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ABSTRACT

Esophageal squamous cell carcinoma (ESCC) accounts for over 90% of total in China, and the five-year survival
rate for patients is less than 30%. Accordingly, the identification of novel, effective early diagnosis markers and
therapeutic targets for ESCC is of paramount importance. KIFC1 has been identified as highly expressed in
several types of cancer, although its prognostic value is inconsistent, and no research has been conducted
specifically on its effect on ESCC. To investigate the expression and function of KIFC1 in ESCC, we conducted
immunohistochemical staining on 30 pairs of para-carcinoma tissue and cancerous tissues, revealing a
significant increase in KIFC1 expression in ESCC tissues. Using siRNA to knock down KIFC1 significantly reduced
the proliferation of EC109 ESCC cells both in vitro and in vivo. Bioinformatics analysis revealed a highly
significant positive correlation between KIFC1 overexpression and signaling pathways associated with tumor
proliferation pathways. In EC109 cells, overexpression of KIFC1 significantly increased the rate of centrosome
amplification and the likelihood of pseudo-bipolar division. Furthermore, the expression of KIFC1 and the rate
of centrosome amplification in ESCC tissues were also positively correlated. In order to explore the underline
molecular mechanisms, we identified, through proteomics, that KIFC1 binds to the protein Aurora B. The
knockdown of KIFC1 significantly reduced the distribution of Aurora B on the metaphase plate and substantially
inhibited the phosphorylation of its classical substrate, Histone H3. In conclusion, these findings indicate the
potential utility of KIFC1 as both a tumor marker and a promising target for therapeutic interventions.

INTRODUCTION from 10% to 25% [3]. At present, despite the substantial
advancements in neoadjuvant chemotherapy and
Esophageal carcinoma (EC) is the eighth most prevalent surgical interventions, the prognosis of esophageal
and the sixth most deadly cancer globally [1]. EC is cancer remains unsatisfactory. Consequently, the
a heterogeneous disease which was categorized into exploration of novel early diagnosis marker and
two subtypes: esophageal adenocarcinoma (EAC) therapeutic targets carries significant importance.

and esophageal squamous cell carcinoma (ESCC).

Approximately 90-95% of the EC patients were
diagnosed with ESCC in the Taihang mountains of
north-central China [2]. Due to the limited clinical
approaches for early diagnosis, ESCC tends to have a
poor prognosis. The 5-year survival rate of EC ranges

KIFC1 (Kinesin Family Member C1) is a protein
primarily known for its role within the molecular
motors of cells. KIFC1 plays a pivotal role in executing
numerous fundamental cellular operations, ranging from
intracellular transportation to cell division. It is
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noteworthy that aberrations in the expression levels
of KIFC1 have been demonstratively linked with
progression in specific categories of cancer [4-6].

KIFCI is highly expressed in a variety of tumors. Many
studies suggest that KIFC1 could be used as a potential
actionable biomarker of early-stage tumorigenesis and
progression of high-risk lesions [7]. However, the
protein expression of KIFC1 in some tumors was not
significantly elevated from that in normal tissues. It was
unsuitable for tumor marker, such as lung cancer, colon
cancer, and cervical cancer [8]. However, within the
context of esophageal cancer, the expression parameters
of KIFC1 remain largely underexplored.

KIFC1 was associated with poor prognosis in several
tumors. Targeting KIFC1 could significantly enhance the
lethality of chemotherapeutic drugs for tumor cells [9],
whose underlying mechanisms may involve centrosome
de-cluster [10], energy metabolism [11] and endoplasmic
reticulum dysfunction [5]. Existing data show that high
expression of KIFC1 could support the proliferation of
tumor cells and improve the cell’s ability to withstand
centrosome amplification and multipolar division,
thereby increasing the instability of the genetic material
[12]. Mechanistically, KIFC1 was regulated by TCF-4,
the critical regulator of the Wnt/B-catenin pathway, and
promotes the transcription of HMGA1 [13]. Deletion of
KIFC1 results in the degradation of lamin B and A/C,
defective spindle assembly, formation of micronuclei, as
well as loss of chromosomes during mitosis [10].
Coincidentally, KIFC1 was shown to promote the
proliferation of tumor cells by regulating AKT, CENPE,
ZWINT, and other pathways [14-16]. In liver cancer,
KIFC1 could enhance the transcriptional activity of
HMGAI, thereby accelerating the expression of down-
stream genes [13].

Indeed, research has revealed that KIFC1 can be
phosphorylated by ATM/ATR and robustly uphold spindle
stability when cells are challenged with chemotherapeutic
agents [9]. However, the molecular mechanisms
underlying KIFC1’s role in maintaining spindle stability
have not been fully elucidated. For instance, as a transport
protein, it remains unidentified as to which proteins KIFC1
transports. Or as a motor protein, it remains ambiguous as
to which proteins KIFC1 directly or indirectly binds with,
and regulates in terms of their functional attributes.

In this study, we will examine the protein expression of
KIFC1 in ESCC in clinical samples. The potential of
KIFC1 as a therapeutic target will be evaluated using
xenograft models in mice. Through bioinformatics and
proteomics, we will further investigate the molecular
mechanisms underpinning KIFC1’s role in fostering
tumor progression.

MATERIALS AND METHODS
ESCC tissue microarray and IHC staining

ESCC tissue microarrays were purchased from
Shanghai Outdo Biotech in Shanghai, China
(HEsoS060CS01). Experiments using human samples
have been approved by the Human Ethics Committee.
For immunohistochemistry staining, antibodies against
KIFC1(Abcam, ab172620, 1:500) were used. The
immunohistochemistry kit was purchased from Sangon
Biotech (D601037). For measuring the percentage of
positive cells and the intensity of the stain, we
quantitatively scored the tissue slides under a
microscope. The A.H. score (maximum score 300) was
calculated using the formula: 3 x percentage of ultra-
stained tissue in comparison to 2 x percentage of
moderately stained tissue in comparison to 2% of
weakly stained tissue [17]. In a blinded study, two
pathologists  validated  the  scoring  system
independently.

Cell culture and reagents

EC109 ESCC cell lines were purchased from National
Laboratory cell resource sharing platform (Beijing,
China). EC109 were recovered and cultured with
DMEM (Gibco, Grand Island, NY, USA) medium
containing 10% bovine serum (Gibco, Grand Island,
NY, USA) until the cells were >80% confluent.

Clonal formation assay

EC109 cells were initially trypsinized and counted before
ten hundred cells were plated in a 6-well plate. The cells
were then maintained in a humidified incubator at 37°C
and 5% CO, for 10 days until colonies formed. Post
formation, the medium was removed, cells were washed
with PBS, then fixed with formaldehyde, and subsequently
stained with crystal violet (Sangon Biotech, E607309).

Tumor-bearing mouse models

Mouse related experiments were permitted by the
animal ethics committee of Changzhi Medical College,
and all experiments were performed in accordance with
relevant guidelines and regulations. We confirmed that
the mouse experiments were carried out in compliance
with the ARRIVE guidelines and approved by the
Animal Ethics Committee of Changzhi Medical
College. All animals were kept in pathogen-free
temperature- and humidity-controlled rooms under a 12-
hour light/dark cycle and were provided with soya-free
laboratory food and tap water. In female BALB/c nude
mice (5 weeks old), EC109 cells were injected
subcutaneously into the left flank. Every two days,
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mouse tumor size and survival were assessed when
tumor volumes reached 300 mm?, and animals were
sacrificed using CO; inhalation.

Transfection

The EC109 cells were transfected using Lipofectamine
2000 (Invitrogen, 11668500) according to the
manufacturer’s protocol for 48 h in 6-well plates. The
transfected cells were used for protein extraction or
other subsequent assays. siRNA sequence: sense 5'-
UAACUGACCCUUUAAGUCCUU-3".  Furthermore,
we used this sequence to design a lentiviral vector
targeting KIFC1, which was used to screen for stable
cell lines with KIFC1 knockdown (Bocui Technology,
Beijing, China). Additionally, based on the full-length
CDS sequence of KIFCl, we constructed the
PCDNA3.1-KIFC1 expression vector for transient over-
expression of KIFC1 protein in cells (Bocui Technology).

Bioinformatics analysis

The RNA-sequencing expression profiles (level 3) and
corresponding clinical data for ESCC were procured
from the TCGA dataset (http://www.cancer.gov/). The
limma package within the R software suite was utilized
for the identification of differentially expressed
mRNAs, with an adjusted P-value < 0.05 and Log2
(Fold Change)>1 or Log2 (Fold Change) <—1 set as the
threshold for differential expression.

To further elucidate the possible functions of the
potential targets, the acquired data underwent functional
enrichment analysis. The Gene Ontology (GO) tool,
prevalently employed for gene annotation, shed light on
molecular function (MF), biological pathways (BP), and
cellular components (CC). The ClusterProfiler package
(version: 3.18.0) in R contributed to the analysis of the
GO function of potential targets for a comprehensive
understanding of mRNA’s role in carcinogenesis. The R
software’s ggplot2 and heatmap packages were utilized
for the creation of boxplots and heatmaps respectively.

The GSVA package in R software was utilized for the
analysis, with ‘ssgsea’ selected as the method
parameter. The interrelation between genes and pathway
scores was explored through the Spearman correlation.
All these analytical techniques and R packages were
executed utilizing R version 4.0.3. A p-value < 0.05 was
deemed as an indicator of statistical significance.

Immunofluorescence staining (IF)
We cultured ESCC cells on coverslips and fixed them in

4% paraformaldehyde after washing three times in 0.1
M PBS for 3 min each. A bovine serum albumin

solution was immersed in the sample for 60 minutes at
room temperature and then incubated at 4°C overnight
with anti-gama-tubulin antibody (Abcam, ab179503,
1:500), anti-KIFC1 antibody (Abcam, abl172620,
1:1000) or anti-Aurora B antibody (Abcam, ab3609,
1:1000). Coverslips were washed 3 times in PBS for 3
minutes each, then incubated for 60 minutes with a
secondary antibody. Goat Anti-Rabbit [gG H&L (Alexa
Fluor® 488, Abcam, ab150077, 1:1000) and Goat Anti-
Mouse IgG H&L (Alexa Fluor® 594, Abcam, ab150116,
1:1000) were used as the secondary antibody for IF
staining. Finally, histology mounting medium (Sigma-
Aldrich, F6057) was used to mount the slides.
Following immunostaining, the cells were examined
under a light microscope (Olympus, 1X73).

For immunofluorescence staining of tissues, briefly,
we first dewaxed and rehydrated the paraffin sections
of ESCC tissues. Then, antigen retrieval was
performed using tris-EDTA (pH 7.5) solution under
high-temperature and high-pressure conditions. After 1
hour of blocking, immunofluorescence staining was
conducted using anti-gama-tubulin antibody diluted at a
ratio of 1:200, and incubated at 4°C overnight. On the
following day, the staining with secondary antibodies
was carried out at a dilution ratio of 1:1000. Subsequent
steps for mounting and observation were the same as
those for cell staining.

Centrosome counting

For cultured EC109 cells, centrosome counts were
derived from three independent experiments, each
involving the counting of 300 cells. For ESCC tissue
microarrays, centrosome quantification was performed
in three distinct non-overlapping regions, with a
minimum of 300 cells were valued in each sample.

Western blot

RIPA (Beyotime, Shanghai, China) lysate was used to
extract the total protein from esophageal carcinoma
cells. Secondary antibodies raised against rabbit or
mouse IgG 1:5000 was incubated at 4°C for 12 hours
after washing the membranes six times with TBST for
five minutes each. ChemiDOCTM XRS + imager Bio-
Rad, and protein levels were quantified using the
Olympus Image-Pro Plus software Immunoblots were
scanned by the equipment. Antibody used for western
blot were as follows: anti-Histone H3 (Abcam, ab1791),
anti-S10-Histone H3 (Abcam, ab308372), anti-beta-
actin antibody (Abcam, ab8226), Goat Anti-Rabbit IgG
H&L (HRP) (Abcam, ab205718), Goat Anti-Mouse IgG
H&L (HRP) (Abcam, ab205719). The remaining
antibodies have already been described earlier in the
text will not be expounded upon further here.
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Protein extraction and digestion

Prepared cells were ground into powder using liquid
nitrogen. Approximately 20 mg of powder were
resuspended in 200 pL lysis buffer (4% SDS, 100 mM
DTT, 150 mM Tris-HCl pH 8.0), followed by
quantified with a BCA Protein Assay Kit (Bio-Rad,
USA). In brief, the detergent, DTT, and other low-
molecular-weight components were removed using UA
buffer (8 M Urea, 150 mM Tris-HCI pH 8.0) by
repeated ultrafiltration. We then added 100 pL of 0.05
M iodoacetamide to the UA buffer to block reduced
cysteine residues, and incubated the samples in darkness
for 20 minutes. Following the digestion of the protein
suspension with trypsin, peptides were isolated,
Nanodrop device (Thermo Fisher Scientific, USA) was
used to determine the vacuum-dried peptide con-
centration. After acidification with 10% trifluoroacetic
acid (TFA), the peptides were desalted with a C18
cartridge (Thermo Fisher Scientific, USA).

LC-MS/MS analysis

Analyses were performed on a Q Exactive HF-X mass
spectrometer coupled with a Thermo Fisher Scientific
Easy LLC 1200. The phosphopeptides were loaded onto
a self-packed column using buffer A for the
phosphoproteomic study. At a flow rate of 300 nL/min,
peptides were eluted over 110 min using a linear
gradient of buffer B from 2-40%. MS scans were
acquired from m/z 350 to m/z 1800 with a resolution of
60,000 at m/z 200 and an injection time of 50 ms.
Afterwards, data-dependent top 15 MS/MS scans with
normalized energy 28 were applied with 15,000
resolution at 200 m/z using higher-energy collision
dissociation (HCD). Isolation window size was set to
1.6 Th, and dynamic exclusion duration was 30
seconds.

Protein-protein docking

To ensure the precision of the docking results, the
protein preparation was carried out by utilising
AutoDockTools-1.5.7, which involved the manual
removal of water molecules from the protein and the
addition of polar hydrogen. The GRAMM Docking
Web Server was employed for the protein-protein
docking process. Subsequently, the derived protein-
protein complex was also manually optimised by
excluding water and incorporating polar hydrogen
through AutoDockTools-1.5.7. Finally, interactions
between proteins were forecasted, and a graphic
representation of the protein-protein interaction was
formulated via PyMOL. The KIFCI1(AlphaFold, AF-
QI9BWI19-F1) protein is depicted as a green cartoon
model, Aurora B (PDB, 2BFY) protein is exhibited as a

yellow cartoon model and the INCENP (PDB, 2BFY)
protein is portrayed as a violet cartoon model, with their
respective binding sites demonstrated as corresponding-
colored stick structures. Upon concentrating on the
binding region, the binding site is represented as a
component of the protein to which it is linked.

Statistics

In this study, student’s ¢-test was used for the analysis
between two groups of data, while one-way ANOVA
was employed for the analysis of multiple groups of
data. The data were presented as mean + standard
deviation.

Data availability

The datasets used and/or analyzed during the current
study are available from the corresponding author on
reasonable request.

RESULTS

KIFC1 was highly expressed in ESCC and promoted
ESCC proliferation

KIFC1 exhibits varying prognostic significance in
different tumors; however, its role in esophageal cancer
remains unreported. Firstly, we investigated the
expression of KIFC1 in ESCC and adjacent tissues using
an ESCC tissues CHIP (the tissues CHIPs used in this
paper was shown in Supplementary Figure 1). As shown
in Figure 1A, in the adjacent tissues, KIFC1 was found
to be localized in the cell nucleus, with positive cells
predominantly present in the basal layer of the
esophageal epithelium, albeit with a very low proportion
of positive cells. In cancer tissues, the proportion of
KIFC1-positive cells increased, although not all cells
exhibited positive staining. This could be attributed to
the fact that not all tumor cells undergo mitosis in the
cancer tissues. Furthermore, we employed the A.H.
scoring method (maximum score of 300) to evaluate the
expression levels of KIFC1 in healthy tissues, adjacent
tissues, and ESCC tissues. The results revealed a
significant increase in KIFCI1 scores in cancer tissues
compared to adjacent tissues. However, there was
considerable variation in KIFC1 expression levels within
the cancer tissues (Figure 1B). The paired analysis of
KIFCI protein expression was shown in Figure 1C. We
significantly knocked down the expression of KIFCI
using shRNA (Figure 1D). In the cancer tissues, the
expression level of KIFC1 was significantly higher than
that in adjacent non-tumor tissues, though negative
expression samples were also present. At the cellular
level, through the clone formation experiment, we found
that after transfection of EC109 cells with shRNA
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plasmid targeting KIFCI, the clone formation ability of
EC109 cells significantly weakened (Figure 1E). As
expected, the tumorigenic ability of EC109 cells with
KIFC1 knockdown in nude mice subcutaneously was
greatly reduced (Figure 1F). The results indicate that the
expression of KIFC1 significantly increases in ESCC
tissues, and the knockdown of KIFCI could greatly
reduce the proliferation capability of tumor -cells,
potentially having significant prognostic value.
Bioinformatics analysis of
associated with KIFC1

signaling pathways

In order to investigate the mechanism through which
KIFC1 promotes proliferation in esophageal carcinoma
cells, we utilized the data from 82 ESCC cases in
TCGA for analysis. The heat map of KIFC1 expression
from the bioinformatics analysis was shown in Figure
2A. Further, we divided all samples into 4 groups
according to the expression level of KIFC1. We
analyzed the differential genes between the top 25% of
samples and the bottom 25% of samples based on
KIFC1 expression level. The volcano plot of these
differential genes was shown in Figure 2B. The GO

compared to samples with low KIFC1 expression, the
genes that were elevated in the KIFC1 high expression
group were clustered in numerous cell cycle-related
pathways (Figure 2C). The network of pathways was
shown in Figure 2D. Correlation analysis of these
pathways indicates a highly significant positive
correlation between KIFC1 expression and tumor
proliferation pathways (Figure 2E, Spearman coefficient
= 0.72), G2/M checkpoints (Figure 2F, Spearman
coefficient = 0.79), and DNA replication pathway
(Figure 2G, Spearman coefficient = 0.63). Additionally,
there was a highly significant negative correlation with
the P53 pathway (Figure 2H, Spearman coefficient =
—0.47). The above analysis suggests that high
expression of KIFC1 was a sign of vigorous cell
division. Elevated expression of KIFCI could
potentially affect the cell’s mitotic process.

Overexpression of KIFC1 promotes centrosome
amplification in EC109 cells

To further investigate the relationship between KIFC1
and cell division, we used an anti-gamma-tubulin
antibody to label the centrosomes and spindle of control

clustering analysis of differential genes indicates that, group cells and cells overexpressing KIFC1
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Figure 1. KIFC1 was overexpressed in tumor tissues and facilitates ESCC Proliferation. (A) Immunohistochemical staining is
employed to detect KIFC1 protein expression in both healthy and ESCC tissues; (B) The A.H. score is used to statistically analyze KIFC1
protein expression in healthy, adjacent noncancerous, and tumor tissues of the esophagus; (C) Analysis of KIFC1 protein expression in
adjacent non-tumor esophageal tissues and their paired ESCC tissues is conducted; (D) Knock down of KIFC1 using shRNA; (E) The influence
on clonal formation ability due to knockdown of KIFC1 expression is assessed; (F) In vivo analysis of the proliferative ability associated with

KIFC1 is performed. n = 30, "< 0.01.
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(Figure 3A). When KIFC1 were overexpressed (Figure entered the metaphase and anaphase of cell cycle before

3B), cells in the KIFC1 overexpression group showed and after overexpression of KIFC1. Although there

more instances of centrosome amplification (Figure were more instances of centrosome amplification in

3C). Further, we statistics the ways in which cells cells overexpressing KIFC1, the cells tended to
A y-tubulin DAPI Merge
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Figure 3. Overexpression of KIFC1 promotes centrosome amplification and pseudo-bipolar division. (A) Schematic illustration
of centrosome amplification in KIFC1 overexpression group and control group, where centrosomes were labeled with gama-tubulin
antibody (green) and DNA was stained with DAPI (blue); (B) Western blot analysis the overexpression of KIFC1; (C) Statistics of centrosome
amplification rate in cells after KIFC1 overexpression; (D) Statistics of the ways cells enter mid and late stages of mitosis; (E) Schematic
illustrations of bipolar division, pseudo-bipolar division, and multi-polar division in cells, where centrosomes were labeled with gama-
tubulin antibody (green) and DNA was stained with DAPI (blue). n = 3, "< 0.01.
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complete mitosis through pseudo-bipolar division
(Figure 3D), in which extra centrosomes tended to
cluster at the two poles of the spindle (Figure 3E).

The expression of KIFC1 and centrosome
amplification demonstrate a significant association
in the context of ESCC

Presently, at the cellular level, we have identified an
association between KIFC1  overexpression and
centrosome amplification. We subsequently utilized the
same esophageal cancer tissue microarray to conduct
immunofluorescence investigations (Figure 4A). In the
adjacent cancerous tissues, all cells host 1-2 centrosomes,
with basal cells and glandular tube cells exhibiting stronger
fluorescence intensities. From the basal to epidermal
layers, a gradual decrease in gamma-tubulin staining
intensity was observed, likely due to the differentiation of
basal cells to squamous epithelium. In ESCC tissues, we
frequently observe amplified centrosomes, and the
gamma-tubulin staining exhibits a more homogenous
intensity. After a comprehensive statistical analysis, we
noticed that centrosome amplification was absent in
normal esophageal epithelial tissue but was apparent in
ESCC tissue, with amplification intensifying in line with
elevated tumor grades (Figure 4B). Given that the protein
expression level of KIFC1 and the detection of centrosome
amplification arise from the same tissue microarray,
we paired these two sets of statistical outcomes.
The relationship was presented in a scatter diagram
(Figure 4C), demonstrating a significant positive
correlation between the expression level of KIFC1 and the
ratio of centrosome amplification (Spearman’s coefficient
=0.3299).

Proteomics identification of the proteins interacting
with KIFC1

KIFC1 exhibits dual functions in microtubule
organization and vesicle transport, which have not been
thoroughly explored. To investigate the molecular
mechanisms through which KIFC1 promote centrosome
amplification and pseudo-bipolar division, we treated
cells with nocodazole to enrich for G2/M phase cells.
After release, an estimated 70% of the cells progressed
to the metaphase. Co-immunoprecipitation (Co-IP) and
high-performance liquid chromatography-mass spectro-
metry (HPLC-MS) were utilized to identify the proteins
interacting either directly or indirectly with KIFCI
(Figure 5A). GO clustering allowed us to focus on
proteins localizing to the spindle (Figure 5B). The
spindle associate proteins were shown in Table 1. (In
Supplementary Table 1, we present all the proteins that
directly or indirectly interact with KIFCI1, and their
interaction network was shown in Supplementary Figure
2). Intriguingly, Aurora B was the most powerful protein

amongst all contenders (Figure 5C). Co-IP and western
blot experiments revealed a significant rise in the
binding between KIFC1 and Aurora B during metaphase
(Figure 5D). A bioinformatics analysis demonstrated a
substantial positive correlation (Figure SE, spearman =
0.66) between KIFC1 and Aurora B mRNA expression
levels in ESCC. Furthermore, we confirmed the binding
of KIFCI and Aurora B through co-localization using
immunofluorescence techniques (Figure 5F).

KIFC1 regulates Aurora B protein expression and
subcellular localization

To investigate the regulatory mechanisms of KIFC1 on
Aurora B, we manipulated KIFC1 expression through
both knockdown and overexpression approaches
and conducted subsequent studies via co-localization
immunofluorescence and western blot. Upon over-
expression of KIFC1 within cells, Aurora B displayed
proper subcellular localization, and a significant
augmentation in fluorescence intensity was observed.
However, the ablation of KIFC1 resulted in a mis-
localization of Aurora B outside chromosomes
accompanied by significant absence in chromosomal
location, resulting in abnormal chromosomal
morphology (Figure 6A). Examination of protein levels
through western blot revealed that KIFC1 knockdown
mildly reduced Aurora B protein levels, while
overexpression remarkably elevated its levels (Figure
6B). After knocking down KIFC1, the binding between
Aurora B and its classical substrate, Histone H3, was
significantly reduced (Figure 6C). Lastly, we inspected
the protein expression levels and phosphorylation state
of Histone H3, a classic Aurora B substrate, and found
that the knockdown of KIFC1 significantly reduced the
phosphorylation level of Histone H3, with KIFCl1
overexpression substantially enhanced it. Finally, we
performed molecular docking using the KIFC1 structure
from Alpha Fold and the Aurora B- INCENP complex
structure listed in the PDB. The docking results indicate
that the spatial distances between Aurora B-Tyr860 and
KIFC1-Asn617, Aurora b-Ser338 and KIFCI1-Ser597,
and Aurora b-Ala319 and KIFC1-Thr368 are 3.7, 3.9,
and 1.8 angstroms, respectively. There are significant
intermolecular hydrophobic interactions present (Figure
6D). These results demonstrate that KIFC1 carries a
dual function in regulating the protein levels and
subcellular localization of Aurora B, offering a new
perspective  for  understanding the  molecular
mechanisms by which KIFC1 promotes ESCC cell
proliferation and centrosome aberration.

DISCUSSION

Utilizing immunohistochemical staining of ESCC tissue
CHIP, we observed that the expression of KIFC1 was
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exceptionally low in normal tissues. In contrast, in
adjacent tissues, the expression of KIFC1 was
significantly increased, while in tumor tissues, the
expression of KIFC1 was drastically elevated. This
phenomenon might be due to the specific surges in
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KIFC1 expression in cells during mitosis [10]. Given
the substantial difference in KIFC1 expression between
normal and ESCC tissues, we considered proteins with
similar traits, such as KI67. After comparing the
expression levels of KIFC1 and K167 in ESCC [17] and
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Figure 4. Centrosome amplification in ESCC tissues and paired analysis with KIFC1 expression levels. (A) Centrosome staining
in ESCC tissues and adjacent tissues, centrosomes marked using anti-gamma-tubulin antibodies (green) and DNA stained with DAPI (blue);
(B) Analysis of centrosome amplification phenomena in relation to tumor grade; (C) Analysis of the relationship between KIFC1 expression

levels and rates of centrosome amplification. n = 30, "< 0.05, **< 0.01.
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considering the expression and location of KIFC1 in a KIFC1 has dual functions of material transport and

normal esophagus, we believe that KIFC1 has the microtubule organization. In oocytes deletion of KIFC1
potential to play a significant role in early detection of leads to spindle instability and aneuploidy production
ESCC. [4, 5, 18]. The exact mechanism for maintaining
A B - 161
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Table.1 Identification of spindle -associated proteins using HPLC - MS

Protein names Gene names iBAQIgG iBAQKIFC1
Kinesin -like protein KIFC1 KIFC1 (1] 5458400
Aurora kinase AURKB 0 1534600
Core histone macro -H2A.1 MACROH2A1 0 1442900
highly similar to Targeting protein for Xklp2 HCTP4 104020 1153200
Gamma- tubulin complex component TUBGCP2 0 531180
Small kinetochore-associated protein KNSTRN 0 213600
ATP - binding cassette sub - family F member 2 ABCF2 0 163830
Filamin-A FLNA 0 156900
DNA topoisomerase 2 -alpha TOP2A 0 124510
Proliferation marker protein Ki-67 MKI167 0 56650
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Figure 5. Proteomic analysis reveals protein interactions with KIFC1. (A) Flow chart of metaphase cell; (B) GO cluster of
identification results, clustering according to organelles; (C) Mass spectrum peak of Aurora B; (D) Immunoprecipitation with anti KIFC1
antibody and detect Aurora B content through western blot; (E) Bioinformatics analysis of the correlation between KIFC1 and Aurora B
MRNA expression; (F) immunofluorescence stain of KIFC1 (green) and Aurora B (red), DNA were stained with DAPI (blue).
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Table 1. Identification of spindle-associated proteins using HPLC-MS.

Protein names

Gene names iBAQ IgG iBAQ KIFC1
Kinesin-like protein KIFC1 KIFCl1 0 5458400
Aurora kinase AURKB 0 1534600
Core histone macro-H2A.1 MACROH2A1 0 1442900
Highly similar to Targeting protein for Xklp2 HCTP4 104020 1153200
Gamma-tubulin complex component TUBGCP2 0 531180
Small kinetochore-associated protein KNSTRN 0 213600
ATP-binding cassette sub-family F member 2 ABCF2 0 163830
Filamin-A FLNA 0 156900
DNA topoisomerase 2-alpha TOP2A 0 124510
Proliferation marker protein Ki-67 MKI67 0 56650
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Figure 6. KIFC1 regulates the expression and subcellular localization of Aurora B. (A) The subcellular localization of Aurora B after
overexpression and knockdown of KIFC1, where Aurora B is indicated in red, and gamma tubulin in green; (B) Protein levels of Aurora B and
the expression and phosphorylation of its substrate Histone H3 after overexpression and knockdown of KIFC1; (C) co-IP detect the binding
of Aurora B and Histone H3; (D) The molecular docking model of KIFC1 with Aurora B-INCENP complex.
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spindle stability was also found in cisplatin resistance
[9] and neuronal migration [4].

Through bioinformatics analysis, we found that the
high expression of KIFC1 is significantly positively
correlated with tumor proliferation, DNA replication,
and other signaling pathways (Figure 2). Previous
research has indicted that the overexpression of KIFC1
could significantly shorten the S phase’s duration and
promote the cell cycle’s transition [10]. This suggests us
that the increased KIFC1 protein may enhance
efficiency of DNA replication and shorten the
interphase of mitosis by accelerating protein transport.

The regulation of the cell cycle is characterized by a
high degree of precision [19]. During the S phase, cells
need to complete the replication of DNA and
centrosomes [20]. Nevertheless, an increase in KIFC1
can introduce significant interference in this phase [10],
leading us to question the potential effects of KIFC1 on
the replication of centrosomes and consequent mitosis.
Following  immunofluorescence  staining  results
validated our hypothesis, with overexpression of KIFC1
promoting centrosome amplification (Figure 3). Yet,
cells exhibit a marked inclination towards pseudo-
bipolar division to progress through the cell cycle. This
mode of division circumvents the substantial loss of
genetic material or mitotic catastrophe caused by multi-
polar division, thereby preventing progeny cells from
becoming nonviable [21]. Moreover, this method of
division could lead to heightened chromosomal
instability, thus enhancing tumor heterogeneity [22].

Previous literature has illustrated that KIFC1 localizes
to the mitotic spindle [5, 18], connecting adjacent
microtubules and preserving spindle stability [23].
However, our observations reveal that follow by the M
phase and anaphase, the subcellular localization of
KIFC1 does not return to the nucleus, but rather aligns
with central spindle (Figure 5F). Studies have shown
that the central spindle plays a role in promoting the
separation of chromosomes into two daughter cells [24].
However, our understanding of the composition and
function of the centrosome is still in its early stages.
Currently, we do not know the mechanisms behind its
assembly and the proteins that regulate it [25, 26],
further research is needed. Using co-immuno-
precipitation (Co-IP) with cells disrupted physically
rather than by detergents (NP40), we identified
numerous candidate proteins transported by KIFCI,
including TPX4 (Table 1), through proteomics analysis.
Similar as KIFC1, TPX2 (HCTP4) exhibits spindle
localization [27], and as prototypical protein playing
crucial roles in the cell cycle, it can accelerate the cell
cycle by phosphorylating substrate proteins such as
Aurora A [28]. TPX2 might directly bind to KIFCI,

facilitating phosphorylation of KIFC1, thereby maintain
spindle stability. However, this interaction does not
suffice to bring centrosomes closer and maintain
pseudo-bipolar division.

Among the identified candidates, kinase Aurora B, a
spindle assembly checkpoint protein [29], draws our
attention. During the intermediate stage of mitosis,
Aurora B localizes to kinetochores, and during the
telophase, Aurora B could be observed in the
cytokinetic ring [30]. At both stages, the localization of
Aurora B overlaps with that of KIFC1. Some research
indicates the inhibition of Aurora B results in a multi-
polar division phenomenon [31], emphasizing the
significant role in monitoring pseudo-bipolar division.
The interaction between KIFC1 and Aurora B was
validated through immunofluorescence and Co-IP+WB
experiments. (Figure 5D, 5F).

Subsequently, after knocking down the expression of
KIFC1, Aurora B was unable to accurately localize to
the metaphase plate during the M phase of mitosis
(Figure 6A). It provides evidence to KIFC1’s ability
to transport Aurora B to the precise location for
its functional execution. The differential de-
phosphorylation modification of Histone H3, a classical
substrate of Aurora B [32], provides empirical evidence
for this assertion (Figure 6).

In the progeny cells created by pseudo-bipolar division,
the abnormal number of centrosomes inevitably leads
to centrosomes amplification. It may cause further
instability of genetic materials in cancer cells [33].
Thus, centrosome amplification was considered an
important indicator for tumor grading, typing, and
prognosis [34, 35]. The overexpression of KIFC1 in
cells could significantly elevate the rate of centrosome
amplification in vitro (Figure 3). Upon staining
centrosomes with the same clinical samples used in
KIFC1  immunohistochemical  experiments, we
observed a significant positive correlation between the
expression of KIFC1 and the rate of centrosome
amplification in ESCC (Figure 4). This is the inaugural
research correlating the expression of a protein with
centrosome amplification. Previous research on various
tumors, including esophageal adenocarcinoma,
concluded that the rate of centrosome amplification
rises as tumor grade escalates [36], and our study
corroborates this. Our findings suggest that KIFCI
might serve as a vital marker for tumorigenic
heterogeneity. However, further exploration is
warranted to solidify this hypothesis.

In conclusion, our work shows the potential utility of
KIFC1 as both a tumor marker and a promising target
for therapeutic interventions.
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SUPPLEMENTARY MATERIALS

Supplementary Figures

Tissues CHIP for IF

Supplementary Figure 1. Tissues CHIP used in this paper.
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Supplementary Figure 2. Protein interaction network analysis of KIFC1 binding proteins.
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Supplementary Table
Please browse Full Text version to see the data of Supplementary Table 1.

Supplementary Table 1. Proteins pulldown by anti-KIFC1 antibody.
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