adherens junction - . O 3
forebrain generation of neurons .
neuronal stem cell division - .
lateral ventricle development | .
01 02 03 04 05
C GeneRatio
Gene symbol Annotation Score
NAGLU Alpha-N-acetylglucosaminidase 0.678
NUMBL Numb-like protein 0.707
PCP2 Purkinje cell protein 2 homolog 0.792
PARD3B Partitioning defective 3 homolog B 0.975
PROX1 Prospero homeobox protein 1 0.729
PARD3 Partitioning defective 3 homolog 0.958
NUMB Protein numb homolog 0.792
TTC28 Tetratricopeptide repeat protein 28 0.792
pep peat p
D E
| -
1 g ‘I Il sALL ‘f”\H “ I ‘ \[H ‘ il ‘I“‘ I MI [ \‘\I“ ‘ H‘II\“[HHI l\l ézﬁ:s'\
e B A e
" | HH‘ R‘Hll 1 ‘ ‘ ! ”" I ‘ I \ IH HI Il} EMID\ E:U ‘ ] ]H\H\’”‘ 1\ ‘J‘Ill ‘H!! MAR\‘JD
HH”“\‘ H‘ "l‘ \ l‘\["l‘ \:[1 A “”{1 F l\ ‘I }:‘::)‘ HH H il“'“‘l E“ll’“‘l,": { 122? I “ i ;‘l‘ A " | ,|‘II i l\‘ i i } J\‘I‘[ I? “ l”\“\“ 1) 0“‘ Y'”J‘ @'SPR
“r“| 'H*' i) [ M ‘ ‘u‘;gui;n wl\"’M I3 h‘“m"‘ }"' 'l‘h N m i,"l‘H“”( i S
! l | I II ‘I “‘ il ! s‘s‘:s:w Ik L \“\I[I‘ HH\ ilHllI | l‘l‘ll ' il \I‘l c\m‘
(\’H\ \ \[\Imr\‘ il "\ ‘IH 'ﬁ‘ i \U'\ | ‘”“PH “ \M{ )&“"‘Iggfm [\ “ <\l1 ‘\‘\] \‘\h“\ Ji\h H‘]” “IH]“‘.H EW”\N LK ]JT \ ‘r I ﬁf"" Z:Score. Group
‘ “‘\ 1 \ H 1 HJ IR I I‘ H IH I”\I ‘f‘\ ]i"f Im Mw:{:2 ‘I' Il l r' [\ ‘ H‘ l ‘ | ‘\ ‘ il || \ ‘”Hl‘ \N “ I} IJ APm‘m“‘ .>3 .G
!\E Y|WIH ‘\ I 1J 1 IH | 1 [ [H\ f”\"\‘ﬂ]\’ R IJJ‘ ‘ Yl ! ‘HIH HMGCLL ‘é !HIHH! Hll ‘!i I \”‘ [‘ /\ ‘ “ ! ‘ Z“ ‘\‘\‘\‘f l ‘Iy c ; .2
'W," A I ¥ m”h“w‘ \)‘ llmr‘ i f‘ i ‘i i (r ! F'fﬁ &= U i t it ‘u‘ il .’ HN “‘"”a“ i “"‘M‘ | qmi i ‘\ il 2. B g
e R 2 Mm i it ek H i H iR \” mi
‘ il l \ [ ‘ ‘ I!I H WNT4. ‘ L] J | \‘ Jl I ’HU " DnFIp‘!Uuze
EI{I\“W)I\I w\l b h I%“ J" II IJI\HI ! ‘w i ‘ ‘ “ H \fll‘ i lLI‘HI‘: %G:Z::r ‘H; { "Illll‘ ‘ll“ ‘[” |‘II 61' I [ ‘\!‘ { \I ; ] ‘ ) H HOMEM
I I I 1L
‘Hll\l \j\] | \[ ) l\ I{ ’Hf ”J !H Ji\ H H \l\l ‘Il 1 I‘:F ‘Il; ‘5:‘ il ][II‘ i’”t‘; 5;% I H H‘IH”U‘ HH \[‘l” HH \:1” H\ IH Il ‘ \: ll‘ W_I ] l ‘ I I If ‘\1 s“m(
\ \II l Hll” I ‘\ “\ l[‘ “Il\Hl‘ ‘le \ I\Vl ac;:é“ 1 : ‘ ‘ I" !‘l i J”ﬁ“ i | Nﬂs“
‘ n' } 1 \J “n il 1‘ m' ‘\”“\” }I ””ln ||n'1 d d W“l:' |m I \ ”' I\ Iﬂ u l?\ MI\“H “IH\ |‘ ‘lu \u ’ | ‘I| Pobiioe
f\ i uﬂl ‘I i H[l il ml P x‘\‘\ i I‘]ln”h“\ # [1 | ::;75. 'wl i u\ A \’ ‘ H ”\ H‘ II 1"1 '\‘u b | i |l Z%GN“
Iﬂ\! ‘H I l\{ \‘ \I Il‘\ { ‘WI‘ ‘I \‘1\\“ [AKREO [ i \ IH II I\ ]\I‘\ ‘H U 1:&;2;
luLl :I” Hn‘\ {leh pL | ‘I | H\n H\ ‘I m"‘u' b ‘lITIHPI‘IIrdI[J |'W|M|” ﬁzm '\llnl l'\ :‘ i HI:\J\I\! ‘ I Ll |W\ﬁ\ |‘| '\‘l" ”“ "u‘| l | S
FIGURE 5 | PPl and GO/KEGG analysis of INSC. (A) PPI network of INSC. (B) Bubble chart showing the enrichment resuits. (C) The detailed information of INSC-
related genes. (D) Top 50 positively or negatively significant correlated genes with INSC.

INSC and immune infiltrating cells. INSC expression was shown
to be substantially linked with the overwhelming majority of
B cell and macrophage immunological markers in COAD. As a
result, we were able to demonstrate the COAD
microenvironment’s  unique relationship ~with immune
infiltrating cells.

4 DISCUSSION

As described in the background, it is urgent to understand the
molecular mechanism of the genesis and progression of COAD
and to explore new markers and therapeutic targets in the context
of the high mortality rate and the lack of early diagnosis and

effective therapeutic targets. This study aims to explore the
diagnostic value of the INSC gene in COAD and its influence
on tumor immune infiltration.

Studies have confirmed that INSC is mainly involved in cell
mitosis. So far, few studies have paid attention to its role in the
occurrence and development of colon cancer. In the present
study, we investigated the differential expression of INSC in
pan-cancer, including COAD. We discovered that INSC was
depressed in a variety of tumor tissues compared to normal
tissues as well as in COAD. The immunohistochemical results
from 76 COAD patients also confirmed this conclusion.
Moreover, INSC mRNA levels were markedly related to
pathological T and M stages. Next, the ROC and KM survival
analyses were employed to illustrate the relationship between
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FIGURE 6 | GO (A) and KEGG (B) pathway analyses from LinkOmics. (C) Immune-related biological processes and pathways that related to INSC in COAD.

assessed the relationship between INSC expression and
clinicopathological features that were related to OS in COAD
by univariate and multivariate Cox regression analyses. It

INSC and the survival rate of COAD patients. To ensure the
accuracy of the conclusion, we used the data obtained from
TCGA and GEO databases at the same time. We further
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revealed that low INSC expression (p < 0.001) was an important
risk factor for the prognosis of COAD. These results illustrate that
low INSC expression is related to worse prognosis, and INSC has
potential value in predicting prognosis in COAD.

The PPI network was employed in this investigation to find
INSC co-regulatory proteins using string tools. INSC-related
genes, such as NUMB and NUMBL, were found to be enriched
in the Notch signaling pathway. Notch receptors and their
ligands are abnormally active in several forms of human
malignancies, including COAD, according to recent
research  (Suliman et al, 2016). Furthermore, in
mammalian cells, dysregulation of the Notch system causes
disastrous mitosis (Pfevorovsky et al., 2016). The Notch

signaling pathway’s abnormal activation may be involved in
the formation of cancers, particularly in colon carcinoma
(Zhang et al., 2017). In addition, INSC has been shown to
alter mitosis in previous investigations (Wang et al., 2006),
and the results obtained in our study are the same. But how
INSC affects the Notch signaling pathway remains to be
further studied.

An immune infiltration within the tumor often affect the
prognosis of patients (Hu et al,, 2021; Zhu et al, 2022) and
treatment response in many malignancies (Buisseret et al., 2018;
Zhu et al., 2021b). So, we focused on INSC-related immune
infiltration levels in COAD to learn more about the latent
mechanisms of INSC. According to our findings, INSC and
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B cells, CD4" T cells, macrophages, and dendritic cells showed a
substantial difference. INSC expression was positively correlated
with B cells, CD4" T cells, and dendritic cell infiltration in COAD,
but negatively correlated with MO and M1 macrophages.
According to publications, B cells and CD4" T cells have been
related to better clinical outcomes in COAD (Yang et al., 2018).
B cell differentiation into antibody-secreting cells is facilitated by
the interaction of follicular CD4" T cells with B cells (Wongthida
et al., 2020). As the same, contact between CD4" T cells and
follicular B cells enhances CD4" T cell activation and
differentiation into effector and memory cells (Tay et al,
2019). To sum up, low INSC expression indicates a low
amount of B cells and CD4 + T cell infiltration, as well as a
poor prognosis.

According to further study, monocytes and macrophages
MO and M1 were also connected with colon cancer survival
risk in addition to B-cell naive and B-cell memory (Wu et al,,
2020). Several studies demonstrated that macrophages
enhance colon cancer cell proliferation, which is consistent
with the fact that more macrophages are related to a worse
prognosis for colon cancer (Wu et al., 2020). As we know, M1
macrophages and M2 macrophages are two types of
macrophages (Han et al., 2020). M1-polarized TAM exerts
pro-inflammatory and anticancer effects, whereas M2-
polarized macrophages boost carcinogenesis and tumor
growth through mediating tumor-promoting
suppressive actions in colon cancer (Miihlberg et al., 2016).
M2 macrophages predominated in tumor-infiltrating
macrophages but M1 macrophages predominated in the
non-cancerous inflammatory zone around cancer cell
infiltrates (Ino et al., 2013). As a consequence, in this study,
we can observe the paradoxical but practical results in Figure 7
and Supplementary Table S1, where INSC as a favorable
prognostic marker of COAD has a negative connection with
M1 macrophages.

However, there were some limitations to this work, such as the
small number of normal samples from the TCGA database and
the lack of animal models to test the results. These results will very
certainly need to be confirmed in future research. Therefore, cell
and animal models will be conducted to further confirm our
conclusions through experiments.

immune-

5 CONCLUSION

Our findings revealed the correlation of INSC expression
levels with the prognosis and clinicopathological features
of COAD and the association between INSC expression
levels and TIIC infiltration. Thus, our findings imply that

REFERENCES

Barrett, T., Wilhite, S. E., Ledoux, P., Evangelista, C., Kim, I. F., Tomashevsky, M., et al.
(2013). NCBI GEO: Archive for Functional Genomics Data Sets-Update. Nucleic
Acids Res. 41, D991-D995. doi:10.1093/nar/gks1193

INSC Prognostic Value in COAD

INSC expression may have predictive relevance in COAD
patients and that it might be a novel target for COAD
immunotherapy.

DATA AVAILABILITY STATEMENT

Publicly available datasets were analyzed in this study. This data
can be found here: https://www.cancer.gov/about-nci/
organization/ccg/ research/structural-genomics/tcga and the
datasets of GEO can be found at: https://www.ncbi.nlm.nih.
gov/geo/. The datasets in the current study are also available
from the corresponding authors upon reasonable request in
compliance with ethical standards.

ETHICS STATEMENT

The studies were reviewed and approved by the Ethics Committee
of Renmin Hospital of Wuhan University.

AUTHOR CONTRIBUTIONS

TY, DL, and ZZ conceived and designed the project, WS, HMZ,
and JW acquired the data, HZ and TY analyzed and interpreted
the data, and DL and TY wrote the paper, HZ and DL revised the

paper.

FUNDING

This work was supported by the project of the National Science
Foundation of China (Grant Nos. 81704023, 81803789, and
8160253) and Wu Jieping Medical Foundation (Grant No.
320.6750).

ACKNOWLEDGMENTS

Thanks to Professor Lijuan Gu and Xiaoxing Xiong for their
valuable suggestions on the revision of the manuscript.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at:
https://www.frontiersin.org/articles/10.3389/fgene.2022.821826/
full#supplementary-material

Bowman, S. K., Rolland, V., Betschinger, J., Kinsey, K. A., Emery, G., and Knoblich,
J. A. (2008). The Tumor Suppressors Brat and Numb Regulate Transit-
Amplifying Neuroblast Lineages in Drosophila. Dev. Cell 14, 535-546.
doi:10.1016/j.devcel.2008.03.004

Bray, F., Ferlay, J., Soerjomataram, I, Siegel, R. L., Torre, L. A., and Jemal, A.
(2018). Global Cancer Statistics 2018: GLOBOCAN Estimates of Incidence and

Frontiers in Genetics | www.frontiersin.org

May 2022 | Volume 13 | Article 821826


https://www.cancer.gov/about-nci/organization/ccg/%20research/structural-genomics/tcga
https://www.cancer.gov/about-nci/organization/ccg/%20research/structural-genomics/tcga
https://www.ncbi.nlm.nih.gov/geo/
https://www.ncbi.nlm.nih.gov/geo/
https://www.frontiersin.org/articles/10.3389/fgene.2022.821826/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fgene.2022.821826/full#supplementary-material
https://doi.org/10.1093/nar/gks1193
https://doi.org/10.1016/j.devcel.2008.03.004
https://www.frontiersin.org/journals/genetics
www.frontiersin.org
https://www.frontiersin.org/journals/genetics#articles

Yu et al.

Mortality Worldwide for 36 Cancers in 185 Countries. CA: A Cancer
J. Clinicians 68, 394-424. doi:10.3322/caac.21492

Buisseret, L., Pommey, S., Allard, B., Garaud, S., Bergeron, M., Cousineau, I, et al.
(2018). Clinical Significance of CD73 in Triple-Negative Breast Cancer:
Multiplex Analysis of a Phase III Clinical Trial. Ann. Oncol. 29, 1056-1062.
doi:10.1093/annonc/mdx730

Culurgioni, S., Mari, S., Bonetti, P., Gallini, S., Bonetto, G., Brennich, M., et al.
(2018). Insc:LGN Tetramers Promote Asymmetric Divisions of Mammary
Stem Cells. Nat. Commun. 9, 1025. doi:10.1038/s41467-018-03343-4

Ferlay, J., Soerjomataram, I, Dikshit, R., Eser, S., Mathers, C., Rebelo, M., et al.
(2015). Cancer Incidence and Mortality Worldwide: Sources, Methods and
Major Patterns in GLOBOCAN 2012. Int. ]. Cancer 136, E359-E386. doi:10.
1002/ijc.29210

GTEx Consortium (2020). The GTEx Consortium Atlas of Genetic Regulatory
Effects across Human Tissues. Science 369, 1318-1330. doi:10.1126/science.
aazl776

Han, J., Pang, X, Zhang, Y., Peng, Z., Shi, X,, and Xing, Y. (2020). Hirudin Protects
against Kidney Damage in Streptozotocin-Induced Diabetic Nephropathy Rats
by Inhibiting Inflammation via P38 MAPK/NF-«kB Pathway. Drug Des. Devel
Ther. 14, 3223-3234. doi:10.2147/dddt.S257613

Hu, X,, Zhu, H., Zhang, X., He, X,, and Xu, X. (2021). Comprehensive Analysis of
pan-cancer Reveals Potential of ASF1B as a Prognostic and Immunological
Biomarker. Cancer Med. 10, 6897-6916. doi:10.1002/cam4.4203

Ino, Y., Yamazaki-Itoh, R., Shimada, K., Iwasaki, M., Kosuge, T., Kanai, Y., et al. (2013).
Immune Cell Infiltration as an Indicator of the Immune Microenvironment of
Pancreatic Cancer. Br. J. Cancer 108, 914-923. doi:10.1038/bjc.2013.32

Li, D, Yu, T,, Han, J., Xu, X,, Wu, J., Song, W., et al. (2021). Prognostic Value and
Immunological Role of KIFC1 in Hepatocellular Carcinoma. Front. Mol. Biosci.
8, 799651. doi:10.3389/fmolb.2021.799651

Li, D., Yu, T,, Hu, J., Wu, J., Feng, S., Xu, Q., et al. (2021). Downregulation of
CYP39A1 Serves as a Novel Biomarker in Hepatocellular Carcinoma with
Worse Clinical Outcome. Oxidative Med. Cell Longevity 2021, 1-18. doi:10.
1155/2021/5175581

Mcguire, S. (2016). World Cancer Report 2014. Geneva, Switzerland: World Health
Organization, International Agency for Research on Cancer, WHO Press, 2015.
Adv. Nutr. 7, 418-419. doi:10.3945/an.116.012211

Miihlberg, L., Kithnemuth, B., Costello, E., Shaw, V., Sipos, B., Huber, M., et al.
(2016). miRNA Dynamics in Tumor-Infiltrating Myeloid Cells Modulating
Tumor Progression in Pancreatic Cancer. Oncoimmunology 5, e1160181.
doi:10.1080/2162402x.2016.1160181

Poulson, N. D., and Lechler, T. (2010). Robust Control of Mitotic Spindle
Orientation in the Developing Epidermis. J. Cell Biol 191, 915-922. doi:10.
1083/jcb.201008001

Pievorovsky, M., Oravcova, M., Zach, R,, Jordakovd, A., Bahler, J., Ptta, F., et al.
(2016). CSL Protein Regulates Transcription of Genes Required to Prevent
Catastrophic Mitosis in Fission Yeast. Cell Cycle 15, 3082-3093. doi:10.1080/
15384101.2016.1235100

Sanoff, H. K., Bleiberg, H., and Goldberg, R. M. (2007). Managing Older Patients with
Colorectal Cancer. J. Clin. Oncol. 25, 1891-1897. doi:10.1200/jc0.2006.10.1220

Schober, M., Schaefer, M., and Knoblich, J. A. (1999). Bazooka Recruits Inscuteable
to orient Asymmetric Cell Divisions in Drosophila Neuroblasts. Nature 402,
548-551. do0i:10.1038/990135

Suliman, M. A, Zhang, Z., Na, H,, Ribeiro, A. L. L., Zhang, Y., Niang, B., et al.
(2016). Niclosamide Inhibits colon Cancer Progression through
Downregulation of the Notch Pathway and Upregulation of the Tumor
Suppressor miR-200 Family. Int. J. Mol. Med. 38, 776-784. doi:10.3892/
ijmm.2016.2689

Tay, C., Kanellakis, P., Hosseini, H., Cao, A., Toh, B.-H., Bobik, A., et al. (2019).
B Cell and CD4 T Cell Interactions Promote Development of Atherosclerosis.
Front. Immunol. 10, 3046. doi:10.3389/fimmu.2019.03046

INSC Prognostic Value in COAD

Uhlén, M., Fagerberg, L., Hallstrém, B. M., Lindskog, C., Oksvold, P., Mardinoglu,
A, et al. (2015). Tissue-based Map of the Human Proteome. Science 347,
1260419. doi:10.1126/science.1260419

Vasaikar, S. V., Straub, P., Wang, J., and Zhang, B. (2018). LinkedOmics: Analyzing
Multi-Omics Data within and across 32 Cancer Types. Nucleic Acids Res. 46,
D956-d963. doi:10.1093/nar/gkx1090

Wang, H., Cai, Y., Chia, W,, and Yang, X. (2006). Drosophila Homologs of
Mammalian TNF/TNFR-related Molecules Regulate Segregation of Miranda/
Prospero in Neuroblasts. Embo j 25, 5783-5793. doi:10.1038/sj.emboj.
7601461

Wang, K., Xu, C., Smith, A., Xiao, D., Navia, R. O., Lu, Y., et al. (2021). Genome-
wide Association Study Identified INSC Gene Associated with Trail Making
Test Part A and Alzheimer’s Disease Related Cognitive Phenotypes. Prog.
Neuro-Psychopharmacology Biol. Psychiatry 111, 110393. doi:10.1016/j.pnpbp.
2021.110393

Wongthida, P., Schuelke, M. R,, Driscoll, C. B., Kottke, T., Thompson, J. M.,
Tonne, J., etal. (2020). Ad-CD40L Mobilizes CD4 T Cells for the Treatment
of Brainstem Tumors. Neuro Oncol. 22, 1757-1770. d0i:10.1093/neuonc/
noaal26

Wu, D, Ding, Y., Wang, T., Cui, P., Huang, L., Min, Z., et al. (2020). Significance of
Tumor-Infiltrating Immune Cells in the Prognosis of Colon Cancer. Ott 13,
4581-4589. doi:10.2147/0tt.S250416

Yang, S. Y. C, Lheureux, S., Karakasis, K., Burnier, J. V., Bruce, J. P., Clouthier, D.
L., et al. (2018). Landscape of Genomic Alterations in High-Grade Serous
Ovarian Cancer from Exceptional Long- and Short-Term Survivors. Genome
Med. 10, 81. doi:10.1186/513073-018-0590-x

Zhang, F., Sun, H., Zhang, S., Yang, X, Zhang, G., and Su, T. (2017).
Overexpression of PER3  Inhibits  Self-Renewal Capability and
Chemoresistance of Colorectal Cancer Stem-like Cells via Inhibition of
Notch and p-Catenin Signaling. Oncol. Res. 25, 709-719. doi:10.3727/
096504016x14772331883976

Zhu, H., Hu, X,, Feng, S., Jian, Z., Xu, X., Gu, L., et al. (2022). The Hypoxia-Related
Gene COL5ALI Is a Prognostic and Immunological Biomarker for Multiple
Human Tumors. Oxidative Med. Cell Longevity 2022, 1-42. doi:10.1155/2022/
6419695

Zhu, H., Hu, X, Gu, L,, Jian, Z,, Li, L., Hu, S., et al. (2021). TUBA1C Is a Prognostic
Marker in Low-Grade Glioma and Correlates with Immune Cell Infiltration in
the Tumor Microenvironment. Front. Genet. 12, 759953. doi:10.3389/fgene.
2021.759953

Zhu, H.,Hu, X,, Ye, Y., Jian, Z., Zhong, Y., Gu, L., et al. (2021). Pan-Cancer Analysis
of PIMREG as a Biomarker for the Prognostic and Immunological Role. Front.
Genet. 12, 687778. doi:10.3389/fgene.2021.687778

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors, and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Yu, Li, Zeng, Xu, Zhang, Wu, Song and Zhu. This is an open-
access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply
with these terms.

Frontiers in Genetics | www.frontiersin.org

May 2022 | Volume 13 | Article 821826


https://doi.org/10.3322/caac.21492
https://doi.org/10.1093/annonc/mdx730
https://doi.org/10.1038/s41467-018-03343-4
https://doi.org/10.1002/ijc.29210
https://doi.org/10.1002/ijc.29210
https://doi.org/10.1126/science.aaz1776
https://doi.org/10.1126/science.aaz1776
https://doi.org/10.2147/dddt.S257613
https://doi.org/10.1002/cam4.4203
https://doi.org/10.1038/bjc.2013.32
https://doi.org/10.3389/fmolb.2021.799651
https://doi.org/10.1155/2021/5175581
https://doi.org/10.1155/2021/5175581
https://doi.org/10.3945/an.116.012211
https://doi.org/10.1080/2162402x.2016.1160181
https://doi.org/10.1083/jcb.201008001
https://doi.org/10.1083/jcb.201008001
https://doi.org/10.1080/15384101.2016.1235100
https://doi.org/10.1080/15384101.2016.1235100
https://doi.org/10.1200/jco.2006.10.1220
https://doi.org/10.1038/990135
https://doi.org/10.3892/ijmm.2016.2689
https://doi.org/10.3892/ijmm.2016.2689
https://doi.org/10.3389/fimmu.2019.03046
https://doi.org/10.1126/science.1260419
https://doi.org/10.1093/nar/gkx1090
https://doi.org/10.1038/sj.emboj.7601461
https://doi.org/10.1038/sj.emboj.7601461
https://doi.org/10.1016/j.pnpbp.2021.110393
https://doi.org/10.1016/j.pnpbp.2021.110393
https://doi.org/10.1093/neuonc/noaa126
https://doi.org/10.1093/neuonc/noaa126
https://doi.org/10.2147/ott.S250416
https://doi.org/10.1186/s13073-018-0590-x
https://doi.org/10.3727/096504016x14772331883976
https://doi.org/10.3727/096504016x14772331883976
https://doi.org/10.1155/2022/6419695
https://doi.org/10.1155/2022/6419695
https://doi.org/10.3389/fgene.2021.759953
https://doi.org/10.3389/fgene.2021.759953
https://doi.org/10.3389/fgene.2021.687778
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/genetics
www.frontiersin.org
https://www.frontiersin.org/journals/genetics#articles

	INSC Is Down-Regulated in Colon Cancer and Correlated to Immune Infiltration
	1 Introduction
	2 Methods
	2.1 RNA-Sequencing Data and Bioinformatic Analysis
	2.2 Protein Expression Analysis
	2.3 Prognosis Analysis of Inscuteable Spindle Orientation Adaptor Protein Expression in Colonic Adenocarcinoma
	2.4 Functional Analysis of Inscuteable Spindle Orientation Adaptor Protein in Colonic Adenocarcinoma
	2.5 Association Between Immune Cell Infiltration and Inscuteable Spindle Orientation Adaptor Protein in Colonic Adenocarcinoma
	2.6 Statistical Analysis

	3 Results
	3.1 Association Between the Expression of Inscuteable Spindle Orientation Adaptor Protein and Clinicopathological Features  ...
	3.2 Expression of Inscuteable Spindle Orientation Adaptor Protein mRNA in Colonic Adenocarcinoma
	3.3 Protein Expression of Inscuteable Spindle Orientation Adaptor Protein in Colon Normal and Cancer Tissues
	3.4 Prognostic Potential of Inscuteable Spindle Orientation Adaptor Protein in Colonic Adenocarcinoma
	3.5 Protein–Protein Interaction Networks and Enrichment Analyses of Inscuteable Spindle Orientation Adaptor Protein-Related ...
	3.6 Association Between Inscuteable Spindle Orientation Adaptor Protein Expression and Immune Cell Infiltration in Colonic  ...
	3.7 Correlation of Inscuteable Spindle Orientation Adaptor Protein Expression With Immune Marker Sets

	4 Discussion
	5 Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References


