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Noncoding RNAs-based high KIF26B expression correlates with poor prognosis
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ABSTRACT

Background: The protein kinesin family member 26B (KIF26B) is aberrantly expressed in various
cancers. However, its particular role and association with tumor immune infiltration in colon
adenocarcinoma (COAD) remain unclear.

Methods: All original data were downloaded directly from The Cancer Genome Atlas (TCGA),
UCSC Xena, and Gene Expression Omnibus (GEO) databases and processed with R 3.6.3. KIF26B
expression was analyzed using Oncomine, TIMER, TCGA, GEO databases, and our clinical speci-
mens. KIF26B expression at the protein level was explored with Human Protein Atlas (HPA)
database. The upstream miRNAs and IncRNAs were predicted by StarBase and validated using RT-
gPCR. Correlation of KIF26B expression with the expression of immune-related or immune
checkpoint genes and GSEA analysis of KIF26B-related genes were investigated via R software.
Relationship of KIF26B expression with immune biomarkers or tumor immune infiltration levels
was studied through GEPIA2 and TIMER databases.

Results: KIF26B was upregulated, and its overexpression was closely related to overall survival
(OS), disease-specific survival (DSS), progression-free interval (PFl), T stage, N stage, and CEA levels
in COAD. MIR4435-2HG/hsa-miR—500a—3p/KIF26B axis was identified as the promising regulatory
pathway of KIF26B. KIF26B expression was positively correlated with immune-related genes,
tumor immune infiltration, and biomarker genes of immune cells in COAD, and KIF26B-related
genes were significantly enriched in macrophage activation-related pathways. Expression of
immune checkpoint genes, including PDCD1, CD274, and CTLA4, was also closely related to
KIF26B expression.

Conclusions: Our results clarified that ncRNA-based increased KIF26B expression was associated
with a worse prognosis and high tumor immune infiltration in COAD.
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1. Introduction . .
patients are diagnosed at an advanced stage because

Colorectal cancer (CRC), including colon adeno-
carcinoma and rectum adenocarcinoma, is a highly
heterogeneous disease and one of the deadliest pri-
mary malignant neoplasms. According to new glo-
bal statistics, CRC is still the third most common
tumor and the second leading cause of tumor-
associated mortality [1]. With improvements in
medical technology for early detection, the overall
incidence of CRC has shown a continuous decline
since the 2000s. In contrast, the incidence rate
increased obviously among individuals younger
than 50 years of age [2]. In addition, most CRC

it is largely an asymptomatic disease [3]. Thus, it is
urgent and essential to identify molecular biomar-
kers for early diagnosis and improve treatment
effects.

The Kinesin superfamily proteins (KIFs),
expressed in all eukaryotes, are a series of proteins
that have a highly conserved motor domain. To
date, 45 kinesin proteins have been identified and
are divided into 14 different families [4]. It has
previously been observed that KIFs can transport
intracellular components such as organelles, pro-
tein complexes, and mRNAs to specific destinations

CONTACT Xiaodong Yang @ yangxiaodong2366@suda.edu.cn; wjyxd@163.com @ Department of General Surgery, The Second Affiliated Hospital of
Soochow University, Suzhou, Jiangsu Province 215004, China; Juan Li @ lijuan2369@suda.edu.cn; suzhouzhengheng@126.com @ Department of
Gastroenterology, The Second Affiliated Hospital of Soochow University, Suzhou, Jiangsu Province 215004, China

*These authors have contributed equally to this work.

@ Supplemental data for this article can be accessed online at https://doi.org/10.1080/15384101.2023.2222520

© 2023 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group.

This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivatives License (http://creativecommons.org/licenses/by-nc-
nd/4.0/), which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited, and is not altered, transformed, or built
upon in any way. The terms on which this article has been published allow the posting of the Accepted Manuscript in a repository by the author(s) or with their consent.


http://orcid.org/0000-0002-8532-7170
http://orcid.org/0000-0001-7685-5011
https://doi.org/10.1080/15384101.2023.2222520
http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/15384101.2023.2222520&domain=pdf&date_stamp=2023-08-07

in a microtubule- and ATP-dependent manner [5-
7]. In addition to participating in intracellular
transport, KIFs can also regulate the movements
of chromosomes and spindles during mitosis and
meiosis [8-10]. In recent years, many studies have
indicated that KIFs play a vital role in the initiation
and progression of many human malignancies [11-
13]. Therefore, further exploration of the biological
functions of kinesin proteins may promote the
identification of indicators for early detection, diag-
nosis, prognostic assessment, and even molecular-
targeting treatment for tumors.

The KIF26B gene, located on chromosome 1q44,
belongs to the KIF family and consists of 2108
amino acids [14]. It has been reported that
KIF26B can regulate adhesion and polarization
between mesenchymal cells and ureteric buds, and
its posttranslational modification and degradation
play a critical role in the developing kidney [15,16].
Recent research has demonstrated that KIF26B is
associated with the tumorigenesis, progression, and
metastasis of many solid tumors, including breast
cancer [17-19], liver cancer [20], and gastric cancer
[21]. Reports have indicated that KIF26B is an
independent prognostic biomarker and perhaps
a potential therapeutic indicator for CRC patients
[22]. However, the biological function and molecu-
lar regulatory mechanism of KIF26B in COAD have
not been fully explored. Moreover, the relationship
between KIF26B and tumor immune infiltration in
COAD remains to be elucidated.

In our research, we first analyzed KIF26B
expression in different tumor types. To evaluate
the prognostic and clinical value of KIF26B in
COAD, we explored the association of KIF26B
expression with clinicopathological parameters.
Next, the regulatory network of KIF26B in
COAD was established, including IncRNAs and
miRNAs. Moreover, relevance analysis was car-
ried out between immune-related genes and
KIF26B in multiple human cancers. Finally, we
investigated the association of KIF26B expression
with tumor immune cell infiltration levels,
immune cell biomarkers, and immune check-
points in COAD. In summary, our study indi-
cates that ncRNA-induced overexpression of
KIF26B is closely associated with adverse prog-
nosis and high tumor immune infiltration in
COAD.

CELL CYCLE (&) 1727

2. Materials and methods
2.1 Raw data download, process, and analysis

Fragments per kilobase million (FPKM) gene-
level data (containing 480 COAD specimens and
41 normal tissue specimens) were downloaded
from the TCGA database (https://portal.gdc.can
cer.gov/). Then, we converted these values to
transcripts per million (TPM) using R (version
3.6.3) [23]. Pan-cancer normalized gene expres-
sion data were downloaded from the UCSC Xena
platform (https://xena.ucsc.edu/). We also down-
loaded external gene expression profiles from the
GEO database(https://www.ncbi.nlm.nih.gov/
geo/): GSE9348 (containing 70 COAD specimens
and 12 normal specimens), GSE35279 (contain-
ing 74 COAD specimens and 5 normal tissue
specimens), GSE21815 (containing 132 COAD
specimens and 9 normal tissue specimens),
GSE41328 (containing 10 COAD specimens and
10 matched normal tissue specimens),
GSE110224 (containing 17 COAD specimens
and 17 matched normal tissue specimens) and
GSE41657 (containing 12 normal mucosae, 21
low-grade adenomas, 30 high-grade adenomas,
and 25 adenocarcinomas). These datasets were
used to further validate our results. Meanwhile,
KIF26B expression at the protein level was con-
firmed in COAD via the HPA database (https://
www.proteinatlas.org/), which was an open and
free platform that provides scientists with valu-
able information about the expression and loca-
lization of proteins in human tissues, cells, and
organs [24,25].

2.2 Oncomine

Oncomine database, a gene chip-based database, is
available at https://www. oncomine.org/resource/
login.html [26]. KIF26B transcription levels in dif-
ferent tumor types were determined by Oncomine.
We chose 0.05 and 1.5 as thresholds for p-value
and fold change, respectively.

2.3 TIMER

TIMER (http://timer.cistrome.org/) is a comprehen
sive tool that provides free systematic analysis of
tumor-infiltrating immune cells. It provides a more
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robust estimation of immune infiltration levels for
TCGA and visualization functions of tumor-
infiltrating immune cells. In our study, TIMER was
used to explore KIF26B expression in normal speci-
mens and tumor specimens in various human malig-
nancies and analyze the correlation of KIF26B
expression or somatic copy number alterations
(sCNAs) with immune cell infiltration levels. Genes
with sCNAs are hallmarks of tumorigenesis and pro-
gression and could influence immunotherapy
response [27,28]. We compared immune infiltration
distribution by the SCNA status of KIF26B in COAD.

2.4 GEPIA2

GEPIA2 (http://gepia2.cancer-pku.cn/#index) is an
online database for profiling and interactive analysis
of normal and cancer gene expression [29]. We used
GEPIA2 to look at the relationship between KIF26B
transcription levels and OS. Simultaneously,
GEPIA2 was used to explore the association
between KIF26B expression and immune cell bio-
markers. In addition, |r| >0.1 and p-value <0.05 were
regarded as significantly correlated.

2.5 Candidate miRNA prediction

The possible upstream miRNAs binding to
KIF26B were forecasted through miRNA target
prediction tools, including PITA [30], microT
[31], miRanda [32], miRmap [33], PicTar [34],
RNA22 [35], and TargetScan [36]. The target
miRNAs should be predicted by mRNA from at
least two different prediction programs as men-
tioned above. These selected miRNAs were con-
sidered promising upstream miRNAs of KIF26B.
R<—-0.2 and p <0.05 were used as the criteria for
screening ideal miRNA.

2.6 StarBase

StarBase (https://starbase.sysu.edu.cn/) is an inter-
active platform for searching the ncRNA-mRNA
interaction map database [37]. We performed cor-
relation analysis on the expression of miRNA-
KIF26B, IncRNA-hsa-miR—-500a—-3p, and IncRNA-
KIF26B in COAD. Differential gene expression
analysis of hsa-miR-500a—-3p and MIR4435-2HG
in COAD specimens and normal tissue specimens

was also investigated through StarBase. In addi-
tion, potential IncRNAs that might bind to hsa-
miR-500a—3p were predicted using the StarBase
database. R<—0.1 and p <0.05 were used as the
criteria for screening ideal IncRNA.

2.7 KIF26B-related gene GSEA analysis

KIF26B-related gene GSEA analysis was conducted
for investigating the correlation between KIF26B
and macrophage polarization-related pathways.
We extracted the expression of KIF26B in COAD
from the TCGA database and then correlated it
with the expression of the remaining other genes
separately. Correlation analysis was carried out
using Pearson correlation analysis. Based on the
results of the correlation analysis, genes were
sorted by correlation coefficient and their correla-
tion coefficients were used to perform GSEA
enrichment analysis. Clusterprofiler and ggplot2
packages were used for GSEA enrichment analysis
and visualization [38,39]. Hallmark gene sets were
selected as the reference gene set.

2.8 Cell culture and cell transfection

Human-derived colon cancer cell lines (HT29 and
HCT116) were cultured in DMEM or Mocoy’s 5A
supplemented with 10% FBS and 1% penicillin/
streptomycin, and incubated at 37°C humidified
atmosphere with 5% CO2. The HT29 and HCT116
cell lines were cultured in a 6-well plate to 70-80%
confluence. Cell transfection was performed using
Lipofectamine 2000 (Invitrogen, USA) based on the
instructions. RNA was extracted from the cells 24
hours after transfection. Hsa-miR—500a—3p mimics
and its corresponding primer were purchased from
RIBOBIO (Guangzhou, China).

2.9 Human tissue samples

Between June 2020 and December 2021, 12 paired
tumors and their companion normal tissue speci-
mens from patients with COAD were collected at
the Gastrointestinal Surgery Department of the
Second  Affiliated Hospital of  Soochow
University. All tissue specimens were quick-
frozen after surgical resection and stored at-—
80°C until RNA extraction.
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2.10 Immunohistochemical staining

Tissue microarrays (TMA) of colorectal cancer tissue
and normal tissue were used for immunohistochem-
istry (IHC) staining. Tissue sections were placed in the
oven for 1 h and then dewaxed and hydrated. Antigen
retrieval was achieved by microwave using sodium
citrate antigen-retrieval solution (#C1032, Solarbio,
Beijing, China). After natural cooling, endogenous
peroxidase activity was blocked with endogenous per-
oxidase blocking solution for 10 min. Tissue sections
were washed three times with PBS, and serum block-
ing was performed with a 5% normal goat serum
solution for 1h at RT. Then, tissue sections were
incubated overnight with primary antibody for
KIF26B (1:1000 dilution, #17422, Proteintech,
Chicago, IL, USA), CD163 (1:1000 dilution, #16646,
Proteintech, Chicago, IL, USA) and CCL2 (1:1000
dilution, #25542, Proteintech, Chicago, IL, USA) at
4°C separately. After washing with PBST, each section
was incubated with Biotinylated Goat anti-Mouse &
Rabbit IgG (H+L) (#SP9000, ZSGB-BIO, China) for 1
h at room temperature. Tissue sections were washed
with PBST, and each section was incubated with
streptavidin-conjugated  horseradish ~ peroxidase
(HRP) solution for 10 min. DAB solution (#ZLI
-9017, ZSGB-BIO, China) was used for the DAB
chromogenic reaction. Cell nuclei were stained with
hematoxylin for 3 min (#G1080, Solarbio, Beijing,
China). After dehydration and sealing piece with neu-
tral gum, sections were detected and photographed by
microscope. According to the result, patients were
divided into high and low-expression groups.
Finally, we statistically analyze the respective frequen-
cies and calculate the correlation between KIF26B and
CD163 or CCL2.

2.11 qRT-PCR

RNAiso Plus (TaKaRa, Tokyo, Japan) was used to
extract total RNA from the clinical tissue speci-
mens. PrimeScript™ RT reagent Kit was used to
perform synthesization of First-strand cDNA
(TaKaRa, Tokyo, Japan). Quantitative RT-PCR
(qQRT-PCR) was conducted by FastStart Universal
SYBR Green Master (Rox) (Roche, Mannheim,
Germany) on a CFX96™ Real-Time PCR machine
(BIO-RAD). Genes and matched primer sequences
were listed in Table S1.
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2.12 Statistical analysis

KIF26B expression in COAD specimens was evalu-
ated by boxplots and line graphs. The correlation of
KIF26B expression with clinical parameters was
evaluated by Wilcoxon rank-sum test. The best cut-
off value of gene expression was used to perform
survival analysis. Log-rank test was used to analyze
the significant difference in the survival curve.
Pearson coefficient was utilized to evaluate the rela-
tionship of KIF26B expression with immune check-
points expression. The regulatory network was
established via Cytoscape (version 3.8.2). Limma
and survival packages were used to process raw
data. Survminer and ggplot2 packages were used to
perform visualization. In all analyses, *, **, and ***
indicated p<0.05, p<0.01 and p<0.001,
respectively.

3. Results
3.1 KIF26B expression in pan-cancer

We first assessed KIF26B transcript levels across
cancers through Oncomine. These results revealed
that compared with that in respective normal spe-
cimens, KIF26B expression was upregulated in
tumor specimens, including bladder, breast, color-
ectal, gastric, kidney, and lung cancers, lymphoma,
and sarcoma. Meanwhile, downregulated expres-
sion of KIF26B was only discovered in one kidney
malignancy dataset (Figure 1a).

To further assess KIF26B transcript levels in var-
ious types of cancer, we investigated RNA sequen-
cing data from TCGA wusing TIMER. As
demonstrated in Figure 1b, compared with normal
controls, KIF26B was increased in 17 tumor types,
including BRCA, BLCA, COAD, CHOL, ESCA,
HNSC, HNSC-HPV positive, LIHC, LUSC, LUAD,
READ, STAD, and UCEC, and was markedly
decreased in 4 tumor types, including KICH, KIRC,
PPAD, and THCA. Next, we investigated KIF26B
expression in COAD samples and compared them
with corresponding normal controls. Results indi-
cated that KIF26B expression was increased in
unpaired samples (Figure 1c) and paired samples
(Figure 1d). To further explore the role of KIF26B
in the progression of colon cancer, we analyzed
KIF26B expression in normal mucosae, low-grade
adenomas, high-grade adenomas, and
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Figure 1. Aberrant expression of KIF26B in different tumors. (a) Increased or decreased KIF26B expression in datasets of
various cancers compared with normal tissues in Oncomine (threshold: fold change 1.5, p-value 0.05). (b) KIF26B expression
in diverse tumor and normal tissues were detected using TIMER. (c-d) KIF26B expression in colon tumors and unpaired
normal tissues or paired normal tissues of TCGA datasets. (e) KIF26B expression between normal mucosae, low-grade
adenomas, high-grade adenomas, and adenocarcinomas in GSE41657. (f-h) Expression of KIF26B in tumor and unpaired
normal tissues of GSE9348, GSE35279, and GSE21815 datasets. (i-j) KIF26B expression in tumor and paired adjacent tissues in
GSE41328 and GSE110224 datasets. (k) Validate the increased expression of KIF26B in COAD. (I) Validate KIF26B expression at
the protein level in COAD by HPA.



adenocarcinomas using GSE41657, and its expres-
sion was found to increase progressively with tumor
progression (Figure 1e). To confirm KIF26B expres-
sion in COAD, we chose another five independent
GEO datasets that served as validation sets, including
three unpaired datasets (GSE9348, GSE35279, and
GSE21815) and two paired datasets (GSE41328 and
GSE110224). These results also suggested higher
KIF26B transcript levels in tumor tissues than in
normal epithelial tissues (Figure 1f-j). Moreover,
we validated this outcome using 12 pairs of clinical
samples (p <0.01) (Figure 1k). Furthermore, the
KIF26B protein expression level was examined in
COAD based on the HPA database. These results
also suggested that KIF26B expression was upregu-
lated in tumor specimens compared with normal
controls (Figure 11).

3.2 The prognostic values of KIF26B in COAD

To assess prognostic and clinical values for
COAD, we investigated KIF26B expression
among groups of patients in accordance with
different clinical parameters. Our results showed
that upregulated KIF26B expression was closely
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related to T stage (p=0.018), N stage (p=
0.038), and CEA level (p=0.04). In contrast,
there was no significant difference between
KIF26B expression and M stage (p=0.081)
(Figure 2a-d). We performed survival analysis
to further access the prognostic value of
KIF26B expression. The results indicated that
increased KIF26B expression was closely corre-
lated with OS (p=0.032), DSS (p=0.006), and
PFI (p=0.001) (Figure 2e-g). Then, we also vali-
dated the prognostic value of KIF26B in COAD
by GEPIA2 (p=0.017).

3.3 Prediction analysis of the upstream miRNAs
of KIF26B

To explore the regulatory network of KIF26B,
upstream miRNAs were predicted by StarBase,
and we found 31 miRNAs that could potentially
bind to KIF26B. We established a miRNA-KIF26B
regulatory network for better presentation through
Cytoscape (Figure 3a). Candidate miRNAs that
negatively correlated with KIF26B expression
were filtered for subsequent analysis. Then, we
performed a correlation analysis between the
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Figure 2. The prognostic value of KIF26B in COAD. (a-d) Difference analysis between KIF26B expression and clinicopathological
factors, including T stage (p =0.018), N stage (p =0.038), M stage (p =0.081), and CEA levels (p = 0.04). (e-g) Kaplan—-Meier survival
curves for OS, DSS, and PFI of KIF26B in COAD via R software. (h) Kaplan-Meier survival curves for OS by GEPIA2.
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expression of predicted miRNAs and KIF26B. As
listed in Table 1, we finally found six miRNAs that
met our requirements (r < —0.2, p < 0.05), of which
only hsa-miR-500a—3p and hsa-miR-93-5p were
decreased in COAD. Nevertheless, no significant
difference was found in hsa-miR-93-5p expression
between normal and tumor tissues. Finally, analy-
sis of differential gene expression and survival

analysis were carried out for hsa-miR-500a—3p
in COAD. As described in Figure 3b,c, hsa-
miR-500a-3p was profoundly downregulated
both in unpaired (p <0.001) and paired (p <0.01)
tissue samples from TCGA database, and we ver-
ified this finding using StarBase (p < 0.001) (Figure
3d). Correlation analysis between KIF26B expres-
sion and hsa-miR-500a—3p was also validated by
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Figure 3. Identification of hsa-miR —500a —3p as a potential upstream miRNA of KIF26B in COAD. (a) The miRNA-KIF26B regulatory
network was conducted using Cytoscape. (b-c) The expression of hsa-miR —500a —3p in colon tumor tissues and unpaired normal
tissues or paired normal tissues. (d) Validation of the differently expressed of hsa-miR —500a —3p by StarBase. (e) Correlation analysis
between hsa-miR —500a —3p and KIF26B expression by StarBase. (f) Evaluate the prognostic value of hsa-miR —500a —3p. (g) Base
pairing between hsa-miR —500a —3p and the target site in the KIF26B 3" UTR predicted by StarBase. (h) Validation of mimics
transfection efficiency in HT29 and HCT116 cell lines by agarose gel electrophoresis experiments. (i) Suppression of target gene
KIF26B by hsa-miR —500a —3p mimics by RT-qPCR.
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Table 1. The correlation analysis between KIF26B expression and potential miRNAs in COAD by

R software (correlation threshold: r<-0.2, p < 0.05).

Gene miRNA r value p value logFC diffPval
KIF26B hsa-miR—106b—5p -0.366 1.17E-15 4.58 1.23E-06
KIF26B hsa-miR—17-5p -0.315 1.04E-11 3.34 1.89E-06
KIF26B hsa-miR—106a—5p -0.273 4.34E-09 2.55 3.37E-05
KIF26B hsa-miR—500a—3p —0.247 1.22E-07 -1.19 3.18E-04
KIF26B hsa-miR—20a—5p -0.227 1.24E-06 4.57 1.25E-06
KIF26B hsa-miR—93-5p -0.220 2.65E-06 -0.18 4.58E-01
this database (r=-0.253, p =5.20e—08) and our results showed that both DLGAP1-AS5

(Figure 3e). Similarly, negative relationship of hsa-
miR-500a—-3p expression with patient prognosis
(p=0.004) was found in COAD (Figure 3f). To
clarify the regulatory role of miRNAs on KIF26B,
the target sites in KIF26B 3° UTRs were predicted
to pair with hsa-miR-500a-3p by Starbase
(Figure 3g). Then, we verified the inhibitory effect
of hsa-miR-500a-3p on KIF26B by transfection
experiment. Hsa-miR—-500a-3p was significantly
overexpressed in both HT29 and HCT116 cell
lines after transfection (Figure 3h). As predicted,
KIF26B expression was significantly down-
regulated after transfection (Figure 3i).

3.4 Prediction analysis of the upstream LncRNAs
of hsa-miR-500a-3p

We further forecasted IncRNAs as potential hsa-
miR-500a—-3p precursors by StarBase and found
27 possible IncRNAs. Similarly, for better pre-
sentation, a IncRNA-hsa-miR-500a—3p regula-
tory network was constructed (Supplemental
Figure 1a). In accordance with the competing
endogenous RNAs  hypothesis, candidate
IncRNAs can upregulate target mRNAs expres-
sion by sponging to competitively bind to shared
miRNAs. Therefore, ideal IncRNAs should be
correlated with miRNAs negatively or positively
related to mRNAs, and only two IncRNAs satis-
tied this screening criterion (r<-0.1, p<0.05)
(Table 2). Then, we conducted difference analy-
sis and survival analysis for candidate IncRNAs,

(Supplemental Figure 1b,c) and MIR4435 - 2HG
(Figure 4a,b) were upregulated in unpaired and
paired samples from TCGA database (p <0.01).
Survival analysis results showed that increased
MIR4435 -2HG  transcript level predicted
a worse prognosis (p =0.004) (Figure 4c), while
there was no significant difference between
DLGAPI1-AS5 expression and survival time (p
=0.471) (Supplemental Figure 1d). Furthermore,
we verified upregulated expression of MIR4435-
2HG in COAD via StarBase (p<0.05) (Figure
4d). Finally, we confirmed the correlation
between the transcript levels of MIR4435 -
2HG and hsa-miR-500a-3p (r=-0.137, p=
3.47e-03) (Figure 4e) or KIF26B (r=0.462, p =
2.93e-26) (Figure 4f) using StarBase. To clarify
the regulatory role of miRNAs on MIR4435-
2HG, the target sites in MIR4435-2HG 3° UTRs
were predicted to pair with hsa-miR-500a-3p
by StarBase (Figure 4g). Also, we found that
MIR4435-2HG expression was significantly
down-regulated after transfection (Figure 4h).
Finally, we summarized the role of miRNAs in
the  MIR4435-2HG/hsa-miR-500a—-3p/KIF26B
axis (Figure 4i).

3.5 Positive correlation of KIF26B and immune
cell infiltration in COAD

In tumor patients, immune cell tumor infiltration
levels can affect lymph node metastasis and sur-
vival. We first performed gene co-expression

Table 2. The relationship of upstream IncRNAs expression with hsa-miR —500a —3p or KIF26B expression in
COAD by R software (correlation threshold: r<—0.1, p < 0.05).

IncRNA miRNA r value p value logFC diffPval

DLGAP1-AS5 hsa-miR—500a—-3p -0.111 1.86E-02 0.37 8.93E-03
MIR4435-2HG hsa-miR—500a—-3p —0.182 1.05E-04 1.27 9.48E-23
DLGAP1-AS5 KIF26B 0.094 4.58E-02 0.37 8.93E-03
MIR4435-2HG KIF26B 0.475 <2.2E-16 1.27 9.48E-23
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MIR4435-2HG in COAD. (d) Validation of the MIR4435-2HG expression between tumor and normal tissues by StarBase. (e-f)
Correlation between the expression of MIR4435-2HG and hsa-miR —500a —3p or KIF26B using StarBase. (g) Base pairing between
hsa-miR —500a —3p and the target site in the MIR4435-2HG 3’ UTR predicted by StarBase. (h) Suppression of target gene MIR4435-
2HG by hsa-miR —500a —3p mimics by RT-qPCR. (i) Schematic model of the regulatory role of hsa-miR —500a —3p mimics.

analyses to examine the links of KIF26B expres-
sion with immune-associated genes in all types of
tumors. The selected gene set encoded chemokine
receptor (Figure 5a), chemokine (Figure 5b),
immunosuppressive (Figure 5c), and immune
activation protein (Figure 5d). The correlation

heatmap illustrated that KIF26B was co-
expressed with almost all immune-related genes,
and within all types of tumors, the majority were
positively correlated with KIF26B expression,
especially COAD (p<0.05). Furthermore, we
analyzed the relationship of KIF26B expression
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Figure 5. Correlation analysis between KIF26B expression and immune-related gene expression in various tumors. (a) chemokine
receptors. (b) chemokines. (c) immunosuppressive genes. (d) immune activation genes.

with the degree of tumor-infiltrating lymphocytes
by the TIMER database. As presented in
Figure 6a, significant copy number changes were
observed in B cells, CD8+ T cells, and dendritic
cells, while no noticeable changes were found in
CD4+ T cells, macrophages, or neutrophils. To
further investigate the biological function and
molecular mechanism of action of KIF26B, we
estimated the relevance of KIF26B expression to
immune cell infiltration levels. As described in
Figure 6b-g, KIF26B expression was positively
connected with most of the selected immune
cells, including CD8+ T cells (r=0.156, p = 1.57¢
-03), CD4+ T cells (r=0.403, p=3.86e—17),
macrophages (r=0.461, p=1.06e-12), neutro-
phils (r=0.366, p = 3.65e—14) and dendritic cells
(r=0.355, p=2.16e-13) in COAD, while KIF26B
in B cells had no obvious link.

3.6 Assessment of the relevance of KIF26B
expression to immune markers

To further explore the association of KIF26B
expression with immune cell infiltration levels,
relevance analysis was conducted between
KIF26B expression and immunological markers
of tumor-associated macrophages (TAMs), Ml
macrophages, M2 macrophages, and monocytes
in COAD by TIMER and GEPIA2. After adjusting
according to tumor purity, we found that KIF26B
expression was positively associated with that of
the majority of monocyte markers (CD86, CSF1R)
(Figure 7a), TAM markers (CCL2, IL10)
(Figure 7b), M1 macrophage markers (PTGS2,
IRF5, NOS2) (Figure 7c), and M2 macrophage
markers (CD163, MS4A4A, VSIG4) (Figure 7d)
in COAD. In contrast, only NOS2+ M1 macro-
phages were negatively correlated with KIF26B in
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Figure 6. Correlation between immune cell infiltration and KIF26B expression in COAD. (a) Association between various copy
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COAD. To confirm these results, we assessed the
association of KIF26B expression with these mar-
kers in COAD via GEPIA2 and drew similar con-
clusions. As depicted in Table 3, n tumor tissues,
KIF26B expression correlated significantly with all
listed immune cell markers, however, in normal
tissues KIF26B expression only correlated statisti-
cally with the expression of CCL2 and PTGS2

genes. Then, we performed single gene correlation
analysis and ranked the genes by correlation coef-
ficient, and performed GSEA. As shown in
Figure 7e, KIF26B-related genes were significantly
enriched in macrophage polarization-related path-
ways including IL6-JAK-STAT3 signal pathway,
notch signal pathway, PI3K-AKT-MTOR signal
pathway, and TNFA signal via NFKB pathway.
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Table 3. The association between KIF26B expression and biomarkers of immune cells in COAD using

GEPIA2.
COAD
Tumor Normal
Description Gene markers r value p value r value p value
TAM CccL2 0.58 e 0.47 **
CD68 0.42 il -0.14 0.37
IL10 0.47 *rx —-0.037 0.82
M1 Macrophage INOS(NOS2) —-0.18 —0.064 0.69
IRF5 0.32 wrE -0.03 0.85
COX2(PTGS2) 0.19 0.59 *x
M2 Macrophage D163 0.57 Fxx —-0.027 0.87
VSIG4 0.57 e -0.16 0.32
MS4A4A 0.53 el -0.15 0.36
Monocyte (D86 0.49 xrx -0.24 0.14
CD115(CSF1R) 0.57 rrx -0.013 0.93
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Table 4. The association between KIF26B and CD163 expression.

CD163 expression

Tissue sample Low High p value r
KIF26B Low 15 5
KIF26B High 5 17 0.001 0.523

Table 5. The association between KIF26B and CCL2 expression.

CCL2 expression

Tissue sample Low High p value r
KIF26B Low 17 4
KIF26B High 3 18 0.001 0.667

Finally, we verified the correlation of KIF26B with
two marker proteins of macrophages by immuno-
histochemistry, including CD163 and CCL2. As
shown in Figure 7f, higher expression of KIF26B
in colorectal cancer patients with high CD163 and
CCL2 expression Table 4 and Table 5.

3.7 Association between KIF26B and immune
checkpoints in COAD

Immune checkpoints, including PDCD1, CD274,
and CTLAA4, are closely involved in tumor immune
escape. Our results found that the expression of
KIF26B was closely related to immune checkpoint
gene expression. As presented in Figure 8, KIF26B
expression was significantly positively correlated
with the expression of immune checkpoint-related
genes in pan-cancer and COAD, including PDCD1
(Figure 8a,b), CD274 (Figure 8d,e), and CTLA4
(Figure 8g,h). This result was validated by our clin-
ical specimens (Figure 8c,fi).

4, Discussion

As the most common type of intestinal tract tumor,
patients with COAD still have a poor prognosis. In
recent years, the diagnosed population has tended to
be younger. Thus, clarifying the molecular mechan-
ism of colon cancer development and finding poten-
tial prognostic biomarkers are issues to be solved.
Growing evidence suggested that KIF26B was
involved in the initiation and progression of diverse
tumors, especially COAD. However, the molecular
mechanism of KIF26B and its relevance to immune
cell infiltration in COAD have not been thoroughly
studied and need further exploration.

Our study first performed a pan-cancer analy-
sis of unusual KIF26B expression by Oncomine
and TCGA databases. Unpaired and paired speci-
mens were subjected to difference analysis, and
we found that KIF26B mRNA was increased sig-
nificantly compared to those in normal controls.
Similarly, the difference analysis of unpaired and
paired tissue samples from GEO datasets and our
clinical samples also confirmed the upregulated
expression of KIF26B in COAD. The HPA data-
base also indicated increased KIF26B expression
at the protein level. Increased KIF26B expression
may impact the underlying functions and
mechanisms in COAD. Subgroup analysis
demonstrated that KIF26B expression was posi-
tively related to T stage, N stage, and CEA levels
but not M stage. Taken together, KIF26B was an
underlying prognostic factor for colon cancer
patients.

Noncoding RNAs (ncRNAs) do not encode
a protein while they participate in gene expression
regulation via a special mechanism. To identify the
upstream regulatory miRNAs of KIF26B, candi-
date miRNAs binding to KIF26B were forecasted
by StarBase, and 31 miRNAs were finally found.
Then, miRNAs negatively correlated with KIF26B
were filtered, and six miRNAs met this condition.
After conducting expression analysis and survival
analysis, we selected hsa-miR-500a-3p as the
most promising downregulated tumor suppressor
miRNA of KIF26B. According to our experimental
results, we speculated that miRNAs may exert
tumor suppressive effects by inhibiting the expres-
sion of KIF26B. Y. Liu et al. also suggested that
hsa-miR-500a—3p could inhibit the proliferation
and glycolysis of CRC cells [40].
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Figure 8. The relationship of KIF26B expression with PD CD1, CD274, and CTLA 4 expression in COAD. (a-c) Spearman correlation of
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of KIF26B expression with CD274 expression in different types of human tumors, COAD, and clinical samples. (g-i) Spearman
correlation of KIF26B expression with CTLA 4 expression in different types of human tumors, COAD, and clinical samples.

According to the competitive endogenous RNA
hypothesis, possible upstream IncRNAs should be
negatively associated with hsa-miR—500a—3p or posi-
tively associated with KIF26B. Then, IncRNAs of hsa-
miR-500a-3p precursors were forecasted, and 27
potential IncRNAs were obtained. By performing
gene expression analysis, survival analysis, and rele-
vance analysis, MIR4435-2HG was identified as the

most promising upregulated IncRNA in COAD. Our
results also show that MIR4435-2HG may play a role
in promoting tumor growth through competitive
binding of hsa-miR-500a—3p. Previous studies had
confirmed that MIR4435-2HG acted as an oncogene
in Pan-cancer [41]. MIR4435-2HG also participated
in colorectal cancer proliferation and migration via
miR—-206/YAP1 axis [42]. In general, MIR4435-2HG/
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hsa-miR—-500a—-3p/KIF26B axis was constructed as
a potential regulatory network in COAD.

Tumor microenvironment (TME), particularly
immune microenvironment, plays a determinative
role in cancer survival, progression, and tumor
immune escape [43]. To further explore the rela-
tionship of KIF26B with immune microenviron-
ment, we conducted gene-gene relevance analysis
and found the co-expression relationship of KIF26B
with genes encoding chemokine receptors, chemo-
kines, immune suppression, and immune activation
proteins in multiple tumors, especially COAD.
Furthermore, we investigated the correlation
between KIF26B expression and tumor purity and
found that tumor purity was decreased with
increased KIF26B expression, which indicated that
patients with high expression of KIF26B have
higher levels of immune infiltration. As expected,
we discovered that KIF26B was positively related to
multiple immune cells in COAD. Among these
immune cells, the cell type most associated with
KIF26B expression was macrophages. As the most
typical tumor-infiltrating immune cells, macro-
phages played an essential role in the formation of
TME. Thus, we speculated that KIF26B expression
might impact patient prognosis by increasing the
level of macrophage infiltration.

To investigate our speculation, we assessed
the relationship of KIF26B expression with mar-
kers of infiltrating TAMs, M1 macrophages, M2
macrophages, and monocytes. As expected, the
coefficients between KIF26B expression and the
majority markers of macrophage subtype were
positive in COAD. Previous studies confirmed
that TAMs were key cells in the development of
the TME and became the most promising ther-
apeutic targets [44,45]. Our results revealed that
TAMs had a positive correlation with KIF26B
expression. We also found that KIF26B expres-
sion was closely related to M2 macrophages
compared with M1 macrophages, which indi-
cated that KIF26B expression may be associated
with an increase in M2 macrophages. Research
showed that M2 macrophages tend to exert an
immune suppressive phenotype and were asso-
ciated with poor prognosis [45]. In addition, we
verified these results using the GEPIA2 database.
KIF26B-related genes GSEA analysis and
Immunohistochemical staining results also

showed that KIF26B expression was closely asso-
ciated with increased infiltration of M2 type
macrophages. In general, these results suggested
that KIF26B expression may be associated with
the formation of TME.

Immune checkpoints act as regulators of
immune system and are crucial for maintaining
immune homeostasis [46,47]. Tumor cells com-
monly hijack key Immune checkpoints to escape
immune surveillance, and this mechanism
becomes the basis of antitumor immunotherapy
[48,49]. Thus, the association between KIF26B
and immune checkpoints was evaluated. Our
results suggested that upregulated KIF26B
expression was positively correlated with
PDCDI1, CD274, and CTLA4. As an inhibitory
receptor for immunomodulation, over-activation
of these checkpoints will inevitably inhibit the
activation of T cells, affect the anti-tumor effect
of immune cells and cause immune escape of
tumor cells. Thus, we speculated that KIF26B
might be a potential immunotherapy target for
COAD.

In summary, we validated abnormal KIF26B
expression in various tumors and positively corre-
lated KIF26B expression with unfavorable prognosis
in COAD. MIR4435-2HG/hsa-miR-500a—3p
/KIF26B axis was identified as an upstream regula-
tory mechanism in COAD. Moreover, our work
demonstrated that KIF26B might exert its tumori-
genic roles by increasing tumor immune cell infiltra-
tion, promoting the formation of TME, and
upregulating immune checkpoint expression,
thereby promoting tumor progression and prolifera-
tion. Of course, these results need further experi-
mental verification.
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