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Abstract Kinesin superfamily protein 2A (KIF2A), an
M type nonmotile microtubule depolymerase, has received
attention for its role in carcinogenesis and prognostic value
in several types of cancer. In this study, we evaluated the
expression of KIF2A and its potential and robustness to pre-
dict clinical outcomes in colorectal cancer (CRC) patients.
The messenger RNA (mRNA) expression of KIF2A was de-
termined in 20 pairs of cancerous and adjacent nontumor tis-
sues by real-time polymerase chain reaction. KIF2A immuno-
histochemistry was performed on tissue microarray (TMA),
composed of 182 CRC and 179 matched adjacent nontumor
tissues from surgery, 23 chronic colitis, 43 low-grade, and 18
high-grade intraepithelial neoplasias acquired through intesti-
nal endoscopic biopsy. Univariate and multivariate Cox re-
gression models were used to perform survival analyses. Both
KIF24 mRNA and protein product exhibited CRC tissue-
preferred expression, when compared with benign tissues.
The high KIF2A expression was significantly correlated to
TNM stage (P=0.046) and tumor status (T) (P=0.007). In
univariate and multivariate analyses, high KIF2A expression
showed a major prognostic value regarding 5-year survival.
The influences of KIF2A expression on the survival were
further proven by Kaplan—Meier survival analysis. This study
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demonstrated CRC tissue-preferred expression pattern of the
KIF2A and suggested that high KIF2A expression might
serve as an independent maker for poor prognosis in CRC
patients.
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Introduction

As the second common causes of cancer deaths, colorectal
cancer (CRC) is one of top contributors to cancer-related mor-
tality and morbidity [1, 2]. Several countries and regions (i.e.,
Australia and New Zealand, Europe, and North America) have
been known to have highest incidence rates of CRC. Never-
theless, a trend toward a rapidly increasing incidence of CRC
has been found in some low-risk areas including several coun-
tries within Eastern Asia [3, 4]. Notwithstanding rapid ad-
vances in treatments including surgery, chemotherapy, and
targeted therapy, the prognosis for CRC patients is far from
satisfying. A major difficulty in enhancing clinical outcomes
is the fact that clinicians currently have no adequate knowl-
edge and tools to predict individual patients’ responses to
treatments. Therefore, it is imperative to discover novel bio-
markers that can predict prognosis of CRC in order for the
clinician to choose appropriate and optimal therapies for the
CRC patients. Thus far, countless efforts have been made to
pinpoint reliable prognostic biomarkers for CRC based on
tumor biology [5]. Consequently, various factors, including
genetic signatures (e.g., microsatellite instability) [6-8], gene
mutations (e.g., BRAF V600E) [9, 10], and miRNA (e.g.,
miR-451, miR-625, miR-29¢) [11-13], have exhibited associ-
ation with favorable or poor CRC prognosis, to some extent.
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Nevertheless, many issues such as reproducibility and speci-
ficity are warranted to be addressed. There remains much
work to be done to identify high-quality CRC prognostic
markers.

Kinesin superfamily protein 2A (KIF2A), together with
KIF2B, mitotic centromere-associated kinesin (MCAK, also
known as KIF2C), constitute the kinesin-13 family [14]. The-
se family members are M type nonmotile microtubule
depolymerases and play central role in regulating microtubule
dynamics during mitotic progression. The spindle, a
microtubule-based structure, is a requirement for accurate
chromosome segregation in both the mitotic and meiotic cell
cycles [15, 16]. KIF2A is a microtubule minus end-
depolymerizing motor, and it is essential in assembling normal
bipolar spindles [17]. With the ablation of KIF2A, through
small interfering RNA (siRNA) or antibody, cells end up
forming monopolar spindles, which may result in chromo-
some gain or loss in daughter cells [17, 18]. As a result, cell
cycle progression is also halted [17, 18]. Interestingly, several
lines of evidence has indicated that KIF2A may be implicated
in carcinogenesis [19-21] and the development of drug resis-
tance [22]. For instance, it was demonstrated that upregulation
of KIF2A was related to the progression and metastasis of
squamous cell carcinoma of the tongue [19]. Thus far, the
expression of KIF2A in CRC and its prognostic role have
not been explored in CRC. With this in mind, we examined
expression of KIF2A in CRC and evaluated its association
with progression, invasion, and metastasis of CRC.

Materials and methods
Clinical tissue samples

One hundred and eighty-two CRC patients were recruited in
this study, consisting 116 men and 66 women. All enrolled
patients received surgery for CRC in the Affiliated Hospital of
Nantong University between January 2005 and December
2010. All CRC patients were histopathologically confirmed
by at least two pathologists. Patients would be precluded if
they were treated with chemotherapy or radiotherapy before
surgery. The age range of patients was between 17 and
90 years, with a mean age of 65.21 years. The following
clinical data of each patient were also acquired: gender, tumor
site, histological type, tumor differentiation, TNM stage (T, N,
and M stand for tumor status, lymph node metastasis, and
distant metastasis), and preoperative carcinoembryonic anti-
gen (CEA) level. Informed consent was provided by patients
prior to surgical operation. Primary CRC tissues and adjacent
normal colorectal tissues were collected with the approval of
the Ethics Committee of the Nantong University. After quick
removal of the necrotic and ulcerated parts of samples, a frac-
tion of sample sets underwent formalin-fixation and paraffin

@ Springer

embed, while remaining tissues were snap-frozen in liquid
nitrogen until further utilization. Additionally, for the compar-
ison of KIF2A expression in cancerous and noncancerous
tissues, 23 chronic colitis, 43 low-grade, and 18 high-grade
intraepithelial neoplasias obtained by intestinal endoscopic
biopsy were also included to increase sample size.

qRT-PCR analysis

To investigate the difference in the K/IF24 gene expression
levels between cancerous and normal tissues, total RNA was
extracted from fresh CRC cancer tissues and matched, tumor-
adjacent normal tissue samples (n=20). The LightCycler
FastStart DNA Master SYBR Green I Kit (Roche Diagnostics,
Tokyo, Japan) was used to carry out One-Step quantitative
real-time polymerase chain reaction (QRT-PCR) analysis, fol-
lowing previously published procedure [23]. The primers for
KIF24 gene amplification were as follows: forward primer 5'-
GCCGAATACATCAAGCAAT-3" and reverse primer 5'-
CTCTCCAGGTCAATCTCTT-3', which generated a 109-bp
amplicon. Moreover, a PCR assay with primers specific for
the housekeep gene glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) gene was run in parallel to normal-
ize KIF2A gene expression (forward primer 5-TGCACCAC
CAACTGCTTAGC-3'" and reverse primer 3'-GGCATGGA
CTGTGGTCATGAG-5"). Reverse transcription and Taq acti-
vation were conducted by sequential incubation for 30 min at
42 °C and 2 min at 94 °C, respectively. The amplification
parameters were 95 °C for 20 s, 56 °C for 20 s, and 72 °C
for 30 s for 35 cycles. All samples were run in triplicate.

TMA construction and IHC analysis

Tissue Microarray System (Quick-Ray, UT06, UNITMA,
Korea) was used to construct tissue microarrays (TMAs) with
182 CRC tissue specimens and corresponding tumor-adjacent
normal tissues in the Department of Clinical Pathology, Nan-
tong University Hospital, Jiangsu, China. Briefly, we captured
core tissue biopsies (2 mm in diameter) from each donor
paraffin-embedded section and put them in recipient paraffin
blocks in order. TMA specimens were then sliced into 4-um
sections and positioned on super frost-charged glass micro-
scope slides. Immunohistochemistry (IHC) analysis was per-
formed according to standard protocol [24] with a mouse an-
tihuman KIF2A monoclonal primary antibody (5 pg/ml,
ab55383, Abcam) and a biotinylated antimouse secondary
antibody. Briefly, slides sequentially underwent all staining
procedure, including deparaffinization, rehydration through
graded alcohols, blockade of endogenous peroxidase activity,
antigen retrieval, and incubation with antibodies. A slide in
which primary antibody was omitted served as a negative
control. After incubation with antibodies, slides then contin-
ued to undergo staining procedures with horseradish



Tumor Biol. (2015) 36:8895-8902

8897

peroxidase, 3,3-diaminobenzidine chromogen solution, and
counterstain (hematoxylin). The KIF2A staining intensity of
each slide was assessed and scored by two independent pa-
thologists and fell into four categories: 0 (negative), 1 (weakly
positive), 2 (moderately positive), and 3 (strongly positive).
Moreover, the percentage of positive cells were also scored,
with 0 representing for 0-20 %, 1 for 21-50 %, 2 for 51-75 %,
and 3 for 76-100 % of positive cells. The final staining score
was generated by the product of the percentage and intensity
score. Finally, we dichotomized the continuous KIF2A stain-
ing scores into low and high expression levels using specific
cutoff value, which was determined using the X-tile software
program (The Rimm Lab at Yale University; http://www.
tissuearray.org/rimmlab) as a statistically significant KIF2A
expression score regarding overall survival (OS) [25].

Statistical analysis

KIF24 messenger RNA (mRNA) expression in fresh CRC
compared with matching tumor-adjacent tissues was analyzed
using the Wilcoxon nonparametric signed-rank test. The
strength of the associations of clinicopathologic variables with
KIF2A expression was determined using x? tests. The
Kaplan—Meier Survival curves were plotted. Univariate and
multivariate Cox regression models were adopted to evaluate
prognostic significance of variables. The statistical signifi-
cance level was set at P<0.05. All statistics were carried out
using STATA Version 12.0 (Stata Corporation, College Sta-
tion, TX, USA).

Results
Evaluation of KIF2ZA mRNA expression by qPCR

In order to ascertain whether K7F’24 mRNA expression differs
between CRC and normal tissues, we isolated total RNA from
20 CRC tissues and matched tumor-adjacent tissues. One-step
qRT-PCR analysis revealed that K/F24 mRNA expression
was significantly higher in cancer tissues than in tumor-
adjacent normal tissues (Fig. 1).

IHC for KIF2A expression in CRC

Given the significantly enhanced K/F'24 mRNA expression in
CRCs compared with tumor-adjacent tissues, we further ex-
plored KIF2A expression in the protein level, by performing
IHC analysis on TMA comprising CRC and matched tumor-
adjacent tissues from 182 patients with CRC. We also exam-
ined KIF2A expression in 23 chronic colitis, 43 low-grade
intraepithelial neoplasias, and 18 high-grade intraepithelial
neoplasias. Images in Fig. 2 exhibited demonstrative THC
staining for KIF2A in CRC tissues. IHC staining indicated

Sample No.
S

T T T T T T T T
2.0 15 1.0 05 0.0 0.5 1.0 15 2.0 25

Relative KIF2A mRNA expression level

| I Adjacent Tissues

| I Tumor Tissues

Fig. 1 Differential expression of KIF2A mRNA in colorectal cancer
(CRC) and tumor-adjacent normal tissues. KIF2A mRNA expression
levels in CRC (Ca) and tumor-adjacent tissue (N) were examined using
One-Step quantitative reverse transcription-polymerase chain reaction
(qQRT-PCR). Expression of KIF2A mRNA was normalized to the expres-
sion levels of GAPDH. KIF2A mRNA was preferentially expressed in
CRC tissues over matched tumor-adjacent normal tissues (P=0.027)

that KIF2A protein was mainly confined to the cytoplasm of
CRC cells. TMA data analysis using X-tile software program
yielded a cutoff value of 6 for KIF2A regarding overall CRC
survival. Tissues with KIF2A staining score (the product of
the percentage and intensity score) <6 or >6 were considered
low or high expression, respectively. Overall, only small pro-
portion of chronic colitis (17.39 %, 4/23) and matched tumor-
adjacent tissues (12.85 %, 23/179) displayed high KIF2A ex-
pression, whereas high expression of this protein was detected
in 39.53 % (17/43) of low-grade intraepithelial neoplasia,
77.22 % (13/18) of high-grade intraepithelial neoplasia, or
43.41 % (79/182) of CRCs (P<0.001) (Table 1). These find-
ing substantiated that the distribution pattern of KIF2 A protein
in CRC and normal tissues was in line with that of its mRNA
expression.

Association of KIF2A expression with demographic
and clinic pathological parameters of CRC

The associations between KIF2A expression and a number of
demographic and clinical pathological variables of CRC pa-
tients were evaluated, including gender, age, tumor location,
histological type, tumor differentiation, TNM stage, tumor
status (T), lymph node metastasis (N), and preoperative
CEA level (Table 2). We found that high cytoplasmic KIF2A
expression was significantly associated with TNM stage (P=
0.046) and tumor status (T) (P=0.007). Larger percentage of
stage II or III+IV CRCs exhibited high KIF2A expression
than that of stage 0-1 CRCs. Similarly, the proportion of tumor
with high KIF2A expression increased with the degree of
lymph node metastasis (25.58 % of CRCs with Tis+T1+T2
vs. 48.92 % of CRCs with T3, 4b) (Table 2). These results
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Fig. 2 Representative KIF2A
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suggested that CRCs with high cytoplasmic KIF2A expres-
sion were prone to progress to a more advanced stage than
those with low KIF2A expression. Nevertheless, null associ-
ation was observed between KIF2A expression and the re-
maining clinical variables.

Survival analysis

Univariate Cox regression analyses demonstrated that KIF2A
expression (P<0.001), tumor differentiation (P=0.002), tu-
mor TNM stage (P<0.001), T (P=0.001), N (P<0.001), and
preoperative CEA levels (P=0.001) significantly affected 5-
year survival of patients with CRC. Multivariate Cox regres-
sion analyses further showed that high cytoplasmic KIF2A
expression (P=0.001), poor tumor differentiation (P=0.001),
high preoperative CEA levels (P<0.001), and advanced tumor
TNM stage (P=0.012) were independent prognostic factors
for poor overall survival (Table 3).

In Kaplan—Meier survival analysis, patients with high
KIF2A expression had worse survival than those with low
KIF2A expression during all time points of the follow-up

period (log rank, overall, 5 years, P<0.001) (Fig. 3). Like-
wise, tumor differentiation, TNM stage, and preoperative
CEA levels also individually influenced survival, with well-
differentiated tumors, early TNM stage, and low preoperative
CEA levels predicting a favorable prognosis.

Discussion

CRC is one of most frequently diagnosed cancer worldwide.
CRC incidence rates continue to ascend in low-risk countries,
especially in Czech Republic and Japan [3, 4], partially due to
alterations in dietary patterns, a trend toward obesity, and an
augmented prevalence of smoking [26, 27]. In the most of
high-risk countries (e.g., Canada and Australia), rates are de-
creasing or remain steady, and the USA is the only exception
with significantly decreasing incidence rate mainly because of
early detection and management of precancerous lesions [3, 4,
28]. These epidemiology data suggests the high prevalence
and the importance of improving early detection, treatment,
and prognosis of CRC.

Table 1  KIF2A expression in cancerous tissues and other tissues

Characteristic Number Low expression High expression Pearson x° P value
Chronic colitis 23 19 (82.61) 4(17.39)

Low-grade intraepithelial neoplasia 43 26 (60.47) 17 (39.53)

High-grade intraepithelial neoplasia 18 5(27.78) 13 (72.22) 12.633 0.002*
Cancer 182 103 (56.59) 79 (43.41)

Surgical margin 179 156 (87.15) 23 (12.85)

Total 445 309 (69.44) 136 (30.56) 58.846 <0.001*
*P<0.05
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Table 2 Relationship between
the expression of KIF2A and Characteristic Number Low expression High expression Pearson x> P value
clinicopathological characteristics
in colorectal cancer Total 182 103 (56.59) 79 (43.41)
Gender 1.833 0.176
Male 116 70 (60.34) 46 (39.66)
Female 66 33 (50.00) 33 (50.00)
Age 0.233 0.630
<60 61 33 (54.10) 28 (45.90)
>60 121 70 (57.85) 51 (42.15)
Location 2.072 0.150
Colon 133 71 (53.38) 62 (46.62)
Rectum 51 32 (65.31) 17 (34.69)
Histological type 1.644 0.200
Tubular and papillary 162 89 (54.94) 73 (45.06)
Others® 20 14 (70.00) 6 (30.00)
Differentiation 0.943 0.332
Poor 21 14 (66.67) 7 (33.33)
Well and middle 155 86 (55.48) 69 (44.52)
Others” 6 3 3
TNM stage 6.170 0.046*
0-I 37 27 (72.97) 10 (27.03)
I 67 32 (47.76) 35 (52.24)
m+I1v 78 44 (56.41) 34 (43.59)
T 7.282 0.007*
Tis+T1+T2 43 32 (74.42) 11 (25.58)
T3, 4b 139 71 (51.08) 68 (48.92)
N 0.802 0.670
NO 106 60 (56.60) 46 (43.40)
Nla 39 24 (61.54) 15 (38.46)
Nlb,lc,2a,b 37 19 (51.35) 18 (48.65)
Preoperative CEA, ng/ml 0.010 0.922
<15 106 60 (56.60) 46 (43.40)
>15 27 15 (55.56) 12 (44.44)
Unknown 49 28 21
*P<0.05

#Mixed (Tubular and mucinous) adenocarcinoma, ten cases; mucinous carcinoma, six cases; signet ring cell
carcinoma, two cases; adeno-squamous carcinoma, one case

® Mucinous carcinoma, six cases; adeno-squamous carcinoma, one case

CRC patients are often subject to overtreatment due to
failure to distinguish low-risk subgroup from all cancer pa-
tients. Clinical factors (e.g., TMN and tumor grade) that a
clinician has relied on to predict prognosis for decades are
likely necessary, but not sufficient. The mission of
“precision medicine,” also known as “personalized medi-
cine,” is to tailor available treatments to the individual pa-
tient based on traditional clinical staging systems and pathol-
ogy in conjunction with molecular diagnostics (e.g., genetic
alterations and biomarkers). CRC is a complex and hetero-
geneous disease; thus far, no single biomarker with high
accuracy and robustness is available to identify this subset
of patients. Therefore, we performed this study, attempting

to enhance the capacity of predicting clinical outcome by
identifying new biomarkers.

In the present study, qRT-PCR analysis revealed that ex-
pression level of KIF24 mRNA in CRC tissues was signifi-
cantly higher than in normal tumor-adjacent tissues. More-
over, IHC staining performed on TMA also substantiated in-
creased KIF2A protein product in CRC tissues in comparison
with matched tumor-adjacent tissues. We also provided addi-
tional evidence of the overexpression of KIF2A protein in
cancerous tissues. We further confirmed increased prevalence
of high KIF2A expression in cancerous tissues (low- and
high-grade intraepithelial neoplasia) as compared to noncan-
cerous tissues (chronic colitis). Survival analysis elucidated
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Table 3  Univariate and multivariable analysis of prognostic factors for 5-year survival in colorectal cancer

Univariate analysis

Multivariate analysis

HR P>|7| 95 % CI HR P>z 95 % CI
KIF2A expression (high vs low and none) 2.789 <0.001* 1.668 4.663 3311 <0.001* 1.755 6.246
Age (years) (<60 vs >60) 1.027 0.921 0.608 1.734
Gender (male vs female) 1.306 0.324 0.768 2221
Location (colon vs rectum) 1.239 0.428 0.729 2.107
Histological type (tubular and papillary vs others®) 0.500 0.180 0.182 1.378
Differentiation (well and middle vs poor) 0.372 0.002* 0.201 0.688 0.367 0.009* 0.173 0.777
TNM stage (0 and I vs II vs Il and IV) 2.432 <0.001* 1.632 3.625 1.847 0.012* 1.144 2.981
T (Tis and T1 and T2 vs T3 and 4a) 7.821 0.001* 2452 24.950
N (NO vs Nla vs N1b and N2a and 2b) 1.781 <0.001* 1.339 2.368
Preoperative CEA, ng/ml (<15 vs >15) 2.723 0.001* 1.486 4.990 2.386 0.006* 1.277 4.459

*P<0.05

#Mixed (tubular and mucinous) adenocarcinoma, ten cases; mucinous carcinoma, six cases; signet ring cell carcinoma, two cases; adeno-squamous

carcinoma, one case

Survival Functions

101 = kif2a
= o
1 7 \\ﬁ_‘_‘_‘ —+ 2)-censoud
k | +=1-censored
0.5 i B AR ey
Y g
T o6 ‘ L,
£ - "
@ L
£
3 047
02
Log Rank, Chi-Square=16.800, P<0.001
0.0
T T T T
0 20 40 60
month
Survival Functions
109 = CEA
— L -0
\L\\H_L *':)-censored
~+—1-censored
08 e
L o S
T o6
z
3
"
£
3 04 L i n
02
Log Rank, Chi-Square=11.471, P=0.001
0.0
T T T T
0 20 40 60
month

Fig.3 Kaplan—Meier survival curves of CRC patients. a Overall survival
rate in patients with high KIF2A expression in cancer tissues (/) was
significantly decreased in comparison with those with no or low KIF2A
expression (0). b Patients with poorly differentiated tumors (2) tended to
have significantly lower overall survival rate than that patients with

@ Springer

Survival Functions

1.0 1 TNM
1 1
2
3
L —+1-censored
- - 2-censored
op TR 3-censored
—
_ T+
g 0.6
<
3
7]
£
3 04
0.2
Log Rank, Chi-Square=21.303, P<0.001
0.0
T T T T
0 20 40 60
month
Survival Functions
Differentiation

H : -
. 2

T +-1-censored

N —+— 2-censored

0.8 L‘
_I

et

Ty
FHHH

Cum Survival

Log Rank, Chi-Square=10.878, P=0.001

0.0

0 20 “ 60

month
moderately to highly differentiated tumors (/). ¢ Advanced TNM stage
(I (2); HI+1IV (3)) significantly worsened overall survival when
compared with early TNM stage (0-I (/)). d Patients with high
preoperative CEA level (/) displayed significantly poorer prognosis
than those with low preoperative CEA level (0)



Tumor Biol. (2015) 36:8895-8902

8901

that high KIF2A protein expression significantly decreased
life span of patients with CRC. Moreover, poor tumor differ-
entiation, advanced TNM stage, and high preoperative CEA
levels also independently denoted adverse clinical outcomes
of CRC, which was in line with previous studies.

Although few investigations have explored the role of
KIF2A in cancers, there are some published findings in
accordance with our results. Wang et al. studied the role
of KIF2A in carcinogenesis and progression of breast can-
cer and found that KIF2A expression in breast cancers
exceeded its expression in normal adjacent tissues, and
KIF2A expression negatively correlated with the survival
time of breast cancer patients [20]. Likewise, high expres-
sion of KIF2A was more frequently detected in the squa-
mous cell carcinoma of the oral tongue (SCCOT) than in
the corresponding adjacent tissues [19]. Moreover, the el-
evated KIF2A expression correlated with progressive phe-
notype of SCCOT [19]. Numerous studies indicated that a
number of kinesin proteins were deregulated in a variety of
human cancers, including KIF2A, MCAK, KIF4A, and
KIF14 [14, 29]. However, the underlying mechanism by
which overexpression of KIF2A contributes to cancer pro-
gression remains unclear.

KIF2A is a microtubule (MT)-based motor protein (a mem-
ber of the kinesin-13 family) and MT depolymerase, which is
known to be involved in mitosis and cytokinesis, particularly
for spindle formation [30]. MTs, the essential dynamic struc-
tural elements of the cytoskeleton, are well-known for their
crucial roles in mitosis, cell migration, cell signaling, and traf-
ficking [31]. Therefore, it is biologically plausible that over-
expression of KIF2A may be engaged in carcinogenesis by
regulating the status and function of MTs. Ganem et al. found
that KIF2A-knockdown cells were not able to progress
through the cell cycle, and these cells misguidedly yielded
dysfunctional monopolar spindles, instead of normal bipolar
spindles. Consequently, chromosome mis-segregation oc-
curred in cells [17]. The KIF2A deficiency-induced
monopolar spindle formation and cell proliferation inhibition
were also verified in different human cell lines and Xenopus
eggs [18, 30]. In terms of cancer cells, KIF2A silencing sig-
nificantly suppressed proliferation of breast cancer cell line
MDA-MB-231 cells [20]. The same study also indicated that
cancer cells treated with KIF2A-siRNA exhibited significant-
ly reduced migration and invasion capacity as compared to
control cells [20]. KIF2A silencing was also shown to impair
migratory ability of tongue squamous cell carcinoma cell line
Tca8113 cells [19]. These findings suggested that KIF2A
might regulate some activities of cells. Nonetheless, thus far,
there is no direct in vitro evidence of how overexpression of
KIF2A influences cancer cell behaviors.

Interestingly, it was recently reported that siRNA-mediated
KIF2A silencing inhibited phosphatidylinositol-3-kinase
(PI3K)/AKT pathway in Tca8113 cells and led to cell

apoptosis [21]. PI3K is a lipid kinase. Once stimulated,
PI3K sequentially activates protein kinase B (Akt) as well as
downstream signaling cascades to regulate multiple important
cellular events, such as proliferation, survival, apoptosis, and
migration [32, 33]. Excessive activity of PI3K/AKT signaling
pathway has been implicated in carcinogenesis of a variety of
human cancers [34]. Collectively, these findings suggested
that KIF2A might promote tumor growth and invasion partial-
ly through stimulating PI3K/AKT signaling pathway. In spite
of the interesting findings, limitations of this study were need-
ed to be addressed. We lacked in vitro data to verify our results
and did examine the function of KIF2A in the CRC cell lines.
The potential mechanisms underlying the oncogenic effects of
KIF2A in CRC are also needed to be clarified in the future.
In summary, the current study demonstrated that KIF2A
was significantly more highly expressed in cancer tissue than
cancer-adjacent normal tissues. High KIF2A expression was
significantly associated with advanced CRCs and might serve
as an unfavorable prognostic biomarker for CRC. In the fu-
ture, larger well-designed studies are warranted to verify the
prognostic and therapeutic value of KIF2A in CRC.
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