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ABSTRACT
C-terminus kinesin motor KIFC1 is known for centrosome clustering in cancer cells
with supernumerary centrosomes. KIFC1 crosslinks and glides on microtubules (MT) to
assist normal bipolar spindle formation to avoid multi-polar cell division, which might
be fatal. Testis cancer is the most common human cancer among young men. However,
the gene expression profiles of testis cancer is still not complete and the expression
of the C-terminus kinesin motor KIFC1 in testis cancer has not yet been examined. We
found that KIFC1 is enriched in seminoma tissues in both mRNA level and protein level,
and is specifically enriched in the cells that divide actively. Cell experiments showed
that KIFC1 may be essential in cell division, but not essential in metastasis. Based on
subcellular immuno-florescent staining results, we also described the localization of
KIFC1 during cell cycle. By expressing ΔC-FLAG peptide in the cells, we found that the
tail domain of KIFC1 might be essential for the dynamic disassociation of KIFC1, and
the motor domain of KIFC1 might be essential for the degradation of KIFC1. Our work
provides a new perspective for seminoma research.

amount of free tubulins in human breast cancer. So KIFC3
is thought to contribute to docetaxel resistance [3]. KIFC1
is known for its centrosome clustering in multi-centrosome
cells, organizing multi-polar spindles into pseudo-bipolar
spindles to avoid multi-polar division [4]. Therefore, KIFC1
is considered to be a new-generation chemotherapy target
for cancer, as it plays important roles in cancer cell division,
which usually possess more than two centrosomes, but is
not as important in normal cells [5–7]. Meanwhile, KIFC1
is also found to be enriched in numerous of cancer types
[8–14], but there is no report on testis cancers. Hence, three
different small molecule inhibitors specifically targeting
KIFC1 have been designed [15–17]. As KIFC1 is known for
handling with supernumerary centrosomes, it is also thought
to be linked with cell migration [18] and chromosome
instability [19]. Other functions of KIFC1 in cancer cells
including driving tumor malignancy by interacting with

INTRODUCTION
Testis cancer is the most common cancer type
among young men, and seminoma is one of the most
common testis cancers in the world. Unfortunately,
however, the incidence rates of testis cancers continue to
increase, while most of the other cancers are reported to
tend to be stable or declining from 2003 to 2013 [1]. And
in United States alone, there are up to 8,720 new cases
estimated in 2016 [1]. Moreover, gene expression profiles
of testis cancers are not yet well established.
Human kinesin-14 family member proteins, whose
motor domain is on C-terminus, moves along the MT
towards the minus ends instead of the plus ends as other
kinesins do [2], include KIFC1, KIFC2 and KIFC3. It has
been reported that human KIFC3 is highly expressed in
human docetaxel resistant breast cancers, and increases the
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cyclins [20] and inducing drug resistance against taxane
[21] and tamoxifane [22] in breast [9] and/or prostate cancer
[21]. KIFC1 is also observed to be linked with metastasis in
NSCL (non-small cell lung cancer) [12] and triple-negative
breast cancer [23]. Besides, KIFC1 is also found functional
in normal cell types. It is found to be essential in vesicular
and organelle trafficking [24–27], spermiogenesis [28],
oocyte development [29] and embryo gestation [30].
There are several explanations for the upregulation of KIFC1 in breast cancers. kifc1 gene is on
chromosome 6, and is found amplified relative to the
number of chromosome 6 centromere [20]. Specifically
in estrogen-receptor positive breast tumors cells, the upregulation of KIFC1 is also related to a transcription factor
p110 CUX1 [31, 32]. KIFC1 might also be decreased with
the repression of bromodomain protein ANCCA (AAA
nuclear coregulator cancer associated) [22].
Here we show that KIFC1 is also enriched in human
seminoma tissues and might facilitate the proper division
of seminoma cell division. We also show that the function
of KIFC1 is more than centrosome-clustering and MT
organization. KIFC1 might also be involved in lining up
the chromosomes, trafficking of organelles during cell
cycle, and the length of the anaphase. We also show that
the tail domain of KIFC1 might be essential for both the
dynamic disassociation of KIFC1, and the ubiquitination
site of KIFC1 might be on the motor domain.

There was no detectable KIFC1 expression in muscle
tissues, and the KIFC1 protein level in seminoma tissues
was also significantly higher than that in testis tissues.
The high expression of KIFC1 in seminoma tissue
indicates its possible importance, so we continued to
explore the localization of KIFC1 of both seminoma and
testis tissue samples. HE staining of human muscle (Figure
1C, 1D) and testis (Figure 1E, 1F) near the seminoma
tissue and the seminoma tissue (Figure 1G, 1H) show
different histological properties of different tissue types.
The unique structure of testis convoluted tubule disappears
in the seminoma. Compared with muscle tissue and testis
tissue, the cells are round and of even sizes. The nuclei
are large and at the middle of the cell (Figure 1C-1H).
Figure 1I shows the transition of the seminoma to the
muscle, Figure 1J shows the invasion of the cancer cells
into the testis.
Figure 2 shows the distribution of KIFC1 in
different human tissues. In both testis and seminoma
tissues, KIFC1 and tubulin show obvious co-localization.
This indicates that KIFC1 mainly functions on MT. While
KIFC1 is omnipresent in all kinds of cells, in testis tissues,
KIFC1 signal mainly concentrated in spermatocytes,
which corresponds to previous findings of our lab in
researches of KIFC1 in invertebrates [38, 39]. Specifically,
in seminoma tissue, KIFC1 signal tends to be concentrated
around the nucleus with less intense DNA. This indicates
that KIFC1 may possess a unique role during cell cycle

RESULTS

Loss-of-function of KIFC1 in cancer cells

KIFC1 is significantly enriched in human
seminoma tissue samples

To further illustrate KIFC1’s role in cancer cells, we
continued to explore the loss-of-function of KIFC1 while
cell division. We designed and synthesized 3 different
siRNAs to knock down KIFC1 in cells (Table 2). Western
blot results show that we can successfully knock down
KIFC1 in HeLa cells, and the knocking down efficiency is
of gradient (Figure 3A). The knocking down efficiency is
in the following order: KIFC1-KD2>KIFC1-KD1>KIFC1KD3 (Figure 3B). After the knock down of KIFC1, we
observe several abnormalities of the cells. It seems that
in the prophase the cells are having difficulty in forming
only two MTOC (microtubule organizing center) (Figure
3E-3H, 3I-3L). The occurrence of multi-pole spindle is
significantly increased (Figure 3M-3P, 3Q-3T, 3U-3X),
which corresponded to findings from former researches
[40]. And the lining up of the chromosomes in metaphase
is also disrupted (Figure 3M-3P, 3Q-3T). The occurrence
of anaphase cells is significantly increased, indicating
that the anaphase is prolonged (Figure 3E-3H). We next
examine the influence of KIFC1 on proliferation ability of
the cells. We found that the proliferation rate of the cells
with KIFC1 knocked down is decreased in total (P<0.05)
(Figure 3C). The curve KIFC1-KD is an intergradation of
the data from KIFC1-KD1, KIFC1-KD2 and KIFC1-KD3.
As for KIFC1 dose response on the migration ability of the

Pannu et al. performed an in silico research to
examine KIFC1 protein level of various of human
tumors and found that KIFC1 was significantly enriched
in lung, breast, glioblastoma, colon and cervical tumors
compared to their corresponding normal tissues [20].
However, there are no data relating to testis cancer, which
is the most common cancer among young men. Gene
expression profiles of normal testis tissue are also not
complete on database such as GEO (Gene Expression
Omnibus), TCGA and ICGA. So the first thing we did was
to evaluate and compare the KIFC1 expression level in
muscle, testis and seminoma tissue to determine whether
KIFC1 is also important in testis cancer development. We
first used semi-quantitative RT-PCR to detect endogenous
kifc1 mRNA level in human tissue samples. A 358-bp
cDNA fragment of kifc1 was amplified in muscle, testis
and seminoma tissues (Figure 1A). We found that kifc1
mRNA was highly expressed in both testis (by 2.79 folds)
and seminoma tissues (by 11.16 folds, and the expression
in seminoma tissues was also significantly higher than
that in testis tissue. We then used western blot to quantify
the endogenous protein expression level of KIFC1 among
human muscle, testis and seminoma tissues (Figure 1B).
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61374

Oncotarget

cells, contrary to what happened in NSCL [12], it seems
that KIFC1 does not have a significant influence on the
migration rate of the HeLa cells (Figure 3D).

the nucleus immediately after it is synthesized along the
progression of the prophase (Figure 4C, 4D). KIFC1 is
significantly co-localized with the spindle during the
metaphase and the anaphase, but there are also free
KIFC1 molecules wandering in the cytoplasm (Figure
4E-4G). Finally, KIFC1 signal vanishes in the telophase
(Figure 4H).

Localization of KIFC1 during cell cycle
To this point, it’s fair to say that KIFC1 is able
to facilitate proper cell division of cancer cells, so our
next step was to explore the action of KIFC1 during
cell cycle so as to find out how KIFC1 functions. So we
next examined the localization of endogenous KIFC1
during cell cycle by immune-florescent staining. During
the interphase and early prophase, KIFC1 protein level
is barely detectable (Figure 4A, 4B). The KIFC1 signal
then becomes intense and immediately transported into

Function analysis of KIFC1 motor domain/
Expression of ΔC-pCMV-N-FLAG plasmid
To further explore the function of each domain of
KIFC1, we constructed and successfully expressed the
ΔC-pCMV-N-FLAG plasmid in the cells (Figure 5A).
This plasmid expresses a FLAG-tagged KIFC1 with

Figure 1: KIFC1 is enriched in human seminoma samples in both mRNA and protein level. (A) Comparison of mRNA expression

level among human muscle (mus), testis (tes) and seminoma (sem) tissue samples. kifc1 mRNA is enriched in seminoma samples. (B) Comparison
of protein expression level among human muscle (mus), testis (tes) and seminoma (sem) tissue samples. KIFC1 protein is enriched in both testis
samples and seminoma samples, and KIFC1 protein expression level of seminoma samples is significantly higher than that of testis samples. (CJ) HE staining results of human muscle tissues (C, D) and testis tissues (E, F) near the seminoma tissue and the seminoma tissue (G, H) from
seminoma patient. (I) The transition of the seminoma to the muscle tissue. (J) The invasion of the cancer cells into the testis tissue. Black arrows
show infiltrating lymphocytes. Blue arrows show seminiferous tubules of normal testis tissue. Red arrows show cancer cells. Yellow arrow shows
muscle tissue. In the both testis and seminoma, a number of lymphocyte infiltration with bleeding are showed. In seminoma tissues, compared with
normal tissues, seminiferous tubules were disrupted and replaced by seminoma cells with loose nuclei and watery cytoplasm.
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Table 1: Primers used in the study
Primer name

Sequence

Purpose

A KIFC1XYX-F2

AGAAACCCAGCAAACGTCCA

Semi-quantitative RT-PCR for endogenous
kifc1

B KIFC1XYX-R2

AGTTGGGACATCAGTCCCCT

Semi-quantitative RT-PCR for endogenous
kifc1

C GADPH-F

ACCACAGTCCATGCCATCAC

Internal control of semi-quantitative RT-PCR

D GADPH-R

TCCACCACCCTGTTGCTGTA

Internal control of semi-quantitative RT-PCR

E

KIFC1KC-XYX-F1 CCGCTCGAGATGGATCCGCAGAGGTCCCC Construction of ΔC-pCMV-N-FLAG plasmid

F

KIFC1KC-XYX-B1 TGCTCTAGAGCCCTTGAGTTCCTGCAGCTG Construction of ΔC-pCMV-N-FLAG plasmid

G M13F

CGCCAGGGTTTTCCCAGTCACGAC

Colony PCR when constructing the Δ
C-pCMV-N-FLAG plasmid

H M13R

AGCGGATAACAATTTCACACAGGA

Colony PCR when constructing the Δ
C-pCMV-N-FLAG plasmid

motor domain truncated. And this domain is also known
as the non-catalytic MT binding domain. The control
FLAG signal in immune-florescent staining result
showed that the FLAG peptide itself distributes in the
cell evenly in different stages during cell cycle, whereas
the ΔC-FLAG peptide does not (Figure 5E-5K). ΔC-

FLAG peptide starts to be expressed in interphase and
then immediately be transported into the nucleus just
like what endogenous KIFC1 is (Figure 5D, 5F, 5G).
However, ΔC-FLAG peptide fails to be co-localized
with the spindle during metaphase as well as telophase
(Figure 5I, 5J). It continues to fail to be degraded in the

Figure 2: Localization of KIFC1 in seminoma tissue samples and nearby testis tissue samples from human determined
by immuno-florescent staining. KIFC1 is omnipresent in both seminoma samples and testis samples and co-localizes with MT. White

arrows show seminoma cells with loose nuclei and watery cytoplasm, in which KIFC1 signal is strong. Yellow arrows show other cells
such as lymphocytes, in which KIFC1 signal is weak. Compared with normal testis tissue, in seminoma tissues the characteristic structure
of seminiferous tubules is completely disrupted, and KIFC1 has a tendency to be concentrated around the loose nuclei.
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telophase, and even continues to exist in daughter cells
(Figure 5J, 5K).
We next examined the proliferation ability and
the dynamic behavior of cells with expressed ΔC-FLAG
peptide. Paired t test showed that the proliferation rate of
cells with expressed ΔC-FLAG peptide is significantly
higher than control group (p<0.05), and the migration
rate determined by wound-healing assay of cells with
expressed ΔC-FLAG peptide is also significantly higher
than control group (p<0.05).

mRNA and protein in different tissue samples indicate that
kifc1 expression might be regulated and elevated mainly
at transcription level in seminoma cells. At the meantime,
we still cannot rule out the possibility that KIFC1 can also
be up-regulated at the translation level. An interesting
explanation of the enrichment of KIFC1 in cancer cells is
that kifc1 gene is observed to be amplified in HeLa cells
[20], so the amplified kifc1 gene might also amplify the
mRNA transcribed. However, how KIFC1 is up-regulated
still need further illustration.
KIFC1 is vastly distributed in both seminoma and
testis tissue samples (Figure 2). It is not surprising to find
KIFC1 in human testis samples, as it is long found that
KIFC1 is essential in acrosome formation in mouse testis
with its vesicle trafficking activity [28]. However, according
to HE staining of seminoma and testis tissue samples,
the unique structures of testis are totally disappeared in
seminoma tissues (Figure 1C-1J), which means that the
KIFC1 should have been used for acrosome formation in

DISCUSSION
KIFC1 may be essential in seminoma cell division
We are the first to test and find out that KIFC1 is
significantly enriched in seminoma tissue samples in both
mRNA level (Figure 1A) and protein level (Figure 1B).
The correspondence of the increasing expression level of

Figure 3: Knock down of KIFC1 in HeLa cells by RNAi. (A) WB analysis of knock down efficiencies using three different sets of

siRNA. (B) Localization of KIFC1 in HeLa cells determined by immuno-florescent staining. (C) Quantification of WB band intensity from
(A). The knock down efficiency is as follows: KD2 > KD1 > KD3. (D) Growth curve of cells with KIFC1 knock down. The negative control
is transfected with siRNA targeting GFP. A=A450-A650, and A0 represents the A value at the time point of 0. (E-X) Dynamic behavior of
cells with different levels of KIFC1 knock down was determined by wound-healing assay.
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mammalian testis is no longer used for the same purpose
in seminoma tissue, instead, the amount of KIFC1 in
seminoma tissue is not decreased. This further indicates
that KIFC1 must have unique role in seminoma cells.
Immuno-florescent result further indicate that KIFC1 tends
to concentrate around less condense nuclei, which normally
represents for active cell division. To this end, we conclude
that KIFC1 might be essential in seminoma cell division.

might be essential in proper cancer cell division. From
previous studies, the knock down of KIFC1 can increase
the ratio of multi-pole spindles as shown in Figure 3E-3X
[40], and the overexpression of KIFC1 should increase the
ratio of mono-polar spindles [37]. However, mono-polar
spindles are hard to detect in both cells with ΔC-pCMV-NFLAG and cells with pCMV-N-FLAG negative control. This
corresponds to the fact that the motor domain of KIFC1 is
essential for its crosslinking and gliding on MT [33]. Given
the fact that the overexpression of ΔC increases the cell
proliferation (Figure 5C), the way KIFC1 shortens the cell
division cycle may not limited to its function on spindle [20].
KIFC1’s activity on MT beside spindle and/or its interaction
with cell cycle proteins may also contribute.

KIFC1 may be essential in cell division, but not
essential in metastasis in HeLa cells
The loss-of-function of KIFC1 in cancer cells renders a
lowered proliferation rate (Figure 3C), indicating that KIFC1

Figure 4: Localization of KIFC1 during cell cycle in HeLa cells determined by immuno-florescent staining. (A-H) KIFC1 is

rapidly transported into and concentrated in the nucleus upon synthesized. In metaphase, KIFC1 is mainly localized on the spindle, but some of it
also spread in the cytoplasm. Later on, KIFC1 is degraded after mitotic exit. (I) A model illustrating the localization of KIFC1 during the cell cycle.
www.impactjournals.com/oncotarget
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During the cell cycle, KIFC1 may also contribute
to the lining up of the chromosomes on the metaphase
plate as the placing of chromosomes on metaphase plate
is observed to be disrupted with KIFC1 knock down
(Figure 3E-3X). This deduction is supported by the fact
that the depletion of KIFC1 can rescue the poleward
movement of chromosomes in cells depleted of B56 family
proteins [41]. Besides, APC/CCDH1 (anaphase promoting
complex/cyclosome), an E3 ligase which interacts
with KIFC1 [37], is thought to regulate chromosome
segregation [42] probably by facilitating degradation of
securin, cyclin B [43] and separase inhibitors [20, 42, 44,
45]. The fact that KIFC1 is also modulated by anaphase
promoting complex APC/CCDH1 indicates KIFC1 may also
have roles beyond MT organization. Our result that the
anaphase is prolonged after the knock down of KIFC1
(Figure 3E-3X) also supports this deduction.

KIFC1 is reported to be essential in metastasis of
both NSCL as well as triple-negative breast cancer [12,
23]. However, according to our wound-healing assay
results for cells with different levels of KIFC1 knocked
down (Figure 3D), the knock down of KIFC1 seems to be
non-essential for cell migration.

Localization and function of KIFC1 during
cancer cell cycle
Based on immuno-florescent staining results (Figure
4A-4H), we are able to propose a model of activity of
KIFC1 during cancer cell cycle (Figure 4I).
KIFC1 becomes detectable during prophase. In the
prophase, KIFC1 is perfectly co-localized with DAPI.
This indicates two conclusions. For one thing, KIFC1 can
be exported into the nucleus during the prophase. While

Figure 5: FLAG-tagged ΔC in HeLa cells. (A) FLAG-tagged ΔC can be expressed in HeLa cells. (B) Localization of pCMV-N-FLAG

plasmid (control) and FLAG-tagged ΔC during cell cycle in HeLa cells determined by immuno-florescent staining. (C) Growth curve of
cells transfected with FLAG-tagged ΔC or transfected pCMV-N-FLAG plasmid (control). (D) Dynamic behavior of cells transfected with
FLAG-tagged ΔC or transfected pCMV-N-FLAG plasmid (control) determined by wound-healing assay. (E-K) Endogenous KIFC1 will be
entering the nucleus and finally be concentrated in the nucleus during prophase.
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Table 2: Oligos used for RNAi in the study
Oligo name
KIFC1-KD1

KIFC1-KD2

KIFC1-KD3

Negative

Sequence
KIFC1si1-1

GATCACTAATACGACTCACTATAGGGCAAGCTACGTAGAGATCTATT

KIFC1si1-2

AATAGATCTCTACGTAGCTTGCCCTATAGTGAGTCGTATTAGTGATC

KIFC1si1-3

AACAAGCTACGTAGAGATCTACCCTATAGTGAGTCGTATTAGTGATC

KIFC1si1-4

GATCACTAATACGACTCACTATAGGGTAGATCTCTACGTAGCTTGTT

KIFC1si2-1

GATCACTAATACGACTCACTATAGGGCCTCAACTCTCTACGCTTTTT

KIFC1si2-2

AAAAAGCGTAGAGAGTTGAGGCCCTATAGTGAGTCGTATTAGTGATC

KIFC1si2-3

AACCTCAACTCTCTACGCTTTCCCTATAGTGAGTCGTATTAGTGATC

KIFC1si2-4

GATCACTAATACGACTCACTATAGGGAAAGCGTAGAGAGTTGAGGTT

KIFC1si3-1

GATCACTAATACGACTCACTATAGGGGGACTTAAAGGGTCAGTTATT

KIFC1si3-2

AATAACTGACCCTTTAAGTCCCCCTATAGTGAGTCGTATTAGTGATC

KIFC1si3-3

AAGGACTTAAAGGGTCAGTTACCCTATAGTGAGTCGTATTAGTGATC

KIFC1si3-4

GATCACTAATACGACTCACTATAGGGTAACTGACCCTTTAAGTCCTT

GFPsi-1

GATCACTAATACGACTCACTATAGGGGGGATGTCTCACATCTTGTTT

GFPsi-2

AAACAAGATGTGAGACATCCCCCCTATAGTGAGTCGTATTAGTGATC

GFPsi-3

AAGGGATGTCTCACATCTTGTCCCTATAGTGAGTCGTATTAGTGATC

GFPsi-4

GATCACTAATACGACTCACTATAGGGACAAGATGTGAGACATCCCTT

the reason why KIFC1 has to be in the nucleus remains
unknown, our speculation is that this might relate to bare
double-stranded DNA transportation activity of KIFC1 [46].
Our result also shows that ΔC-pCMV-N-FLAG can still be
transported into the nucleus during the prophase (Figure 4).
These correspond to previous study that mammalian KIFC1
is associated with importin β, which is known for transporting
proteins into the nucleus by binding to nuclear localization
sequences (NLS), in mouse testis [28]. And also the
interaction sequence NLS on KIFC1 with importin β is
identified to localize on the tail domain [33, 47]. For another,
KIFC1 might be exported into the nucleus right after it is
synthesized. In metaphase and anaphase, KIFC1 co-localizes
with the spindle, indicates that the main function of KIFC1
is on microtubule. This correspond to the indicated main
function of KIFC1, that KIFC1 crosslinks the MT [33–36].
However, besides concentrated on the microtubule, KIFC1 is
also observed to be distributed in cytoplasm. This indicates
that the binding between KIFC1 and MT might be dynamic.
This speculation is further supported by our result that ΔCFLAG peptides can no longer co-localize with the spindle
(Figure 5E-5K). The distribution of KIFC1 in cytoplasm
can also indicate that KIFC1 might bind to MT that does not
participate in spindle formation as well. Our speculation is
that KIFC1 might transport organelles such as ER, vesicles
and even mitochondria. This speculation is also supported by
the fact that KIFC1 is recruited during trafficking of early
endocytic vesicles in human liver cells [48, 49]. In telophase
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and after the mitotic exits, KIFC1 accomplishes its duty and
is subsequently degraded.

CONCLUSIONS
Our work here indicates that KIFC1 participates
in facilitating proper division of seminoma cancer cells.
KIFC1 may be essential for cancer cell division but
may not be essential for cell migration of HeLa cells.
The functions of KIFC1 during cell division are beyond
MT organization. KIFC1 might also be essential for the
lining up of the chromosomes on the metaphase plate,
the trafficking of organelles during cell cycle, and KIFC1
can also regulate the length of the anaphase and mitotic
exit. The tail domain of KIFC1 might be essential for the
dynamic disassociation of KIFC1 and KIFC1’s entrance
into the nucleus, and the motor domain of KIFC1 might
be essential for the degradation of KIFC1.

MATERIALS AND METHODS
Human tissue and cell culture
Human seminoma tissues, testis tissues and muscle
tissues were obtained after the “Patient Consent Form”
were signed and documented by the First Hospital of
Zhejiang Province (The First Affiliated Hospital of
Zhejiang University) under a protocol issued to Dr. Fu-
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Qing Tan. These samples were obtained from surgeries for
treating seminoma from one patient. Fresh samples were
identified and dissected on ice and conserved in either iced
PBS (phosphate buffer saline solution, pH 7.4) or iced PFA
(PBS with 4% paraformaldehyde). Some samples kept in
PBS were immediately used for RNA extraction, the rest
of the samples kept in PBS were kept at -20 °C for protein
extraction, and the samples kept in PFA were immediately
used for frozen section.
We cultured HeLa cells with Gibico® DMEM
supplemented with 10% of Gibico® FBS and penicillin/
streptomycin at 37°C with 5% CO2 incubation.

in 5% skimmed milk in PBST (PBS with 1%BSA and
0.05% Tween 20) for 1 h, and then incubated in specific
primary antibodies with recommended dilution at 4°C
overnight. Washed the blot again with PBST and incubated
with secondary antibodies with recommended dilution at
room temperature for 1 hour. Developed the blot with
eECL Western Blot Kit (CWBio) and imaged them
with Tanon-5200 (Shanghai sky Technology Co., Ltd.).
Monoclonal Rabit anti-KIFC1 antibody was purchased
from Abcam and was used 1:1000. The Mouse polyclonal
anti-β-actin antibody was obtained from BBI Lifescience
and was used 1:2000. The FLAG Tag Rabbit Polyclonal
Antibody was obtained from Beyontime and was used
1:750. The HRP-labeled Goat Anti-Rabbit IgG (H+L)
and HRP-labeled Goat Anti-Mouse IgG(H+L) were both
obtained from Beyotime and were used 1:2000.

RNA extraction and reverse transcription
Total RNA samples were prepared from human
tissue samples including muscle, testis and seminoma
lysed by RIPA Lysis Buffer (Beyotime). The lysates were
then dissolved in RNAiso Plus (TaKaRa BIO INC), and
then extracted with chloroform (Sinopharm Chemical
Reagent Co., Ltd). Isopropyl alcohol (Zhejiang Hangzhou
Shuanglin Chemical Reagent Factory) was then added to
the supernatant to precipitate the RNA. The RNA pellets
were then washed with cold 100% and 75% ethanol
(Sinopharm Chemical Reagent Co., Ltd). Pure RNA
pellets are dissolved in RNase free water and stored at
-40°C. The reverse transcription was conducted with
PrimerScript™ RT Kit (TaKaRa BIO INC.) to establish
cDNA profiles of each tissue samples.
Two specific primers of KIFC1 were designed by
NCBI BLAST Primers to detect the endogenous amount
of kifc1 mRNA (Table 1A, 1B). Two specific primers of
GADPH were designed as the loading control (Table 1C, 1D).
Three different tissues (muscle, testis, seminoma) and
three samples of each were used for this assay. The PCR
procedures were as follows: 94°C for 5 min; 34 cycles of
94°C for 30s, 55°C for 30s, 72°C for 30s; 72°C for 10min.
The PCR products were detected by agar gel electrophoresis.
The results were analyzed with ImageJ and GraphPad Prism
6 software.

RNA interfering
Preparation of siRNAs
We used TaKaRa in vitro Transcription T7 Kit to
synthesize the siRNAs of interest. Three different sets of
oligos were designed for knocking down of endogenous
KIFC1, and one set of oligos were designed for negative
control (Table 2). The negative control oligos are targeting
GFP, which is not existed in human. These oligos were
designed and the siRNAs of interest were synthesized
following TaKaRa in vitro Transcription T7 Kit protocol.
Transfection
We used Invitrogen™ Lipofectamine® 3000 Kit
to transfect synthesized siRNA into 24-well plate tissue
cultures. For each well of cells, 0.75μl of Lipo3000 was
diluted in 25μl of Gibico® Opti-MEM; 500ng of siRNA
were diluted in 25μl of Gibico® Opti-MEM. We mixed the
diluted Lipo3000 and diluted siRNA well and incubated
for 5min. We added the mixed liquid into one well of cells
(confluence 70%-90%), incubated the cells in 37°C with
5% CO2 for 24 hours and then used the cells for further
analysis.

Protein extraction

Overexpression of recombinant plasmids in cells

The tissues temperately conserved in PBS on
ice were lysed in a RIPA Lysis Buffer (Beyotime) with
proteinase inhibitors on ice for 20 min using homogenizer
workcenter (IKA® T10 basic). Then we spanned the lysate
at 14,000g for 10 min at 4°C, collected the supernatant,
added sample buffer, and boiled at 95°C for 7min. The
samples were stored at -40°C and were now ready to be
subjected to SDS-PAGE.

Construction of recombinant plasmids
One set of primers (Table 1E, 1F) were used to
amplify the kifc1 gene with truncated motor domain
(ΔC) from testis cDNA profile with PrimerSTAR® HS
DNA Polymerase (TaKaRa). The PCR procedures were
as follows: 34 cycles of 98°C 15s and then 68°C 2min.
The PCR product was then tested on the agrose gel and
purified with SanPrep column PCR Purification Kit
(Sangon Biotech). Digest the PCR product and the pCMVN-FLAG with final concentration of 0.75U/μl restriction
endonucleases (each): XhoI and XbaI (TaKaRa). We used
TaKaRa T4 ligase Kit for ligation overnight at 18°C and
transformed the ligation reaction into DH5α. We used one

Western blot
The samples were run in 5% of spacer gel and 10%
of separation gel. The proteins were then transferred to a
PVDF membrane (Immobilon®-P). The blot was blocked
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Cell counting

set of primers that are priming at sequence on the pCMVN-FLAG backbone (Table 1G, 1H) to do the colony PCR
for screening, and sequencing was performed by Biosune.
We then use EZNA Plasmid Miniprep Kit II (Omega) to
prepare endotoxin-free plasmids.

We used Cell Counting Kit-8 (Beyotime) to draw
the growth curves of the treated cells. We seeded 10002000 cells (with siRNA or plasmid transfected) with
200μl culture media into each well of 96-well plate. The
cells were cultured for 6h and then let them attach to the
plates. Then we cultured the cells for another 0h, 6h, 18h,
30h, 42h and 54h (5 replicates for each group), and added
10μl of CCK-8 solution from the kit, incubated for 30min
at 37°C with 5% CO2, and used synergy™ H1MultiMode Reader to perform DWSP (double-wavelength
spectrophotometry), detecting the OD value under the
450nm as well as the A650 wavelength. The ultimate
value A=A450-A650.

Transfection
We used Invitrogen™ Lipofectamine® 3000 Kit to
transfect the ΔC-pCMV-N-FLAG plasmid into 24-well
plate tissue cultures. Transfected pCMV-N-FLAG plasmid
was used as a control.

Immuno-fluorescent staining
Frozen section and tissue slides preparation
Three different tissues (muscle, testis and seminoma)
were first cut into 8mm3 pieces, then fixed in PFA for 4h
at 4°C, and then dehydrated in 0.5M sucrose solution for
4-8h (renew the total volume of 0.5M sucrose solution
once). The fixed and dehydrated tissue pieces were
then embedded in OCT (opti-mum cutting temperature
compound) compound and stored in -40°C. The samples
were sectioned to 5μm and mounted on polylysine-coated
slides. The prepared samples were stored at -40°C.

Wound-healing assay
We cultured the treated cells in 12-well plate until
they reached 100% confluence. Then we used a 200μl
pipette tip (yellow) to make a straight scratch. The
cells were culture for 0h, 6h, 12h, 24h, 36h and 48h (3
replicates for each group). We observed the cells under
the Phase-Contrast Inverted microscope (Olympus) and
measured the area of the gap using ImageJ. The migration
rate of the cells ∝ A0-A.

Cell slides preparation
100ul glutin were added into each well of 24-well
plate and incubate for 30min at 37°C with 5% CO2, and
were then removed. We then plated one slide of round
cover glass slide into each well and seeded the cells.
The cells slides that were ready for immune-florescent
staining were fixed with 4% PFA for 15min and then
we washed the slides with cold PBS. The cells on the
slides were permeablized with 0.25% TritonX-100/PBS
for 10min and then were washed again with cold PBS.
The prepared samples were used for immune-florescent
staining immediately.
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Immuno-florescent staining
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