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Abstract

Objective: Previously, it has been shown that KIF14 mRNA is overexpressed in ovarian cancer (OvCa), regardless of
histological subtype. KIF14 levels are independently predictive of poor outcome and increased rates of recurrence in
serous OvCa patients. Furthermore, it has been shown that KIF14 also controls the in vivo tumorigenicity of OvCa
cell lines. In this study, we evaluate the potential of KIF14 as a therapeutic target through selective inhibition of
KIF14 in primary high-grade serous patient-derived OvCa cells.

Methods: To assess the dependence of primary serous OvCa cultures on KIF14, protein levels in 11 prospective high
grade serous ovarian cancer samples were increased (KIF14 overexpression by transfection) or decreased (anti-KIF14
shRNA) in vitro, and proliferative capacity, anchorage independence and xenograft growth were assessed.

Results: Seven of eleven samples demonstrated increased/decreased in vitro proliferation in response to KIF14
overexpression/knockdown, respectively. When examining in vitro tumorigenicity (colony formation) and in vivo growth
(subcutaneous xenografts) in response to KIF14 manipulation, none of the samples demonstrated growth in soft agar
(11 samples), or xenograft growth (4 samples).

Conclusions: Although primary high-grade serous OvCa cells may depend on KIF14 for in vitro proliferation we were
unable to demonstrate a role for KIF14 on tumorigenicity or develop an in vivo model for assessment. We have,
however developed an effective in vitro method to evaluate the effect of target gene manipulation on the
proliferative capacity of primary OvCa cultures.
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Introduction
Located on chromosome 1q32, KIF14 has been demon-
strated to be overexpressed at the genomic and gene ex-
pression levels in multiple cancers, including breast and
retinoblastoma [1], liver [2], renal papillary [3], lung [4],
and ovarian cancers (OvCas) [1,5-11]. Comparative gen-
omic hybridization (CGH) studies determined in breast,
ovarian, prostate, oesophageal, multiple myeloma and
hepatocellular carcinomas that gain in chromosome
1q32 correlated highly with recurrence and poor differ-
entiation, and this gain has been postulated as an early
or initiating event [12-18].
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KIF14 has been shown to be essential for the final phase
of cytokinesis [19,20]. A molecular motor and microtubule-
associated protein, KIF14 was shown to interact directly
with Protein regulating cytokinesis 1 (PRC1) and Citron
kinase (CIT), displaying a central organizing role in cyto-
kinesis [19]. High KIF14 mRNA expression is documented
in many cancers including hepatocellular [2,21,22] and la-
ryngeal carcinomas [23], while KIF14 expression levels
correlate with adverse features in papillary renal tumors
[3] and pancreatic carcinomas [24]. Furthermore, KIF14
expression has been associated with chemoresistance in
triple-negative breast cancers [25,26]. We have previously
shown prognostic significance of KIF14 mRNA in breast,
lung and ovarian cancers [5,27,28] and uncovered tran-
scriptional and epigenetic regulation of KIF14 overexpres-
sion in ovarian cancers [29].
KIF14 is overexpressed in the majority of primary OvCa

tumors regardless of stage. Close to 30% of serous OvCas
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displayed genomic gain of KIF14 that correlates with high
KIF14 overexpression, suggesting that KIF14 gain, when
present, may be an early event in the development of
serous OvCa [5]. KIF14LOW serous patients demonstrate a
significant survival advantage over KIF14HIGH patients en-
forcing the predictive value of KIF14 expression for out-
come of serous OvCa patients [5]. Previously, it has been
shown that overexpression of KIF14 in OvCa cell lines sig-
nificantly increased proliferation and the number of soft
agar colonies. KIF14 knockdown in the same immortal-
ized cell lines showed reduced proliferation, increased
apoptosis, and most importantly, significantly reduced col-
ony formation to a greater extent than proliferation [5].
Since KIF14 displays a favourable therapeutic ratio (very

low expression in adult tissues), knowledge of the exact
function(s) of KIF14 in the progression of OvCa may de-
fine an important therapeutic target. To conclusively dem-
onstrate the importance of KIF14 in promoting OvCa and
to develop KIF14 overexpression as a “high risk” marker
for OvCa, the next step was to study the implications of
KIF14 expression in the progression of primary OvCa tu-
mors derived from patients. In this study, we evaluated
the potential of selective KIF14 overexpression or inhib-
ition in primary high-grade serous patient-derived OvCa
cells.
Materials and methods
Clinical samples
Thirty fresh high-grade serous ovarian tumor samples
were obtained from OvCa patients admitted to the
Gynecological Oncology Clinic, Princess Margaret Hospital,
Toronto, ON. Tumor samples (or ascites fluid) were col-
lected at initial debulking surgery, prior to administra-
tion of chemotherapy, and released by the University
Health Network (UHN) Biobank, Toronto, ON. The UHN
Research Ethics Board approved this study, and all tissues
were banked with written informed consent. All UHN
Biobank tissues (adjacent H and E stained slides) were
reviewed by a gynecologic pathologist (PAS) to ensure that
released tissues were of high-grade serous histology, and
contained >80% tumor cells.
Primary derivative cultures of OvCa tissues
Samples destined for derivative cultures were immediately
taken to the laboratory where a small portion was reserved
for RNA and DNA isolation, and the remainder cultured
as previously described and commonly performed in our
laboratory [30]. Early-passage cells (passages 2–5) were
employed for our analyses, to avoid the induction of gen-
omic changes due to culture adaptation. This culture time
was sufficient to obtain cells for KIF14manipulations (yield
of several million cells within 2–3 passages) [30,31]. We
obtained 29 primary samples from the UHN Biobank.
From these, we were able to develop short-term in vitro
derivative cultures from 11 tumor samples.

RNA extraction and reverse transcription
Total RNA was extracted from primary tissues and cells by
homogenizing tissue through a syringe in TRIzol reagent
(Invitrogen, Mississauga, ON), followed by chloroform ex-
traction and isopropanol and ethanol precipitations. One
microgram of total RNA was used in reverse transcription
(RT) reactions, as previously described [5]. To confirm RT,
1 L of each reaction was tested in endpoint PCR for KIF14
and the housekeeping gene HPRT (hypoxanthine phos-
phoribosyl transferase) as described [5].

End-point and real-time PCR
For end-point PCR, 1 μL of the RT reaction was added
to a 25 μL PCR reaction containing 0.5 U Hot Start Taq
Polymerase (Fermentas, Burlington, ON), 0.2 mM dNTPs,
1.5 mM MgCl2 and KIF14 primers; cycling conditions
were previously described [5]. TBP was used as an en-
dogenous control, and products were visualized by gel elec-
trophoresis and ethidium bromide staining.
For real-time PCR, RT reaction products were di-

luted 10-fold with RNAse/DNAse-free ddH2O, and 1.5 L
was added to 1X TaqMan PCR master mix (Applied
Biosystems, Life Technologies, Carlsbad, CA) and 1X
TaqMan Gene Expression Assay primer-probe mix for
KIF14 (Hs00978216_m1). Mean expression of three
housekeeping genes was used as an endogenous control:
TBT (Tata-box binding protein, Hs_99999910_m1), HPRT
(Hypoxanthine phosphoribosyl transferase, Hs_99999909_
m1), and GAPDH (glyceraldehyde-3-phosphate dehydro-
genase, Hs_99999905_m1), due to their stable expression
in primary OvCa tumor tissues [5]. Triplicate reactions
were conducted for each gene and each tissue sample, and
PCR performed using the SDS 7900HT system as de-
scribed [5]. SDS 2.1 Software (ABI) was used to calculate
Ct relative expression values, normalized to endogenous
control genes, and relative to either untreated, scrambled
or empty-vector controls.

Established cell line culture, shRNA lentivirus
construction, transductions and transfections
SKOV3 and OvCa429 cells (a kind gift from Dr. Mark
Nachtigal, University of Manitoba, Winnipeg, MB) were
grown in DMEM H16 minimal medium (SKOV3) or
alpha-MEM (OvCa 429) supplemented with penicillin-
streptomycin and 10% fetal bovine serum at 37°C, 5%
CO2 in a humidified chamber. Packaging cells (293FT,
Invitrogen) were grown as SKOV3 cells. All parental and
derived stable cell lines were authenticated using STR
(short tandem repeat) profiling (The Centre for Applied
Genomics, Hospital for Sick Children, Toronto, ON).
Anti-KIF14 shRNA lentiviruses were generated by co-
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transfection of pLKO.1 containing shRNAs and express-
ing puromycin resistance, targeting human KIF14 (5 sep-
arate constructs, #816-819 plus a Scrambled control;
Sigma-Aldrich) with packaging constructs pPAX2 and
pMD2G (a kind gift from Dr. Jason Moffat, University of
Toronto, Toronto, ON) in 293FT cells using Gene Juice
(EMD Biosciences, Gibbstown, NJ) according to manu-
facturer instructions. Virus supernatant was harvested
48 h post-transfection and concentrated 10-fold using the
LentiX viral concentrator solution (Clontech Laboratories,
Mountain View, CA). KIF14 knockdown in primary
OvCa cultures and cell lines was confirmed 72 h post-
transduction using real-time PCR and western blot (WB)
analyses. Overexpression of KIF14 was generated by trans-
fection of KIF14-EGFP (a kind gift from Dr. Francis
Barr, Max Planck Institute of Biochemistry, Martinsreid,
Germany) or pcDNA 3.1 expressing neomycin resistance
(empty vector control). Transfections were conducted
with Turbofect in vivo transfection reagent (Fermentas)
according to manufacturer’s instructions. WB analysis was
performed by probing with a polyclonal rabbit anti-KIF14
antibody (1:500, Bethyl Laboratories, Montgomery, TX)
or anti-EGFP antibodies (1:2000, Abcam, Cambridge,
MA) normalized to β-tubulin (1:1000, Sigma-Aldrich).
Horseradish peroxidase-labeled secondary antibodies (1:10,000,
Chemicon, Billerica, MA) were detected using a chemilu-
minescence reagent (Denville Scientific, Metuchen, NJ)
and incubated with photographic film (Denville).
Immunofluorescence
Cells were stained with a polyclonal rabbit anti-KIF14
antibody (Bethyl Laboratories), followed by a mouse anti-
rabbit Alexa 488 secondary antibody (Molecular Probes,
Mississauga, ON), and nuclei visualized by DAPI staining
(Sigma-Aldrich). Stained cells were visualized at a magnifi-
cation of up to 400X with an epifluorescence microscope
(Leica, Wetzlar, Germany).
Proliferation and soft-agar colony forming assays
Proliferation was measured by surrogate intracellular
ATP readings using a commercially available assay kit
(Cell TiterGlo; Promega) according to manufacturer’s in-
structions. Cells were seeded in triplicate at 5000 cells/
96-well dish (Day 0) and counted every 2 to 3 days for
up to 12 days. Colony assays were conducted by seeding
cells in triplicate at 1 × 104 cells (primary OvCa cells) or
1 × 103 cells (OvCa cell lines)/6-well dish in 0.3% noble
agar, atop a plug of 0.6% noble agar in growth medium
(Biorad Laboratories, Mississauga, ON). After 14 (OvCa
cell lines) or 30 days of growth, colonies were stained
with crystal violet and counted with the 1.5X objective
of a dissecting microscope (Leica). All experiments were
conducted on three separate occasions in triplicate.
Subcutaneous xenografts
Female NOD-SCID gamma mice were injected subcuta-
neously into the flank with 1 million cells mixed at a 1:1
ratio with Matrigel (BD Biosciences, Mississauga, ON) in
a 200 L total volume. Four primary OvCa samples that
were manipulated for either overexpression or knock-
down, plus their respective control cells were injected into
triplicate mice, and monitored for a total of 6 months for
appearance of tumors. These mice were studied using pro-
tocols approved by the Animal Care Committee of the
Ontario Cancer Institute, in accordance with Canadian
Council on Animal Care guidelines.

Statistical analyses
Unpaired t-tests were performed to determine statistical
differences (where significance < 0.05) between cell num-
ber in response to KIF14 manipulation (overexpression
or knockdown) relative to the control cells (empty vec-
tor or scrambled control) using Graph Pad Prism 4.0.

Results
Short-term culture of primary high-grade serous OvCa
cells reduces endogenous KIF14 levels
We obtained 29 high-grade serous primary samples from
the UHN Biobank. From these, we were able to develop
short-term in vitro derivative cultures from 11 tumor sam-
ples. These 11 samples were then further characterized for
KIF14 expression.
To determine whether the expression of KIF14 varied

with adaptation to culture, KIF14 mRNA was measured
in primary tissues and short-term primary OvCa cultures
(passage 3) using real-time PCR. As depicted in Figure 1,
45% of the primary tumor tissues tested (5 out of 11; dark
blue) exhibit very high KIF14 expression in comparison
with previously characterized KIF14HIGH and KIF14LOW

primary OvCa tumors [5], and would belong to the
KIF14HIGH expressers group, while the remaining 55%
of samples (6 out of 11) would be grouped into the
KIF14LOW expressers group. For most primary samples
however (9 out of 11), short-term adaptation to culture
(approximately 3 weeks) did significantly decrease KIF14
expression (2 to 5-fold decrease; Figure 1). One sample
(69719) did not exhibit any change in KIF14 expression,
while one sample (69639) showed an increase in KIF14 ex-
pression in response to in vitro culture conditions.

Primary high-grade serous OvCa cells depend upon KIF14
expression for proliferation
To test whether primary OvCa cells are dependent upon
KIF14 expression for their tumorigenicity, 11 samples
were transduced with an anti-KIF14 shRNA lentivirus
(LV-816 plus a scrambled control). We observed expres-
sion of KIF14 protein via immunofluorescence (Additional
file 1: Figure S1); a significant decrease in KIF14 protein



Figure 1 KIF14 mRNA expression in response to short-term in vitro culture conditions. Eleven primary OvCa samples (high-grade serous
histology) were measured for KIF14 expression in the primary tissue (dark blue) and in short-term culture (passage 3, light blue). Previously
characterized KIF14HIGH and KIF14LOW primary OvCa samples (5) were included as controls. Error bars represent standard deviation of 3
independent measurements for each sample.
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expression is seen after 14 days post-transduction (3 pas-
sages) in most cells. KIF14 mRNA expression was also
measured in these samples after 21 days (5 passages) of
culture via real-time PCR. A significant decrease in KIF14
expression was seen in all transduced samples (2 to 5-fold,
Figure 2).
The growth properties of these 11 primary OvCa sam-

ples were measured in response to KIF14 knockdown via
cellular ATP. Most samples (7 out of 11, 64%) demon-
strated a significant decrease in cell proliferation in re-
sponse to KIF14 knockdown (P < 0.05; Figure 3). However,
a smaller percentage of samples (4 out of 11, 36%) showed
Figure 2 KIF14 knockdown in primary OvCa samples. Eleven
primary OvCa samples were transduced with lentivirus expressing
anti-KIF14 shRNA (LV-816) (green), and mRNA expression measured
21 days (passage 5) post-transduction in comparison to a scrambled
shRNA control (control; blue). KIF14 expression in LV-816 cells
normalized to control cell expression (set as 1). Error bars represent
standard deviation of three independent experiments.
no significant change in proliferation even when KIF14
was reduced (P > 0.01; Figure 3).

Overexpression of KIF14 increases the proliferative
capacity of primary high-grade serous OvCa cells
To study the consequence of KIF14 overexpression on
the tumorigenic phenotype of closely derived patient
samples, short-term cultures KIF14HIGH or KIF14LOW

OvCa cells were engineered to overexpress KIF14 via
transient transfection of an EGFP-tagged KIF14 cDNA
plasmid [19]. We observed strong expression of KIF14-
EGFP in most cells after 14 days post-transfection (3
passages; Additional file 2: Figure S2). Overexpression of
KIF14 mRNA was also seen in all samples for at least
21 days post-transfection (Figure 4).
We measured the growth properties of these 11 primary

OvCa samples in response to KIF14 overexpression via
cell proliferation assays. The majority of samples (7 out
of 11, 64%) demonstrated a significant increase in cell
proliferation in response to KIF14 overexpression (P < 0.05;
Figure 3), while a smaller percentage of samples (4 out
of 11, 36%) showed no significant change in proliferation
(P > 0.01; Figure 3).

Survival of primary high-grade serous OvCa cells is
impaired under in vitro or in vivo anchorage-independent
conditions
We evaluated in vitro anchorage independence via growth
in soft agar. Unfortunately, none of the 11 primary sam-
ples grew under these conditions (whether transfected
with KIF14-EGFP, transduced with LV-816, or their con-
trol counterparts (empty vector or scrambled control)), in
comparison to the immortalized OvCa cell line SKOV3



Figure 3 The effect of KIF14 overexpression/knockdown on primary OvCa cultures. Cell viability readings in response to KIF14 overexpression
(KIF14, dark blue) or KIF14 knockdown (LV-816, light blue) relative to their respective controls (pcDNA (KIF14), dark red; SCR (LV-816), light red). *P <0.05.
Error bars represent standard deviation of 3 independent experiments.
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Figure 4 KIF14 overexpression in primary OvCa samples. Eleven
primary OvCa samples were transiently transfected with KIF14-EGFP
(red), and mRNA expression measured 21 days (passage 5)
post-transfection in comparison to the empty vector control
(pcDNA; blue). KIF14 expression in KIF14-EGFP cells normalized to
control cell expression (set as 1). Error bars represent standard
deviation of three independent experiments.

Figure 5 Colony assays. A Representative primary OvCa short-term cultur
control vector (middle) or overexpressing KIF14 (bottom panels). Images ta
control vectors (pcDNA or SCR), overexpressing KIF14 (SKOV3_KIF14) or
seeding. Magnification, 20X.
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(Figure 5). The assay was carried out for 90 days (typical
soft agar assay is 14–30 days), however no growth was
seen in the 11 primary samples even after this extended
growth period.
For evaluation of in vivo growth, we chose 4 primary

OvCa samples that demonstrated the highest overexpres-
sion and increase in proliferation (and the greatest decrease
in expression/proliferation) in response to KIF14 overex-
pression (or knockdown; samples 6972, 6973, 63639;
Figure 3). We injected 1 million cells mixed with matrigel
subcutaneously into NOD-SCID gamma (NSG) mice, and
monitored growth over a 6 month period. Unfortunately,
mirroring the results seen in soft agar, none of the 4 sam-
ples tested demonstrated any growth, including the cells
overexpressing KIF14.

Discussion
The prognostic potential of KIF14 expression in OvCa [5]
suggests a dependence on KIF14 for tumorigenic behav-
iour. If high KIF14 expression is sufficient to alter primary
OvCa cell behaviour in vitro and in vivo, an oncogenic
stimulus would be identified in OvCa, providing proof-
ed sample (6972) grown in soft agar either untreated (top), expressing
ken 2 and 30 days post seeding. B SKOV3 cells expressing either
knocked-down in KIF14 (SKOV3_LV-816). Images taken 14 days post
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of-concept for studying its tumor-promoting mecha-
nisms. Seven out of the 11 samples tested demonstrated
increased/decreased proliferation in response to KIF14
overexpression/knockdown, indicating a dependence upon
KIF14 expression to maintain proliferative capacity. Four
out of the 11 samples did not show a phenotypic response
despite the fact that all samples showed significant overex-
pression of KIF14 post-transfection, even after 21 days in
culture (Figure 4). These results raise the possibility that
there may be individual variability in the phenotypic re-
sponses to KIF14 overexpression. Although not tested
here, the types of molecular lesions contained within the
primary tumors may partly explain this differential re-
sponse. We have however shown that most of the primary
samples demonstrate dependence on KIF14 expression for
proliferative capacity, indicating that KIF14 may have a
role in promoting OvCa cell survival and tumor growth.
Out of the 29 high-grade serous primary samples re-

ceived, only 11 samples were developed into short-term
cultures. The remaining 18 samples were processed, but
no cells were outgrown/retrieved using our standard cul-
ture protocols [31]. This highlights the inherent difficulty
in the development and maintenance of primary cultures.
Barriers to successful culture include the state of the tumor
tissue prior to processing, (necrosis, hypoxia, excessive tis-
sue manipulations). Our culture protocols incorporate
both a basic culture medium devoid of growth factors that
could artificially promote cell growth, and a trypsinization
procedure to remove fibroblast contamination – however
some tumor cells may require the need of these to adapt
and survive in a 2-dimensional culture environment [31].
None of the 11 samples tested demonstrated any growth
in soft agar (11 samples). These results indicate that
although we have shown that primary OvCa cells may
depend on KIF14 for in vitro proliferation, growth in
anchorage-independent conditions cannot be supported
in these primary short-term derived cultures.
There are several explanations for why these cells did

not grow in agarose culture. One explanation is that the
culture conditions to which the cells were initially exposed
(even though for a relatively short period) changed
the ability of these cells to survive in anchorage-
independent conditions. Although we did not test the in
vivo growth of freshly isolated tumor cells, adaptation of
these cells to 2-dimensional adherent culture conditions
may have altered their inherent tumorigenic behaviours
and reduced the tumor-initiating capacity of these cells.
Furthermore, as mentioned earlier, we found that short-
term cultures of primary high-grade serous OvCa cells
does result in decreased KIF14 expression in comparison
to their primary tumor tissue counterparts (Figure 1), in-
dicating that our culture conditions can promote cell
survival without the need of high oncogene activation
(in this case, high KIF14 expression). This could explain
why in general, primary OvCa cells exhibited lower KIF14
mRNA expression in comparison to primary tumor ex-
pression after short-term growth in culture.
Another point to consider is that our culture system

does select for epithelial cell populations, and does not
support the growth of stromal, mesenchymal or fibroblas-
tic cells known to exist within the primary tumor micro-
environment [31]; thus this pure epithelial cell population
may demonstrate different tumorigenic behaviours as
compared to cultures within a mixed population of cells.
In fact, tumor-stromal cell interactions have been well
documented to be crucial in pancreatic cancer cell growth
and metastatic behaviours [32], and are also becoming in-
creasingly important in the metastatic behaviour of pri-
mary ovarian cancers [33].
The four most proliferative cases were chosen to test

the model using xenografts. Unfortunately none of these
xenografts were successful in producing tumors. The type
of xenograft that was chosen (subcutaneous xenograft)
could have affected the survival of these cultured cells. Al-
though tumorigenic growth was not observed using this
xenograft method, other methods could be employed
(intrabursal, mammary fat pad injections) to evaluate the
tumorigenic capacity of these derived cell cultures. Alterna-
tively, unpublished data suggest that prolonged exposure to
in vitro growth conditions prevents growth in xenografts.
To date, no publication has described xenografts derived
from primary cells grown in culture, which represents a
major obstacle to this type of research.
Our results indicate that although increases in prolifer-

ative capacity of short-term cultured cells derived from
OvCa patient tumors were seen with KIF14 overexpres-
sion, other changes in carcinogenic signalling pathways
may also be required for survival and growth of these cells
in anchorage-independent conditions. In other words,
in primary tumor cells which possess limited genomic
changes, KIF14 overexpression may not be sufficient to
induce tumor growth in vivo, as compared to established
cell lines, known to have high genomic instability and pos-
sess the capacity to form anchorage-independent colonies
and form subcutaneous tumors. It would be interesting to
evaluate whether combining KIF14 overexpression with
other known genetic and molecular perturbations present
in OvCa (p53, PTEN, PI3K, MAPK) [34,35] would affect
the anchorage-independent properties of these cells.
In summary, we were able to evaluate the effect of KIF14

manipulation on the in vitro growth of short-term primary
OvCa cultures. We determined that most of our short-
term derived primary OvCa cultures were dependent on
KIF14 expression for growth in vitro, but that for a number
of technical reasons, these cells could not demonstrate
growth in vivo. We have thus demonstrated the devel-
opment of a useful and effective in vitro system of gene
manipulation to assess growth properties of primary
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OvCa cells, successfully evaluating the phenotypic effect of
a potential oncogene on proliferative capacity. This method
could also be employed to evaluate responsiveness to thera-
peutic interventions.

Highlights
• We evaluated the potential of selective KIF14 inhibition
in primary high-grade serous patient-derived OvCa cells
• Short-term cultures of primary high-grade serous

demonstrated dependence upon KIF14 expression to
maintain proliferative capacity
• An effective in vitro method to evaluate target gene

manipulation on the proliferative capacity of primary
OvCa cultures was developed.

Additional files

Additional file 1: Figure S1. Expression of KIF14 in primary OvCa cultures
in response to anti-KIF14 shRNA lentivirus transduction. A Representative
sample (6973) was imaged for KIF14 expression using immunofluorescence
microscopy following transduction with either a scrambled shRNA control
(SCR; top panel) or an anti-KIF14 shRNA (LV-816; bottom panel). Images
taken at 14 days post-transduction. Cells were stained with anti-KIF14
antibody (green, left panels) or DAPI to reveal nuclei (blue, right
panels). Magnification, 400X. B Representative immunoblot of 6973 cells
transduced with anti-KIF14 shRNA (LV-816-1 and −2; 1 and 2 represent
2 different transduction experiments), with scrambled shRNA (SCR) or
untransduced (U), assayed 14 days post-transfection. β tubulin, loading
control.

Additional file 2: Figure S2. Expression of EGFP tag in primary OvCa
cultures in response to KIF14 transfection. A Representative sample (6972)
was imaged for KIF14 expression using fluorescence microscopy following
transient transfection with either an empty vector control (pcDNA;
top panel) or a KIF14-EGFP-tagged construct (KIF14-EGFP; bottom
panel). Images taken at 14 days post-transfection. Cells were stained
with anti-KIF14 antibody (top left panel), or visualized by EGFP fluorescence
(bottom left panel), and stained with DAPI to reveal nuclei (blue,
top/bottom left panels). Magnification, 400X. B Representative immunoblot
of 6972 cells transfected with KIF14-EGFP (KIF14-1 and −2; 1 and 2
represent 2 different transfection experiments), with empty vector
(pcDNA) or untransfected (U), assayed 14 days post-transfection. β
tubulin, loading control.

Competing of interest
The authors declare that they have no competing interest.

Authors’ contribution
BLT and BLG performed all of the in vitro work, in addition to contributing
scientific knowledge. PC generated the patient-derived xenografts. PS
reviewed the pathology for all patients and confirmed high-grade serous
histology. BLT, PC and MQB participated in drafting the manuscript.
All authors read and approved the final manuscript.

Acknowledgements
The authors would like to thank Dr. Benjamin Neel for assistance with the
mouse xenografts.

Author details
1Campbell Family Cancer Research Institute, Ontario Cancer Institute,
University Health Network, Toronto, ON, Canada. 2Department of Obstetrics
and Gynecology, University of Toronto, Toronto, ON, Canada. 3Division of
Gynecological Oncology, University Health Network, Toronto, ON, Canada.
4Department of Pathology, University Health Network, Toronto, ON, Canada.
5Princess Margaret Hospital, University Health Network Tissue Bank, Toronto,
ON, Canada. 6Division of Visual Science, Toronto Western Hospital Research
Institute, Toronto, ON, Canada. 7Departments of Medical Biophysics,
Molecular Genetics, and Ophthalmology, University of Toronto, Toronto, ON,
Canada. 8Princess Margaret Cancer Centre, Rm M700, 610 University Ave,
Toronto, Ontario M5G 2M9, Canada.

Received: 30 July 2014 Accepted: 12 December 2014

References
1. Corson TW, Huang A, Tsao MS, Gallie BL: KIF14 is a candidate oncogene in

the 1q minimal region of genomic gain in multiple cancers. Oncogene
2005, 24(30):4741–53. Epub 2005/05/18.

2. Kim TM, Yim SH, Shin SH, Xu HD, Jung YC, Park CK, Choi JY, Park WS, Kwon
MS, Fielger H, Carter NP, Rhyu MG, Chung YJ: Clinical implication of
recurrent copy number alterations in hepatocellular carcinoma and
putative oncogenes in recurrent gains on 1q. Int J Cancer 2008, 123
(12):2808–15. Epub 2008/09/23.

3. Szponar A, Zubakov D, Pawlak J, Jauch A, Kovacs G: Three genetic
developmental stages of papillary renal cell tumors: duplication of
chromosome 1q marks fatal progression. Int J Cancer 2009, 124(9):2071–6.
Epub 2009/01/07.

4. Ma J, Gao M, Lu Y, Feng X, Zhang J, Lin D, Xiao T, Hu Z, Yuan J, Su K, Shipley J,
Xue J, Gao Y: Gain of 1q25-32, 12q23-24.3, and 17q12-22 facilitates
tumorigenesis and progression of human squamous cell lung cancer.
J Pathol 2006, 210(2):205–13. Epub 2006/08/24.

5. Theriault BL, Pajovic S, Bernardini MQ, Shaw PA, Gallie BL. Kinesin family
member 14: An independent prognostic marker and potential therapeutic
target for ovarian cancer. Int J Cancer 2011. Epub 2011/05/28.

6. Staebler A, Karberg B, Behm J, Kuhlmann P, Neubert U, Schmidt H,
Korsching E, Burger H, Lelle R, Kiesel L, Bocker W, Shih leM, Bucheweitz
O: Chromosomal losses of regions on 5q and lack of high-level
amplifications at 8q24 are associated with favorable prognosis for
ovarian serous carcinoma. Genes Chromosomes Cancer 2006, 45
(10):905–17. Epub 2006/07/18.

7. Caserta D, Benkhalifa M, Baldi M, Fiorentino F, Qumsiyeh M, Moscarini M:
Genome profiling of ovarian adenocarcinomas using pangenomic BACs
microarray comparative genomic hybridization. Mol Cytogenet 2008,
1(1):10. Epub 2008/05/22.

8. Kiechle M, Jacobsen A, Schwarz-Boeger U, Hedderich J, Pfisterer J,
Arnold N: Comparative genomic hybridization detects genetic
imbalances in primary ovarian carcinomas as correlated with grade
of differentiation. Cancer 2001, 91(3):534–40. Epub 2001/02/15.

9. Gras E, Pons C, Machin P, Matias-Guiu X, Prat J: Loss of heterozygosity at
the RB-1 locus and pRB immunostaining in epithelial ovarian tumors:
a molecular, immunohistochemical, and clinicopathologic study. Int J
Gynecol Pathol 2001, 20(4):335–40. Epub 2001/10/18.

10. Gorringe KL, Jacobs S, Thompson ER, Sridhar A, Qiu W, Choong DY,
Campbell IG: High-resolution single nucleotide polymorphism array
analysis of epithelial ovarian cancer reveals numerous microdeletions
and amplifications. Clin Cancer Res 2007, 13(16):4731–9. Epub 2007/08/19.

11. Bernardini M, Lee CH, Beheshti B, Prasad M, Albert M, Marrano P, Begley
H, Shaw P, Covens A, Murphy J, Rosen B, Minkin S, Squire JA, Macgregor
PF: High-resolution mapping of genomic imbalance and
identification of gene expression profiles associated with differential
chemotherapy response in serous epithelial ovarian cancer. Neoplasia
2005, 7(6):603–13. Epub 2005/07/23.

12. Bruchim I, Israeli O, Mahmud SM, Aviram-Goldring A, Rienstein S,
Friedman E, Ben-Baruch G, Gotlieb WH: Genetic alterations detected by
comparative genomic hybridization and recurrence rate in epithelial
ovarian carcinoma. Cancer Genet Cytogenet 2009, 190(2):66–70.
Epub 2009/04/22.

13. Cremer FW, Bila J, Buck I, Kartal M, Hose D, Ittrich C, Benner A, Raab MS,
Theil AC, Moos M, Goldschmidt H, Bartram CR, Jauch A: Delineation of
distinct subgroups of multiple myeloma and a model for clonal
evolution based on interphase cytogenetics. Genes Chromosomes
Cancer 2005, 44(2):194–203. Epub 2005/07/08.

14. van Dekken H, Wink JC, Vissers KJ, van Marion R, Koppert LB, Tilanus HW,
Siersema PD, Tanke HJ, Szuhai K, Hop WC: Genomic analysis of early
adenocarcinoma of the esophagus or gastroesophageal junction: tumor
progression is associated with alteration of 1q and 8p sequences. Genes
Chromosomes Cancer 2006, 45(5):516–25. Epub 2006/02/16.

http://www.ovarianresearch.com/content/supplementary/s13048-014-0123-1-s1.tiff
http://www.ovarianresearch.com/content/supplementary/s13048-014-0123-1-s2.tiff


Thériault et al. Journal of Ovarian Research  (2014) 7:123 Page 9 of 9
15. Torring N, Borre M, Sorensen KD, Andersen CL, Wiuf C, Orntoft TF: Genome-
wide analysis of allelic imbalance in prostate cancer using the Affymetrix
50K SNP mapping array. Br J Cancer 2007, 96(3):499–506. Epub 2007/01/25.

16. Midorikawa Y, Yamamoto S, Tsuji S, Kamimura N, Ishikawa S, Igarashi H,
Makuuchi H, Kokudo N, Sugimura H, Aburatani H: Allelic imbalances and
homozygous deletion on 8p23.2 for stepwise progression of
hepatocarcinogenesis. Hepatology 2009, 49(2):513–22. Epub 2008/12/24.

17. Friedrich K, von Heydebreck A, Haroske G, Scheithauer J, Meyer W, Kunze KD,
Baretton G: Comparative genomic hybridization-based oncogenetic
tree model for genetic classification of breast cancer. Anal Quant
Cytol Histol 2009, 31(2):101–8. Epub 2009/05/01.

18. Osterberg L, Levan K, Partheen K, Staaf J, Sundfeldt K, Horvath G: High-resolution
genomic profiling of carboplatin resistance in early-stage epithelial ovarian
carcinoma. Cytogenet Genome Res 2009, 125(1):8–18. Epub 2009/07/21.

19. Gruneberg U, Neef R, Li X, Chan EH, Chalamalasetty RB, Nigg EA, Barr FA:
KIF14 and citron kinase act together to promote efficient cytokinesis.
J Cell Biol 2006, 172(3):363–72. Epub 2006/01/25.

20. Carleton M, Mao M, Biery M, Warrener P, Kim S, Buser C, Marshall CG,
Fernandes C, Annis J, Linsley PS: RNA interference-mediated silencing of
mitotic kinesin KIF14 disrupts cell cycle progression and induces
cytokinesis failure. Mol Cell Biol 2006, 26(10):3853–63. Epub 2006/05/02.

21. Yang T, Li XN, Li L, Wu QM, Gao PZ, Wang HL, Zhao W: Sox17 inhibits
hepatocellular carcinoma progression by downregulation of KIF14
expression. Tumor Biol. Epub 2014/08/10.

22. Xu H, Choe C, Shin SH, Park SW, Kim HS, Jung SH, Yim SH, Kim TM, Chung
YJ: Silencing of KIF14 interferes with cell cycle progression and
cytokinesis by blocking the p27(Kip1) ubiquitination pathway in
hepatocellular carcinoma. Exp Mol Med 2014, 46:e97. Epub 2014/05/23.

23. Markowski J, Oczko-Wojciechowska M, Gierek T, Jarzab M, Paluch J,
Kowalska M, Wygoda Z, Pfeifer A, Tyszkiewicz T, Jarzab B, Niedzielska I,
Borgiel-Marek H: Gene expression profile analysis in laryngeal cancer
by high-density oligonucleotide microarrays. J Physiol Pharmacol 2009,
60(Suppl 1):57–63. Epub 2009/07/23.

24. Abiatari I, DeOliveira T, Kerkadze V, Schwager C, Esposito I, Giese NA, Huber
H, Bergman F, Abdollahi A, Friess H, Kleeff J: Consensus transcriptome
signature of perineural invasion in pancreatic carcinoma. Mol Cancer Ther
2009, 8(6):1494–504. Epub 2009/06/11.

25. Singel SM, Cornelius C, Batten K, Fasciani G, Wright WE, Lum L, Shay JW: A
targeted RNAi screen of the breast cancer genome identifies KIF14
and TLN1 as genes that modulate docetaxel chemosensitivity in
triple-negative breast cancer. Clin Cancer Res 2013, 19(8):2061–70.
Epub 2013/04/15.

26. Singel SM, Cornelius C, Saganjor E, Batten K, Sarode VR, Buckley DL, Peng Y,
John GB, Li HC, Sadeghi N, Wright WE, Lum L, Corson TW, Shay JW: KIF14
promotes AKT phosphorylation and contributes to chemoresistance in
triple-negative breast cancer. Neoplasia 2014, 16(3):247–256. Epub 2014/05/06.

27. Corson TW, Gallie BL: KIF14 mRNA expression is a predictor of grade and
outcome in breast cancer. Int J Cancer 2006, 119(5):1088–94. Epub 2006/03/30.

28. Corson TW, Zhu CQ, Lau SK, Shepherd FA, Tsao MS, Gallie BL: KIF14
messenger RNA expression is independently prognostic for outcome in
lung cancer. Clin Cancer Res 2007, 13(11):3229–34. Epub 2007/06/05.

29. Theriault BL, Basavarajappa HD, Lim H, Pajovic S, Gallie BL, Corson TW:
Transcriptional and epigenetic regulation of KIF14 overexpression in
ovarian cancer. PLoS One 2014, 9(3):e91540. Epub 2014/03/13.

30. Shepherd TG, Theriault BL, Campbell EJ, Nachtigal MW: Primary culture of
ovarian surface epithelial cells and ascites-derived ovarian cancer cells
from patients. Nat Protoc 2006, 1(6):2643–9. Epub 2007/04/05.

31. Theriault BL, Portelance L, Mes-Masson AM, Nachtigal MW: Establishment
of primary cultures from ovarian tumor tissue and ascites fluid.
Methods Mol Biol 2013, 1049:323–36. Epub 2013/08/06.

32. Hamada S, Masamune A, Shimosegawa T: Alteration of pancreatic cancer
cell functions by tumor-stromal cell interaction. Front Physiol 2013, 4:318.
Epub 2013/11/08.
33. Schauer IG, Sood AK, Mok S, Liu J: Cancer-associated fibroblasts and their
putative role in potentiating the initiation and development of epithelial
ovarian cancer. Neoplasia 2011, 13(5):393–405. Epub 2011/05/03.

34. Smolle E, Taucher V, Pichler M, Petru E, Lax S, Haybaeck J: Targeting
signaling pathways in epithelial ovarian cancer. Int J Mol Sci 2013,
14(5):9536–55. Epub 2013/05/07.

35. Sudo T: Molecular-targeted therapies for ovarian cancer: prospects for
the future. Int J Clin Oncol 2012, 17(5):424–9. Epub 2012/08/24.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Objective
	Methods
	Results
	Conclusions

	Introduction
	Materials and methods
	Clinical samples
	Primary derivative cultures of OvCa tissues
	RNA extraction and reverse transcription
	End-point and real-time PCR
	Established cell line culture, shRNA lentivirus construction, transductions and transfections
	Immunofluorescence
	Proliferation and soft-agar colony forming assays
	Subcutaneous xenografts
	Statistical analyses

	Results
	Short-term culture of primary high-grade serous OvCa cells reduces endogenous KIF14 levels
	Primary high-grade serous OvCa cells depend upon KIF14 expression for proliferation
	Overexpression of KIF14 increases the proliferative capacity of primary high-grade serous OvCa cells
	Survival of primary high-grade serous OvCa cells is impaired under in�vitro or in�vivo anchorage-independent conditions

	Discussion
	Highlights

	Additional files
	Competing of interest
	Authors’ contribution
	Acknowledgements
	Author details
	References

