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Abstract

The goal of mitosis is to ensure faithful segregation of genomic content into two
identical daughter cells. As cells enter mitosis, the DNA becomes condensed into mitotic
chromosomes, which must establish stable attachments to the mitotic spindle. Upon
establishing proper kinetochore-microtubule attachments, chromosomes can then be
guided to the center of the cell. Importantly, efficient chromosome congression is a
prerequisite for faithful chromosome segregation, since errors during this process may
lead to aneuploidy and chromosomal instability (CIN). One of the key players involved in
chromosome congression is CENP-E, a kinesin-like motor protein that is enriched at
kinetochores during mitosis, and whose pharmacological inactivation has shown
promising results in clinical trials. Despite mounting evidence demonstrating a role for
CENP-E in chromosome congression, the importance of CENP-E motor activity once
chromosomes are already aligned, is highly controversial. To this purpose, we took
advantage of selective small-molecule inhibitors to achieve temporal control over CENP-
E inhibition after chromosomes have completed alignment in both CIN and non-CIN
human cell lines. We used three CENP-E inhibitors, PF-2771, GSK923295 and
Compound A, which act through distinct mechanisms. Using a high-throughput
screening assay, we calculated the optimal doses required for partial and total CENP-E
inhibition with these three compounds and then performed high-resolution live cell
imaging to directly test CENP-E function in the maintenance of chromosome alignment.
We show, using three distinct inhibitors, that CENP-E activity is required for the
maintenance of chromosome alignment in a condition of prolonged metaphase.
Interestingly, the formation of chromosomes at poles occurs more rapidly in GSK923295-
treated cells, suggesting that inhibiting CENP-E with this compound may lead to
undesired microtubule-associated effects. We find that relative sensitivity to CENP-E
inhibitors is proportional for PF-2771 and GSK923295 when comparing CIN and non-

CIN cell lines. However, diploid cells are less sensitive to CENP-E inhibition using
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Compound A, suggesting that this compound may be of higher therapeutic value for the
treatment of cancer. Taken together, these results offer insight for our understanding of

the therapeutic value of CENP-E inhibitors currently tested in clinical trials.

Keywords: CENP-E; Congression; Chromosome alignment; Mitosis; CIN;
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Introduction

An effective mitosis ensures the faithful segregation of genomic content into two
identical daughter cells. Precisely at the onset of mitosis, characterized by chromosome
condensation and nuclear envelope breakdown, dispersed mitotic chromosomes initiate
directed movements towards the cell equator. This stochastic motion defines the mitotic
stage of prometaphase, whose goal is to promote the initial attachment between
chromosomes and kinetochores, essential for chromosome congression (1). One of the
key players involved in chromosome congression is CENP- E, a kinesin-like plus -end-
directed motor protein (kinesin-7) that associates with the kinetochore fibrous corona
and is strongly enriched at kinetochores during prometaphase (2). A role for CENP-E in
chromosome congression was established after live-cell imaging of human cells
depleted of CENP-E function by antibody microinjection (3-5). While several
chromosomes were able to align after perturbation of CENP-E, others remained in close
proximity with spindle poles. Subsequently, only peripheral mono-oriented chromosomes
were shown to congress in a CENP-E dependent manner by laterally sliding their
unattached kinetochores to neighboring mature kinetochore fibers (6, 7). This model
predicted that CENP-E guides misaligned chromosomes towards the cell equator.
However, some reports have challenged the idea that CENP-E function is restricted to
alignment of chromosomes, raising the intriguing possibility that CENP-E function is
required to maintain bi-oriented chromosomes at the equator after completing
congression (8). Addressing this question has proven to be challenging since most
strategies used to impair protein function rely on RNAIi or genome editing techniques,
which offer no temporal control over protein function. However, the development of small
molecule inhibitors has provided a powerful tool that allows precise temporal control over
protein function. Indeed, partial CENP-E inhibition using GSK923295 was shown to
result in the accumulation of mono-oriented chromosomes and consequently caused a

mitotic delay (9). GSK923295 was also used to propose that CENP-E is motor active at
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the kinetochores of congressed chromosomes, thus facilitating the dynamics of

microtubule plus ends and kinetochores (8).

To date, the most widely used CENP-E inhibitor is GSK923295, an allosteric
small-molecule inhibitor that targets CENP-E motor activity and exhibits potent antitumor
activity in several preclinical models of human tumor xenografts (10). The GSK923295
inhibitor binding site was mapped to a region similar to that bound by loop-5 inhibitors of
the kinesin KSP/Eg5. However, unlike these KSP inhibitors that block release of ADP
and destabilize motor-microtubule interaction, GSK923295 inhibited the release of
inorganic phosphate resulting in a conformational state with dramatically enhanced
affinity for microtubules causing CENP-E to be bound to microtubules in a rigor-like state
(10). Similar to GSK923295, a novel CENP-E inhibitor named PF-2771 was generated
to study the effects of CENP-E depletion in human basal breast cancer cell lines (11).
Importantly, while PF-2771 is noncompetitive with ATP (it acts independently of substrate
loading), GSK923295 is uncompetitive with both ATP and microtubules (it requires both
substrates to be loaded to perform its function). More recently, a novel small-molecule
inhibitor of CENP-E, Compound-A (Cmpd-A) was developed to specifically inhibit CENP-
E function independently of its binding to microtubules (12). Unlike GSK923295 and PF-
2771, Cmpd-A inhibits the ATPase activity of the CENP-E motor domain, acting as a
time-dependent inhibitor with an ATP-competitive-like behavior. Cmpd-A treatment also
causes chromosome misalignment and chromosomes at poles, leading to prolonged
mitotic arrest, consistent with other reports where CENP-E function was suppressed. By
targeting the L5 binding site at 3 different amino acid residues, CENP-E inhibitory activity
was increased by fine-tuned chemical modifications (13, 14). Here, we take advantage
of the availability of next generation inhibitors as well as state-of-the-art live cell imaging
to demonstrate that CENP-E partial inhibition is sufficient to cause misalignment after bi-
orientation in a condition of prolonged metaphase. The extent of the misalignment was

independent of the inhibitor of choice and was frequently followed by the formation of
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chromosomes at poles in a dose-dependent manner. We find that GSK923295-treated
cells showed a more rapid accumulation of chromosomes at poles, suggesting that
microtubule-associated phenotypes induced by GSK923295 treatment may account for
these differences. We discuss the implications this may have for normal metaphase
durations, and the possible therapeutic advantage of Cmpd-A over GSK923295 and PF-

2771.
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Results

Assessing the sensitivity to chemical inhibitors or pharmacological treatments
requires a careful approach to minimize unspecific off-target effects that are
concentration dependent (15). In order to establish the optimal doses required for partial
and full CENP-E inhibition using each compound, we used an in-house high-throughput
screening platform coupled with an automated phenotype imaging analysis (CellProfiler)
to quantify mitotic phenotypes in living cells. This automated system of image acquisition,
processing and quantification provides a rapid, robust and unbiased phenotypic analysis
that can be used with multiple small-molecule inhibitors and cell lines (Fig. 1A and 1B,
Supp. Fig. 1A-D). Since peripheral mono-oriented chromosomes rely on CENP-E for
efficient congression (7), CENP-E inhibition can reliably be determined by the persisting
presence of chromosomes at poles (Supp. Fig. 1C). HelLa, U20S and RPEL1 cells were
treated with increasing concentrations of CENP-E inhibitors for 3 hours and their
phenotype was assessed every hour (Fig. 1C-E, Supp. Fig. 2A and 2B). We find that
CENP-E inhibition using all compounds can generate chromosomes at poles in both
diploid (RPE1) and CIN (HeLa and U20S) cell lines, at comparable concentrations (Fig.
1C-E, Supp. Fig. 2A and 2B). We calculated the concentrations for partial inhibition as
the lowest concentration required to observe an effect and full inhibition was defined as
the lowest concentration required to exert maximal effect in terms of chromosomes at
poles (beginning of plateau). Upon reaching the plateau, the percentage of cells with
chromosomes at poles was comparable for each compound suggesting that CENP-E
can be efficiently inhibited through three distinct mechanisms (Fig. 1F). Nevertheless,
this percentage was lower in U20S and RPEL cells (Fig. S2A and 2B). Moreover, we
found no increase in apoptosis/cell debris within 3 hours of treatment with CENP-E
inhibitors (data not shown). Our data suggest that CENP-E inhibition results in the
formation of chromosomes at poles, independent of the molecular mechanism used to

inhibit CENP-E function.
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Using the optimal doses that partially and fully inhibit CENP-E function calculated
from the high-throughput screen, we used high-resolution live-cell imaging to determine
whether CENP-E motor activity is required for the maintenance of chromosome
alignment (Fig. 3A). Using the proteasome inhibitor MG-132, HeLa cells were arrested
at metaphase with fully aligned chromosomes, then treated with CENP-E inhibitors and
imaged every 5 minutes for 3 hours (Fig. 3A). We find that CENP-E inhibition causes
general chromosome misalignment accompanied by chromosomes at poles in all cell
lines tested, regardless of the inhibitor used (Figs 2B-E; S3). We also observed clear
cohesion fatigue that was specific to CIN cells and was exacerbated by treatment with
CENP-E inhibitors (Fig S6). Our live cell imaging setup allows us to clearly distinguish
between loss of alignment due to cohesion fatigue, where single chromatids start to
“peel-off’ from the metaphase plate, and a morphology of paired chromatids arranged
as chromosomes at poles, consistently observed after CENP-E inhibition (Fig. S7A, C).
Nevertheless, we find that the percentage of cells with chromosomes at poles induced
by treatment with CENP-E inhibitors is dose-dependent (Fig. 2B-E). This was also
observed in RPE1 and U20S cells (Fig. S3). Concurrently, we also observe a dose-
dependent effect on the percentage of cells that remain aligned throughout the
experiment, consistent for all cell lines analyzed (Fig. S4). Direct evidence demonstrating
that CENP-E inhibitors were actively disrupting CENP-E function, was obtained from
neighboring cells that entered mitosis in the presence of CENP-E inhibitors. As expected,
these cells presented several chromosomes at poles immediately after nuclear envelope
break down and arrested in mitosis with chromosomes at poles (Fig. S5). When we
restrict our analysis of the percentage of cells with chromosomes at poles to the first hour
of imaging of these artificial metaphases, we notice that there is a stronger phenotype
induced by GSK923295 compared with PF-2771 and Cmpd-A, at full inhibition (Fig. 2B-
E; S3). At this time-point, events of cohesion fatigue or other epiphenomena related to
drug toxicity or metaphase arrest are less likely to take place (16). During the course of
the experiment, we also quantified the frequency of terminal events that dictated the

8
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exclusion of these cells from the analysis of chromosome alignment from that time point
onwards (Fig. S6). Terminal events included cells entering anaphase in the presence of
MG-132 without chromosome decondensation (Fig. S7B), cohesion fatigue, mitotic
slippage and cells that moved out of the field of view or out of focus. We find that
cohesion fatigue was highly prevalent in U20S cells but rarely observed in other cell
types. Importantly, this effect also appeared to be potentiated by the presence of CENP-

E inhibitors.

Our live cell imaging assay also allows us to determine how often chromosomes
re-align or generate chromosomes at poles, after an initial misalignment event (Fig. S8).
Although there is some variability, results suggest that after an initial misalignment event,
CENP-E is required for chromosome re-alignment. Indeed, CENP-E disruption often
leads to chromosomes at poles in a dose-dependent manner, while this rarely occurs in

HelLa and U20S cells upon DMSO treatment.

Next, we analyzed cellular sensitivity to CENP-E inhibitors to understand whether
this correlates with the overall effects on chromosome alignment observed using our live
cell imaging assay. For that purpose, we used a standard Resazurin Cell Viability assay
in which cells were incubated for 72 hours with each CENP-E inhibitor and the IC50s
were subsequently calculated (Fig. 3). We find that HelLa cells are the most sensitive to
all inhibitors tested and that U20S cells are generally less sensitive to all compounds
when compared to Hela cells (Fig. 3A-C). Surprisingly, RPE1 cells are 2,1-fold less
sensitive to Cmpd-A but are equally sensitive to GSK923295 and PF-2771 treatments
suggesting that Cmpd-A has unique properties that potentiate its effect more specifically

in CIN cell lines.
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Discussion

Microtubule-targeting chemotherapeutics

Modern day chemotherapy begun with the discovery of nitrogen mustard’s toxic
effects on haematopoietic cells and was first administered to lymphoma patients with
marked improvements in tumor regression. However, remissions turned out to be brief
and incomplete, prompting the discovery and development of other chemotherapeutic
agents (17). Chemotherapeutics include alkylators, antimetabolites, platinum agents and
natural products. Spindle poisons are plant-derived natural products that target tubulin,
the cytoskeletal protein that polymerizes to form microtubules that participate in a
plethora of cellular functions. These compounds are broadly defined as anti-mitotics and
can be either microtubule destabilizers (i.e. vinca alkaloids, epothilones and eribulin) or
stabilizers (i.e. taxanes). Since microtubules are essential for cellular homeostasis, these
agents often cause serious side effects such as neurotoxicity and neutropenia and/or
may lead to the acquisition of resistance (18-20). CENP-E is a kinesin motor protein
expressed predominantly in mitosis (and G2) (5) and its loss of function causes
chromosome misalignment and apoptosis due to a prolonged mitotic arrest (21, 22).
Although CENP-E requires microtubules to exert its functions, it slowly accumulates in
G1, reaching a peak in G2-M phase due to an increased mRNA level, and is ultimately
degraded in the end of mitosis (23). Thus far, no specific function was attributed to
CENP-E in interphase and therefore, CENP-E inhibition represents a new class of anti-

mitotic therapeutics with the potential to reduce microtubule-associated side-effects.

CENP-E as a molecularly-targeted anti-cancer drug

Several preclinical studies have evidenced the efficacy of CENP-E inhibitors with
regards to their anti-tumor activity. PF-2771 treatment induced tumor regression in a

patient derived basal-like triple negative cancer xenograft tumor model (11). GSK923295
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showed a dose-dependent antitumor activity against mice bearing xenografts of the
Colo205 colon tumor-cell line as well as against a panel of 212 tumor cell lines (10).
These promising results led to the first Phase | clinical trials using GSK923295 to treat
human subjects with refractory cancer that do not respond to standard therapy. Notably,
anemia and fatigue were described as the only adverse events, with a very low
occurrence of neutropenia, typically very rare for a bona-fide antimitotic drug. Despite
the promising results, further studies are required to determine the best administration
schedules/techniques to reach optimal plasma concentrations that ensure specific
CENP-E inhibition (24). More recently, Compound A (Cmpd-A), a hovel small-molecule
inhibitor of CENP-E was described and shown to exhibit an antiproliferative effect in 14
cancer cell lines. Surprisingly, the diploid MRC5 cell line demonstrated reduced
sensitivity to CENP-E inhibition, suggesting that CENP-E inhibition using Cmpd-A may
target a specific form or domain in CENP-E that is altered in cancer cells. In agreement,
the authors found no correlation between CENP-E expression and the anti-proliferative
effects of Cmpd-A in the cell lines analyzed (12). In our study we used RPEL cells as a
diploid cell line and found that they are 2,1-fold less sensitive to Compound A but are
equally sensitive to GSK923295 and PF-2771. In contrast, chromosomally unstable
U20S and Hela cells showed a comparable sensitivity between all the inhibitors.
However, this effect is not simply explained by the efficiency of mitotic arrest since our
live cell imaging experiments show that PF-2771 and GSK923295 treatments were able
to induce chromosomes at poles with equal or even higher efficiency in the diploid cell
line. These data suggest that either Cmpd-A off-target effects are more evident in CIN
cells (CENP-E-independent), the diploid cell line RPE1 has higher drug efflux pump
activity and can efficiently pump out specific drug structures, or alternatively, Cmpd-A
may target CENP-E isoforms that are more commonly observed in CIN cell lines. These
hypotheses could be addressed by performing cell viability assays in the presence of
inhibitors of the p-glycoprotein, such as verapamil, and by sequencing CENP-E to
address the presence of mutations that may confer resistance.
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CENP-E as a tethered motor between microtubules and kinetochores

Recent models have proposed that CENP-E plays an important role in facilitating
the association between kinetochores and dynamic microtubule ends as a tether motor
(8). In order to investigate the contribution of CENP-E to link microtubule plus ends to
kinetochores on congressed chromosomes the authors used GSK923295 (locks CENP-
E in a microtubule-bound, inactive state) at a concentration 4-fold higher than our optimal
dose used for full CENP-E inhibition calculated in our titration experiment. Since
chromosomes moved towards the pole, the authors concluded that CENP-E continues
active at kinetochores of aligned chromosomes, but at these concentrations GSK923295
treatment may be indirectly affecting kinetochore-microtubule dynamics. In normal cells,
average metaphase durations in HeLa, hTERT-RPE1 and U20S cell lines are 16, 9 and
11 minutes respectively (25). Here we show that in metaphase arrested cells,
approximately 30-60 minutes after CENP-E inhibition, misalignment and formation of
chromosomes at poles is frequently observed with all compounds tested. However, we
show that the formation of chromosomes at poles occurs significantly faster in
GSK923295-treated cells, and this appears to be specific to CIN cells. Notably, PF-2771
and Compound A act independently of microtubules while GSK923295 provides a gain
of function CENP-E phenotype since it causes a rigor like state in a microtubule-bound
state. Under these conditions, it is probable that chromosomes are being stripped off the
metaphase plate more frequently due to spindle flux. Although we are working with
artificial metaphase extensions, our results demonstrate that CENP-E activity is required
for the maintenance of chromosome alignment during a prolonged metaphase. However,
whether these results reflect CENP-E function in the context of chromosome alignment

in normal physiological conditions, remains unknown.

Using state-of-art live cell microscopy we were able to follow cells through a
continued mitotic arrest induced by proteasome inhibition. It is worth noting that the

proteasome inhibitor MG-132 was never washed-out during our experimental setting,
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which bears important implications for our interpretation of the results. Indeed, recent
studies have suggested that a prolonged metaphase arrest may lead to cohesion fatigue,
a condition where sister chromatid cohesion is lost but the cell is arrested in mitosis with
high levels of Cyclin B1 and separated chromatids (16). Particularly in transformed cells
with numerous chromosomes, it may become difficult to distinguish between cohesion
fatigue (where individual chromatids are pulled to poles) and whole chromosomes at
poles, particularly when looking at static images of cells (i.e., immunofluorescence or
time-lapse imaging with low temporal resolution) (26). However, a time-lapse recording
with high temporal resolution allows us to follow the dynamics of chromosome and
spindle movements, critial for making the distinction between cohesion fatigue and
chromosomes at poles (See Figure S7C). Indeed, the striking similarity between the
phenotypes of chromosomes and poles and cohesion fatigue incites for a systematic re-
evaluation of proteins formerly associated with chromosome alignment using state-of-
the-art live cell imaging techniques. Our experimental setup permits us to clearly identify
the most dramatic cases of cohesion fatigue on the basis of chromosome morphology,
and on the dynamics of chromosome movement and spindle rotation, but the use of a
kinetochore marker would provide unequivocal evidence on this subject. Moreover, a
proteasome-induced 3-hour mitotic arrest may cause secondary phenotypes that
warrant a cautious approach when evaluating the formation of chromosomes at poles,

particularly in conditions of prolonged metaphase arrest.

Under the combined effect of MG-132 and CENP-E inhibition, we find that
cohesion fatigue is more prevalent in CIN cells, particularly U20S, and was rarely
observed in RPEL cells. This suggests that CIN cells may be inherently more susceptible
to cohesion fatigue, which is in accordance with results observed using a proteasome
inhibitor alone (22). And this rationale further validated the usefulness of Bortezomib
(27), a proteasome inhibitor approved for multiple myeloma and refractory mantle cell
lymphoma with other new compounds currently at preclinical stage testing (28-30).
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However, we show that dual inhibition of CENP-E and proteasome activity causes
deleterious effects that are exacerbated in CIN cells, thus providing preclinical data in
support of a combination therapy regime. Associating CENP-E inhibitors with bortezomib
may be another suitable therapeutic strategy in the future, to overcome limitations of
individual pharmacokinetics and pharmacodynamics or resistance in drug administration

schedules.

14



320

321

322

323

324

325

326

327

328

329

330

331

332

333

334

335

336

337

338

339

340

341

342

343

344

Materials and Methods

Cell lines

HelLa, U20S (kindly provided by M. Barisic) and hTERT-RPE1 cell lines stably
expressing H2B-GFP and mCherry-a-Tubulin were used. All cell lines were grown in
Dulbecco's Modified Eagle Medium (DMEM) (Gibco, Life Technologies) supplemented
with 10% fetal bovine serum (FBS; Gibco Life Technologies) at 37°C in a humidified

atmosphere with 5% CO..

Drugs/compounds used

The CENP-E Inhibitors - GSK923295 (Selleckchem), PF-2771 (Medchem Express) and
Compound A (Takeda) - and the proteasome inhibitor MG-132 (Calbiochem) were
originally dissolved in DMSO (Sigma-Aldrich) and freshly diluted in DMEM medium
without phenol red immediately before live cellimaging. Total volume DMSO, either used

as control or drug dilution, added to the culture medium never exceeded 1:1000 v/v.

Microscopy

The titration experiment was performed in the InCell Analyser 2000, equipped with a
sCMOS camera, and provided with two laser lines (488 nm and 561 nm). HeLa, U20S
and hTERT-RPEL (all stably expressing H2B-GFP/mCherry-a-tubulin) cells were kept in
a heated chamber (37 °C), with controlled CO conditions. Using a 20x objective (0.45
NA), images were collected every hour after CENP-E inhibition, up to 3 hours. Image

analysis was performed with CellProfiler software.

After determining the optimal dose for inhibiting CENP-E function, live-cell confocal
microscopy was performed. HeLa, U20S and hTERT-RPEL (all stably expressing H2B-
GFP/mCherry-a-tubulin) cells were plated onto 6 well-plates with pre-cut coverslips 24
hours prior to the assay. To promote a cell cycle arrest at metaphase, 3 yM of MG-132

prepared in DMEM without phenol red was added to the cells approximately 30 minutes
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before live cell imaging. After the first frame of imaging (5min), DMSO or the selected
concentration of inhibitor was added and cells were followed through time-lapse confocal
microscopy. Time-lapse imaging was performed in a heated chamber (37°C) using a
100x 1.4 NA Plan-Apochromatic differential interference contrast objective mounted on
an inverted microscope (Ti; Nikon) equipped with a CSU-X1 spinning-disk confocal head
(Yokogawa Corporation of America) and with two laser lines (488 nm and 561 nm).
[MM1] Images were detected with an iXonEM+ EM-CCD camera (Andor Technology).
Nine 2um lengh z-planes for each channel covering the entire volume of the mitotic
spindle were collected every 5 min, for up to 180 minutes. Image and video processing

was performed using Image J and Nikon NIS viewer, respectively.

CellProfiler pipelines and settings

CellProfiler's object identification modules contain a variety of published and tested
algorithms for identifying cells based on fluorescence (31). We firsly defined the primary
objects as nuclei, through the H2B-GFP signal, and then the secondary objects as cell
size and shape, through the Tubulin-mCherry signal. After rendering this segmentation,
a gallery of cells was manually classified into four categories for each cell line:
interphase, mitotic (excluding chromosomes at poles), chromosomes at poles and
apoptosis/cell debris (Fig. S1A-D). This gallery was used as a training set that served

the automated classification of the Cell Profiler software.

IC50 and cell proliferation assay

HeLa (1500 cells/well), RPE1 (8000 cells/well) and U20S (3000 cells/well) cells were
seeded on a sterile 96-well plate (TC-Plate 96 well, Cell+, F, Sarstedt) and let adhere for
24h. The cells were treated with all CENP-E inhibitors freshly dissolved in DMEM media
for 72 hours at the following concentrations: 8 nM, 16 nM, 31 nM, 62.5 nM, 125 nM, 250
nM, 500 nM for PF-2771 and Compound A and 4 nM, 8 nM, 16 nM, 31 nM, 62.5 nM, 125

nM, 250 nM for GSK923295. The cells were then washed with 1X PBS and incubated
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with 0,1% Resazurin (Sigma-Aldrich) dissolved in DMEM for 4 hours. The supernatant
was transferred to a new 96-well plate and its resorufin flourescence was measured
using a microplate spectrofluorometer (Synergy MX, Biotek) with the following settings -

Excitation wavelengh: 530+9 nm, Emission wavelengh: 590+9 nm.
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Figure 1 — Titration of CENP-E inhibitors in HeLa cells. Representative images of (A)
DMSO and (B) GSK923295A-treated HelLa cells expressing H2B-GFP after a 3hr
treatment. Images acquired using a 20X objective mounted on an IN Cell Analyzer 2000
microscope system. Insets show 5X magnifications of selected regions exemplifying
different cellular phenotypes. Images collected were analysed using a custom-made
CellProfiler pipeline and the percentage of cells displaying chromosomes at poles (over
the total number of cells) is shown for cells treated with (C) Cmpd-A, (D) GSK923295A
and (E) PF-2771. Error bars represent SD for quaduplicate experiments. (F) Table
summarizing chemical properties of CENP-E inhibitors
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Figure 2 — CENP-E is required for the maintenance of chromosome alignment. (A)
Schematic representation of the experimental setup used to assay CENP-E function in the
maintenance of chromosome alignment. HelLa cells were treated with MG132 (3uM) for
~30min. Cells were selected for imaging on the basis of chromosome alignment and
Imaging started 5 min before the addition of DMSO or CENP-E inhibitors. MG132 (3uM)
was maintained in the media containing DMSO or CENP-E inhibitors. Cells were followed
through live cell imaging for a further 180min. Quantifications of the percentage of HelLa
cells that display chromosomes at poles after treatment with different concentrations of (B)
Cmpd-A (C) GSK923295A or (D) PF-2771. (E) Selected time-frames of represenative cells
treated with CENP-E inhibitors demonstrating the progressive misalignment of congressed
chromosomes and the subsequent formation of chromosomes at the poles. Please note
that while DMSO-treated cells remain mostly aligned throughout the experiment, most of
the CENP-E-inhibited cells display misalgned chromosomes that often result in the
formation of chromosomes at poles. Yellow arrows indicate chromosomes at poles.
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Figure 3 — Diploid cells are less sensitive to Cmpd-A-mediated cell death . (A)
HeLa, (B) RPE1 and (C) U20S cells were treated with varying concentrations of Cmpd-
A (top row), GSK923295A (middle row) or PF-2771 (bottom row) and the relative cell
number was calculated 5 days after addition of the drugs. Relative cell number was
calculated using a custom-generated Resazurin Cell Viabilly assay. Calculated
(represented in nM) and relative (represented below as -fold of HeLa cells) IC50 values
are shown in gray in the top right corner of each graph.



Supplementary Figure 1 — CellProfiler2.2.0 image training gallery used for
quantifying cellular state. Panels show randomized images used to train CellProfiler
Analyst software using the following cellular classes: (A) Interphase, (B) Mitotic (mitotic
cells without chromosomes at poles), (C) Mitotic cells with chromosomes at poles or (D)

Apoptotic/Cell debris.
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Supplementary Figure 2 — Titration of CENP-E inhibitors in U20S and RPEL1 cells.
CellProfiler analysis of the percentage of cells displaying chromosomes at poles (over
the total number of cells) is shown for cells treated with (A) U20S and (B) RPEL1 cells.
Error bars represent SD for quaduplicate experiments.
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Supplementary Figure 3 — Inhibiting CENP-E function during metaphase causes
chromosomes at poles in RPE1 and U20S cells. Quantification of the percentage of
cells with chromosomes at poles for (A) RPE1 or (B) U20S cells treated with Cmpd-A (top
row), GSK923295A (middle row) or PF2771 (bottom row). Results were obtained from the
analysis of live cell imaging. Please note that cells undergoing any of the terminal events
were removed from the analysis from that time point onwards.
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Supplementary Figure 4 — Inhibiting CENP-E function during metaphase induces
chromosome misalignment. Quantification of the percentage of cells that remain
aligned during imaging for (A) HelLa, (B) RPE1 or (C) U20S cells treated with Cmpd-A
(top row), GSK923295A (middle row) or PF2771 (bottom row). Results were obtained from
the analysis of live cell imaging. Please note that cells undergoing any of the terminal
events were removed from the analysis from that time point onwards.



CENP-E
inhibitors
added NEBD

-5 min 0 min 90 min ! 170 min 180 min

(Wu002)
v-pdw)d

-8 min 0 min 100 min 130 min 145 min 155 min 180 min
T
M
o !
N
=~
~ |:l
8 -5 min 0 min 95 min 110 min 120 min 145 min
a3
o (e
N
>
w
<N
N Lo
ol
>

Supplementary Figure 5 — Addition of CENP-E inhibitors prior to NEBD induces
chromosomes at poles. Selected time frames of representative HelLa cells treated with
(A) Cmpd-A (200nM) (B) PF-2771 (20nM) or (C) GSK923295A (20nM) for at least 100min
before NEBD. Yellow arrows indicate chromosomes at poles.



A

HelLa

Anaphase Out of focus Cohesion Fatigue Mitotic slippage
DMSO 10.3 0.0 12.8 0.0
Cmpd-A (100nM) 16.7 0.0 3.3 0.0
Cmpd-A (200nM) 23.3 0.0 9.3 0.0
Cmpd-A (500nM) 38.7 0.0 12.9 0.0
GSK923295A (20nM) 49.2 0.0 1.6 0.0
GSK923295A (50nM) 8.7 0.0 0.0 4.3
PF-2771 (10nM) 36.6 0.0 7.3 24
PF-2771 (20nM) 21.6 0.0 7.8 0.0
PF-2771 (50nM) Not imaged Not imaged Not imaged Not imaged
B RPE1
Anaphase Out of focus Cohesion Fatigue Mitotic slippage
DMSO 25 13.6 4.9 0.0
Cmpd-A (100nM) 0.0 10.7 3.6 0.0
Cmpd-A (200nM) 3.7 3.7 7.4 0.0
Cmpd-A (500nM) Not imaged Not imaged Not imaged Not imaged
GSK923295A (20nM) 8.0 28.0 0.0 0.0
GSK923295A (50nM) 11.8 294 0.0 0.0
PF-2771 (10nM) Not imaged Not imaged Not imaged Not imaged
PF-2771 (20nM) 4.3 17.4 0.0 0.0
PF-2771 (50nM) 324 1.3 8.5 0.0
U20S
C Anaphase Out of focus Cohesion Fatigue Mitotic slippage
DMSO 0.0 0.0 11.8 0.0
Cmpd-A (100nM) 0.0 45 227 0.0
Cmpd-A (200nM) 0.0 0.0 75.0 0.0
Cmpd-A (500nM) 3.8 0.0 76.9 0.0
GSK923295A (20nM) 0.0 0.0 35.3 0.0
GSK923295A (50nM) 0.0 0.0 77.8 0.0
PF-2771 (10nM) Not imaged Not imaged Not imaged Not imaged
PF-2771 (20nM) 21.1 0.0 36.8 0.0
PF-2771 (50nM) 0.0 0.0 35.3 0.0

Supplementary Figure 6 — Terminal events that ocurred during time-lapse imaging.
Tables indicate the percentage of cells that undergo any of the terminal events shown for
(A) HelLa, (B) RPE1 and (C) U20S cells. Please note that each terminal event happened
only once in each cell and those cells were excluded from the analysis of chromosome
alignment from that point onwards.
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Supplementary Figure 8 — CENP-E is required for chromosome re-alignment.
Percentage of alignment events after misalignment (left graph) and percentage of cells
that generate chromosomes at poles after misalignment (right graph) for (A) HelLa, (B)
U20S or (C) RPEL1 cells.
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include these videos as ‘Supplementary Material’ uploaded upon submission and can refer to these within the body of the text. This can be done in the same
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copyright holder.
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Any videos that are not in the correct format will not be published. Files will be viewed by the editorial office for quality; however the onus for creating,
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Subject Ontology

Upon submission authors will be asked to select a series of subject terms relevant to the topic of their manuscript from our subject ontology. Providing these
terms will ensure your article is more discoverable and will appear on appropriate subject specific pages on nature.com, in addition to the journal’s own pages.
Your article should be indexed with at least one, and up to four unique subject terms that describe the key subjects and concepts in your manuscript. Click here
for help with this.

Language Editing

Oncogene is read by scientists from diverse backgrounds and many are not native English speakers. In addition, the readership of Oncogene is multidisciplinary;
therefore authors need to ensure their findings are clearly communicated. Language and concepts that are well known in one subfield may not be well known in
another. Thus, technical jargon should be avoided as far as possible and clearly explained where its use is unavoidable. Abbreviations, particularly those that are
not standard, should also be kept to a minimum. The background, rationale and main conclusions of the study should be clearly explained and understandable
by all working in the field. Titles and abstracts in particular should be written in language that will be readily understood by all readers.

Authors who are not native speakers of English sometimes receive negative comments from referees or editors about the language and grammar usage in their
manuscripts, which can contribute to a paper being rejected. To reduce the possibility of such problems, we strongly encourage such authors to take at least one
of the following steps.

. Have your manuscript reviewed for clarity by a colleague whose native language is English.
. Visiting the English language tutorial which covers the common mistakes when writing in English.
. Using a professional language editing service where editors will improve the English to ensure that your meaning is clear and identify problems

that require your review. Two such services are provided by our affiliates Nature Research Editing Service and American Journal Experts.

Please note that the use of a language editing service is at the author's own expense and does not guarantee that the article will be selected for peer review or
accepted

HOW TO SUBMIT

Pre-submission Enquiries
Oncogene implements a first round review of papers by our team of Deputy Editors to determine article suitability prior to full peer review. Please submit your
full paper online for evaluation.

Online Submission

We only accept manuscript submission via our online manuscript submission system. Before submitting a manuscript, authors are encouraged to consult both
our Editorial Policies and the Submission Instructions for our online manuscript submission system. If you have not already done so, please register for an
account with our online manuscript system. You will be able to monitor the status of your manuscript online throughout the editorial process.

Summary of the editorial process

®  The author submits a manuscript and it receives a tracking number.

®  The editorial office perform an initial quality check on the manuscript to ensure that the paper is formatted correctly.

(] A Deputy Editor is assigned to the manuscript and decides whether to send the manuscript out to review. If the decision is not to send the
manuscript for review, the Editor-in-Chief contacts the author with the decision.

(] If the Deputy Editordecides the paper is within the Journal's remit, the paper will be assigned to an Associate Editor.

®  The Associate Editor selects and assigns peer reviewers. This can take some time dependent on the responsiveness and availability of the
reviewers selected.

(] Reviewers are given 14 days from acceptance to submit their reports. Once the required reports are submitted the Associate Editor will make a
decision recommendation to the Editor-in-Chief based on the comments received.

®  The Editor-in-Chief makes the final decision.

Authors are able to monitor the status of their paper throughout the peer review process

Peer review

To expedite the review process, only papers that seem most likely to meet editorial criteria are sent for external review. Papers judged by the editors to be of
insufficient general interest or otherwise inappropriate are rejected promptly without external review.

Manuscripts sent out for peer review are evaluated by at least one independent reviewer (often two or more). Authors are welcome to suggest independent
reviewers to evaluate their manuscript. All recommendations are considered, but it is at the Editor’s discretion their choice of reviewers. By policy, referees
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are not identified to the authors, except at the request of the referee.
Once a sufficient number of reviews are received, the editors then make a decision based on the reviewers' evaluations

®  Accept - The manuscript is appropriate to be accepted as it stands.

(] Minor or major revision - In cases where the editor determines that the authors should be able to address the referees’ concerns in six months or
less the editor may request a revised manuscript that addresses these concerns. The revised version is normally sent back to some or all of the
original referees for re-review. The decision letter will specify a deadline for receipt of the revised manuscript and link via which the author
should upload to the online submission system.

When submitting a revision authors are asked to upload (1) A rebuttal letter, indicating point-by-point how the comments raised by the
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manuscript has been changed.

(] Reject outright - Typically on grounds of specialist interest, lack of novelty, insufficient conceptual advance or major technical and/or
interpretational problem
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of the article. Failure to promptly return forms will result in delay of publication.

Government employees from the United States and the UK who wish to publish open access are required to sign and submit the relevant form below:
- US Government Employee open access Licence to Publish form
- UK Government Employee open access Licence to Publish form.

Please note with regards to payment that usual credit terms are 30 days from receipt of invoice. Failure to pay your invoice within the stated credit term may
result in the Open Access status of the paper being rescinded, with the paper being placed behind the paywall. You may also be subject to such penalties as
restrictions on your ability to publish with Springer Nature in the future, involvement of a third party debt collection agency and legal proceedings.

Compliance with open access mandates
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Springer Nature’s open access journals allow authors to comply with all funders' open access policies worldwide. Authors may need to take specific actions to
achieve compliance with funder and institutional open access mandates.
Learn more about open access compliance.

Waiver of institutional open access policies

Please note that Harvard University FAS, MIT, Princeton, UCSF, University of Hawaii at Manoa, California Institute of Technology (Caltech) and the Georgia
Institute of Technology have enacted Open Access policies that conflict with our own policy for articles published via the subscription route. If any corresponding
or contributing authors are from these institutions, you will need to provide a waiver from the institution of every affected author, which can be obtained from
the institution. This waiver should be submitted at the same time as the Licence to Publish form. This requirement does not apply to articles published via the
open access route.

Self-archiving and manuscript deposition (green open access)

Authors of original research articles are encouraged to submit the author’s version of the accepted paper (the unedited manuscript) to a repository for public
release six months after publication. Springer Nature also offers a free, opt-in Manuscript Deposition Service for original research articles in order to help
authors fulfil funder and institutional mandates.

Learn more about self-archiving and manuscript deposition

E-Proofs

The Springer Nature e-proofing system is a unique solution that will enable authors to remotely edit /correct your article proofs.

The corresponding author will receive an e-mail containing a URL linking to the e-proofing site. Proof corrections must be returned within 48 hours of receipt.
Failure to do so may result in delayed publication. Extensive corrections cannot be made at this stage.

For more information and instructions on how to use the e-proofing too please see here.

Page Charges

After final layout for publication, each page of an article will incur a fixed charge of £153/ $236 per page.

This charge is fully inclusive of colour reproduction of all colour images (where deemed appropriate by the Editor) in print, HTML and PDF formats. It covers also
a proportion of the costs of processing and producing the article for publication (VAT or local taxes will be added where applicable).

Page charges will NOT apply to authors who choose to pay an article processing charge to make their paper open access.

Advance Online Publication
The final version of the manuscript is published online in advance of print. AOP represents the official version of the manuscript and will subsequently appear
unchanged, in print.

Protocol Exchange

If your manuscript is accepted for publication, we encourage you to upload the step-by-step protocols used in your manuscript to the Protocol Exchange.
Protocol Exchange is an open online resource that allows researchers to share their detailed experimental know-how. All uploaded protocols are made freely
available, assigned DOls for ease of citation and fully searchable through nature.com. Protocols can be linked to any publications in which they are used and will
be linked to from your article. You can also establish a dedicated page to collect your entire lab Protocols. By uploading your Protocols to Protocol Exchange, you
are enabling researchers to more readily reproduce or adapt the methodology you use, as well as increasing the visibility of your protocols and papers. Upload
your protocols at the Protocol Exchange web site. Further information can be found here.

Content Sharing

In order to aid the dissemination of research swiftly and legally to the broader community, we are providing all authors with the ability to generate a unique
shareable link that will allow anyone to read the published article. If you have selected an Open Access option for your paper, or where an individual can view
content via a personal or institutional subscription, recipients of the link will also be able to download and print the PDF.

As soon as your article is published, you can generate your shareable link by entering the DOI of your article here: http://authors.springernature.com/share

We encourage you to forward this link to your co-authors, as sharing your paper is a great way to improve the visibility of your work. There are no restrictions on
the number of people you may share this link with, how many times they can view the linked article or where you can post the link online. More information on
Springer Nature’s commitment to content sharing is available here

EDITORIAL POLICIES

Researchers should conduct their research — from research proposal to publication —in line with best practices and codes of conduct of relevant professional
bodies and/or national and international regulatory bodies.

Springer Nature is committed to upholding the integrity of the scientific record. As a member of the Committee on Publication Ethics (COPE), Oncogene abides
by COPE’s principles on how to deal with potential acts of misconduct, which includes formal investigation of all perceived transgressions.

Authorship
Requirements for all categories of articles should conform to the “Uniform Requirements for Manuscripts Submitted to Biomedical Journals,” developed by
the ICMJE (www.icmje.org).

Each author must have contributed sufficiently to the intellectual content of the submission. The corresponding author should list all authors and their
contributions to the work. The corresponding author must confirm that he or she has had full access to the data in the study and final responsibility for the
decision to submit for publication.

To qualify as a contributing author, one must meet all of the following criteria:
1. Conceived and/or designed the work that led to the submission, acquired data, and/or played an important role in interpreting the results.
2.  Drafted or revised the manuscript.
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3. Approved the final version.
4.  Agreed to be accountable for all aspects of the work in ensuring that questions related to the accuracy or integrity of any part of the work are
appropriately investigated and resolved.

Contributions by individuals who made direct contributions to the work but do not meet all of the above criteria should be noted in the Acknowledgments
section of the manuscript. Medical writers and industry employees can be contributors. Their roles, affiliations, and potential conflicts of interest should be
included in the author list or noted in the Acknowledgments and/or Contributors section concurrent with their contribution to the work submitted. Signed
statements from any medical writers or editors declaring that they have given permission to be named as an author, as a contributor, or in the
Acknowledgments section is also required. Failure to acknowledge these contributors can be considered inappropriate, which conflicts with the journal’s
editorial policy.

Changes to authorship

It is the corresponding author’s responsibility to ensure that the author list is correct at the point of first submission. Requests to change the authorship
(such as to include or exclude an author, change an author's name or contribution) must be accompanied by a letter signed by all authors to show they
concur with the change. New authors must also confirm that they fully comply with the journal's authorship requirements. Requests for addition or removal
of authors as a result of authorship disputes (after acceptance) are honoured after formal notification by the institute or independent body and/or when
there is agreement between all authors. Changes to the authorship will not be allowed once the manuscript has been accepted for publication.

Correspondence with the Journal

One author is designated the contact author for matters arising from the manuscript (materials requests, technical comments and so on). It is this author's
responsibility to inform all co-authors of matters arising and to ensure such matters are dealt with promptly. Before submission, the corresponding author
ensures that all authors are included in the author list, its order agreed upon by all authors, and are aware that the manuscript was submitted. After
acceptance for publication, proofs are e-mailed to this corresponding author who should circulate the proof to all co-authors and coordinate corrections
among them

Anonymity and Confidentiality

Editors, authors and reviewers are required to keep confidential all details of the editorial and peer review process on submitted manuscripts. Unless
otherwise declared as a part of open peer review, the peer review process is confidential and conducted anonymously. All details about submitted
manuscripts are kept confidential and no comments are issued to outside parties or organizations about manuscripts under consideration or if they are
rejected. Editors are restricted to making public comments on a published article’s content and their evaluation.

Upon accepting an invitation to evaluate a manuscript, reviewers must keep the manuscript and associated data confidential, and not redistribute them
without the journal’s permission. If a reviewer asks a colleague to assist in assessing a manuscript, confidentiality must be ensured and their names must be
provided to the journal with the final report.

We ask reviewers not to identify themselves to authors without the editor's knowledge. If they wish to reveal their identities while the manuscript is under
consideration, this should be done via the editor; if this is not practicable, we ask authors to inform the editor as soon as possible after the reviewer has
revealed their identity. Our own policy is to neither confirm nor deny any speculation about reviewers' identities, and we encourage reviewers to adopt a
similar policy.

We deplore any attempt by authors to confront reviewers or try to determine their identities. Reviewers should be aware that it is our policy to keep their
names confidential and that we do our utmost to ensure this confidentiality. We cannot, however, guarantee to maintain this confidentiality in the face of a
successful legal action to disclose identity.

Regardless of whether a submitted manuscript is eventually published, correspondence with the journal, referees’ reports, and other confidential material
must not be published, disclosed, or otherwise publicised without prior written consent.

Communication with the Media

Material submitted must not be discussed with the media. We reserve the right to halt the consideration or publication of a paper if this condition is broken.
If a paper is particularly newsworthy, the press release will be sent to our list of journalists in advance of publication with an embargo that forbids any
coverage of the manuscript, or the findings of the manuscript, until the time and date clearly stated. Authors whose papers are scheduled for publication
may also arrange their own publicity (for instance through their institution’s press offices), but they must strictly adhere to our press embargo and are
advised to coordinate their own publicity with our press office.

Pre- and Post-Submissions

Authors are welcome to post pre-submission versions or the original submitted version of the manuscript on a personal blog, a collaborative wiki or a
recognized preprint server (such as ArXiv or BioRXiv) at any time (but not subsequent pre-accept versions that evolve following peer review).

For subscribed content, the accepted version of the manuscript, following the review process, may only be posted 6 months after the paper is published in a
Springer Nature journal. A publication reference and URL to the published version on the journal website must be provided on the first page of the
postprint. The published version — copyedited and in the individual Springer Nature journal format — may not be posted on any website or preprint server.
For open access content published under a creative commons license, authors can replace the submitted version with the final published version at
publication as long as a publication reference and URL to the published version on the journal website are provided

Permissions

If a table or figure has been published before, the authors must obtain written permission to reproduce the material in both print and electronic formats
from the copyright owner and submit it with the manuscript. This follows for illustrations and other materials taken from previously published works not in
the public domain. The original source should be cited in the figure caption or table footnote. Permission to reproduce material can usually be obtained
through the Copyright Clearance Center.
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Competing Interests

In the interests of transparency and to help readers form their own judgments of potential bias, authors must declare whether or not there are any
competing financial interests in relation to the work described. The corresponding author is responsible for submitting a competing financial interests
statement on behalf of all authors of the paper. This statement must be included in the cover letter and on the title page of the manuscript, as well as within
the article before the References section listed under 'Competing Interests'.

In cases where the authors declare a competing financial interest, a statement to that effect is published as part of the article. If no such conflict exists, the
statement will simply read that the authors have nothing to disclose.

For the purposes of this statement, competing interests are defined as those of a financial nature that, through their potential influence on behaviour or
content, or from perception of such potential influences, could undermine the objectivity, integrity or perceived value of a publication. They can include any
of the following:

(] Funding: Research support (including salaries, equipment, supplies, reimbursement for attending symposia, and other expenses) by organizations
that may gain or lose financially through this publication. The role of the funding body in the design of the study, collection and analysis of data
and decision to publish should be stated.

(] Employment: Recent (while engaged in the research project), present or anticipated employment by any organization that may gain or lose
financially through this publication. This includes positions on an advisory board, board of directors, or other type of management relationship.

(] Personal financial interests: Stocks or shares in companies that may gain or lose financially through publication; consultation fees or other forms
of remuneration from organisations that may gain or lose financially.

(] Patents: Holding, or currently applying for, patents, relating to the content of a manuscript; receiving reimbursement, fees, funding, or salary
from an organization that holds or has applied for patents relating to the content of the manuscript.

It is difficult to specify a threshold at which a financial interest becomes significant, but note that many US universities require faculty members to disclose
interests exceeding $10,000 or 5% equity in a company. Any such figure is arbitrary, so we offer as one possible practical alternative guideline: "Declare all
interests that could embarrass you were they to become publicly known after your work was published." We do not consider diversified mutual funds or
investment trusts to constitute a competing financial interest.

The statement included in the submission must contain an explicit and unambiguous description of any potential competing interests, or lack thereof, for
any of the authors as it relates to the subject of the report. Examples include:

° Competing Interests
The authors declare no competing financial interests

. Competing Interests
Dr Caron's work has been funded by the NIH. He has received compensation as a member of the scientific advisory board of Acadia
Pharmaceutical and owns stock in the company. He also has consulted for Lundbeck and received compensation. Dr Rothman and Dr Jensen
declare no potential competing interests.

Neither the precise amount received from each entity nor the aggregate income from these sources needs to be provided.

Non-financial interests that authors may like to disclose include:

a close relationship with, or a strong antipathy to, a person whose interests may be affected by publication of the article,
an academic link or rivalry with someone whose interests may be affected by publication of the article,
membership in a political party or special interest group whose interests may be affected by publication of the article, or

a deep personal or religious conviction that may have affected what the author wrote and that readers should be aware of when reading the
article.

Studies involving animals and other human subjects

Research involving human subjects, human material, or human data must have been performed in accordance with the Declaration of Helsinki and must
have been approved by an appropriate ethics committee. A statement detailing this, including the name of the ethics committee and the reference number
where appropriate, along with a statement confirming that informed consent was obtained from all subjects, must appear in all manuscripts reporting such
research.

For primary research manuscripts reporting experiments on live vertebrates and/or higher invertebrates, the corresponding author must confirm that all
experiments were performed in accordance with relevant guidelines and regulations. The manuscript must include in the Supplementary Information
(methods) section (or, if brief, within of the print/online article at an appropriate place), a statement identifying the institutional and/or licensing committee
approving the experiments, including any relevant details regarding animal welfare, patient anonymity, drug side effects and informed consent. Sex and
other characteristics of animals that may influence results must be described. Details of housing and husbandry must be included where they are likely to
influence experimental results. Oncogene recommends following the ARRIVE reporting guidelines when documenting animal studies.

Clinical Trials

All clinical trials must be registered in a public registry prior to submission and the trial registry number must be included in the manuscript and provided on
submission.. The journal follows the trials registration policy of the ICMJE (www.icmje.org) and considers only trials that have been appropriately registered
before submission, regardless of when the trial closed to enrolment. Acceptable registries must meet the following ICMJE requirements:
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(] be publicly available, searchable, and open to all prospective registrants
(] have a validation mechanism for registration data

(] be managed by a not-for-profit organization
Examples of registries that meet these criteria include:

ClinicalTrials.gov the registry sponsored by the United States National Library of Medicine
the International Standard Randomized Controlled Trial Number Registry

the Cochrane Renal Group Registry

the European Clinical Trials Database

bl ol

Randomised Controlled Trials (RCTs) must adhere to the CONSORT statement, (CONsolidated Standards Of Reporting Trials) and submissions must be
accompanied by a completed CONSORT checklist (uploaded as a related manuscript file). Further information can be found at www.consort-statement.org.

Informed Consent

When publishing identifiable images from human research participants, authors must include a statement attesting that they have obtained informed
consent for publication of the images. If the participant is deceased, consent must be sought from the next of kin of the participant. All reasonable measures
must be taken to protect patient anonymity. Black bars over the eyes are not acceptable means of anonymization. In certain cases, the journal may insist
upon obtaining evidence of informed consent from authors. Images without appropriate consent will be removed from publication.

Cell Line Authentication
If human cell lines are used, authors are strongly encouraged to include the following information in their manuscript:

o the source of the cell line, including when and from where it was obtained,
o whether the cell line has recently been authenticated and by what method, and

(] whether the cell line has recently been tested for mycoplasma contamination.

Further information is available from the International Cell Line Authentication Committee (ICLAC). We recommend that authors check the NCBI
database for misidentification and contamination of human cell lines.

Biosecurity Policy

The Editor may seek advice about submitted papers not only from technical reviewers but also on any aspect of a paper that raises concerns. These may
include, for example, ethical issues or issues of data or materials access. Occasionally, concerns may also relate to the implications to society of publishing a
paper, including threats to security. In such circumstances, advice will usually be sought simultaneously with the technical peer-review process. As in all
publishing decisions, the ultimate decision whether to publish is the responsibility of the editor.

Reproducibility

Oncogene requires authors of papers that are sent for external review to include in their manuscripts relevant details about several elements of
experimental and analytical design. This initiative aims to improve the transparency of reporting and the reproducibility of published results,  focusing

on elements of methodological information that are frequently poorly reported. Authors being asked to resubmit a manuscript will be asked to confirm that
these elements are included by filling out a checklist that will be made available to the editor and reviewers.

Research Data Policy

An inherent principle of publication is that others should be able to replicate and build upon the authors' published claims. We strongly encourage that all
datasets on which the conclusions of the paper rely should be available to readers. We encourage authors to ensure that their datasets are either deposited
in publicly available repositories (where available and appropriate) or presented in the main manuscript or additional supporting files whenever possible. If
a public repository does not exist, the information must be made available to editors and referees at submission, and to readers promptly upon request.
Any restrictions on material availability or other relevant information must be disclosed in the manuscript’s Methods section and should include details of
how materials and information may be obtained.

Please see the journals guidelines on Research Data policy here.

Sequences, Structures and “Omics”

Papers reporting protein or DNA sequences and molecular structures will not be accepted without an accession number

to Genbank, EMBL, DDBJ, Uniprot, ProteinDataBank, or other publicly available database in general use in the field that gives free access to researchers from
the date of publication.

Authors of papers describing structures of biological macromolecules must provide experimental data upon the request of Editor if they are not already
freely accessible in a publicly available database such as ProteinDataBank, Biological Magnetic Resonance Databank, or Nucleic Acid Database.

Misconduct

Springer Nature takes seriously all allegations of potential misconduct. As a member of the Committee on Publication Ethics (COPE), Oncogene will follow the
COPE guidelines outlining how to deal with cases of suspected misconduct. As part of the investigation, the journal may opt to do one or more of the
following:

e suspend review or publication of a paper until the issue has been investigated and resolved;
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® request additional information from the author, including original data or images or ethics committee or IRB approval;

* make inquiries of other titles believed to be affected;

e forward concerns to the author’s employer or person responsible for research governance at the author’s institution;

e refer the matter to other authorities or regulatory bodies (for example, the Office of Research Integrity in the US or the General Medical Council in
the UK); or

e submit the case to COPE in an anonymized form for additional guidance on resolution.

Please note that, in keeping with the journal’s policy of the confidentiality of peer review, if sharing of information with third parties is necessary, disclosure
will be made to only those Editors who the Editor believes may have information that is pertinent to the case, and the amount of information will be limited
to the minimum required.

Duplicate Publication

Papers must be original and not published or submitted for publication elsewhere. This rule also applies to non-English language publications..

Springer Nature allows and encourages prior publication on recognized community preprint servers for review by other scientists before formal submission
to a journal. The details of the preprint server concerned and any accession numbers should be included in the cover letter accompanying manuscript
submission. This policy does not extend to preprints available to the media or that are otherwise publicized outside the scientific community before or
during the submission and consideration process.

Springer Nature also allows publication of meeting abstracts before the full contribution is submitted. Such abstracts should be included with the journal
submission and referred to in the cover letter accompanying the manuscript. Again this policy does not extend to meeting abstracts and reports available to
the media or which are otherwise publicised outside the scientific community during the submission and consideration process.

Plagiarism

Plagiarism is when an author attempts to pass off someone else's work as his or her own. Duplicate publication, sometimes called self-plagiarism, occurs
when an author reuses substantial parts of his or her own published work without providing the appropriate references. This can range from getting an
identical paper published in multiple journals, to 'salami-slicing', where authors add small amounts of new data to a previous paper.

Plagiarism can be said to have clearly occurred when large chunks of text have been cut-and-pasted. Minor plagiarism without dishonest intent is relatively
frequent, for example, when an author reuses parts of an introduction from an earlier paper. Journal editors judge any case of which they become aware
(either by their own knowledge of and reading about the literature, or when alerted by referees) on its own merits.

Springer Nature is a member of Similarity Check (formerly CrossCheck), a multi-publisher initiative used to screen published and submitted content for
originality. Oncogene uses Similarity Check to detect instances of overlapping and similar text in submitted manuscripts. To find out more about visit

the Similarity Check website.

If a case of plagiarism comes to light after a paper is published, the Journal will conduct a preliminary investigation, utilising the guidelines of the Committee
on Publication Ethics. If plagiarism is proven, the Journal will contact the author's institute and funding agencies as appropriate. The paper containing the
plagiarism may also be formally retracted or subject to correction.

Data Fabrication & Falsification

Falsification is the practice of altering research data with the intention of giving a false impression. This includes, but is not limited to, manipulating images,
removing outliers or “inconvenient” results, or changing, adding or omitting data points. Fabrication is the practice of inventing data or results and recording
and/or reporting them in the research record. Data falsification and fabrication call into question the integrity and credibility of data and the data record,
and as such, they are among the most serious issues in scientific ethics.

Some manipulation of images is allowed to improve them for readability. Proper technical manipulation includes adjusting the contrast and/or brightness or
colour balance if it is applied to the complete digital image (not parts of the image). The author should notify the Editor in the cover letter of any technical
manipulation. Improper technical manipulation refers to obscuring, enhancing, deleting and/or introducing new elements into an image. See Image Integrity
& Standards below for more details.

Image Integrity and Standards

Images submitted with a manuscript for review should be minimally processed (for instance, to add arrows to a micrograph). Authors should retain their
unprocessed data and metadata files, as editors may request them to aid in manuscript evaluation. If unprocessed data is unavailable, manuscript
evaluation may be stalled until the issue is resolved.

A certain degree of image processing is acceptable for publication, but the final image must correctly represent the original data and conform to community
standards. The guidelines below will aid in accurate data presentation at the image processing level:

e Authors should list all image acquisition tools and image processing software packages used. Authors should document key image-gathering
settings and processing manipulations in the Methods section.

® Images gathered at different times or from different locations should not be combined into a single image, unless it is stated that the resultant
image is a product of time-averaged data or a time-lapse sequence. If juxtaposing images is essential, the borders should be clearly demarcated in
the figure and described in the legend.

® Touch-up tools, such as cloning and healing tools in Photoshop, or any feature that deliberately obscures manipulations, is to be avoided.

®  Processing (such as changing brightness and contrast) is appropriate only when it is applied equally across the entire image and is applied equally to
controls. Contrast should not be adjusted so that data disappear. Excessive manipulations, such as processing to emphasize one region in the image
at the expense of others (for example, through the use of a biased choice of threshold settings), is inappropriate, as is emphasizing experimental
data relative to the control.

For gels and blots, positive and negative controls, as well as molecular size markers, should be included on each gel and blot — either in the main figure or an
expanded data supplementary figure. The display of cropped gels and blots in the main paper is encouraged if it improves the clarity and conciseness of the
presentation. In such cases, the cropping must be mentioned in the figure legend.
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e Vertically sliced gels that juxtapose lanes that were not contiguous in the experiment must have a clear separation or a black line delineating the
boundary between the gels.

e Cropped gels in the paper must retain important bands.

e Cropped blots in the body of the paper should retain at least six band widths above and below the band.

e High-contrast gels and blots are discouraged, as overexposure may mask additional bands. Authors should strive for exposures with gray
backgrounds. Immunoblots should be surrounded by a black line to indicate the borders of the blot, if the background is faint.

®  For quantitative comparisons, appropriate reagents, controls and imaging methods with linear signal ranges should be used.

Microscopy adjustments should be applied to the entire image. Threshold manipulation, expansion or contraction of signal ranges and the altering of high
signals should be avoided. If ‘pseudo-colouring’ and nonlinear adjustment (for example ‘gamma changes’) are used, this must be disclosed. Adjustments of
individual colour channels are sometimes necessary on ‘merged’ images, but this should be noted in the figure legend. We encourage inclusion of the
following with the final revised version of the manuscript for publication:

* Inthe Methods section, specify the type of equipment (microscopes/objective lenses, cameras, detectors, filter model and batch number) and
acquisition software used. Although we appreciate that there is some variation between instruments, equipment settings for critical measurements
should also be listed.

e The display lookup table (LUT) and the quantitative map between the LUT and the bitmap should be provided, especially when rainbow pseudo-
colour is used. It should be stated if the LUT is linear and covers the full range of the data.

e Processing software should be named and manipulations indicated (such as type of deconvolution, three-dimensional reconstructions, surface and
volume rendering, 'gamma changes', filtering, thresholding and projection).

e Authors should state the measured resolution at which an image was acquired and any downstream processing or averaging that enhances the
resolution of the image.

Correction and Retraction Process

If there is suspicion of misconduct, the journal will carry out an investigation following COPE guidelines. Following an investigation, if the allegation raises
valid concerns, the author will be contacted and given an opportunity to address the issue. If misconduct is established beyond reasonable doubt, this may
result in the Editor implementing one of the following measures:

e [fthe article is still under consideration, it may be rejected and returned to the author.

e [f the article has already been published online, depending on the nature and severity of the infraction, either an erratum will be published
alongside the article or, in severe cases, complete retraction of the article will occur. The reason for the erratum or retraction must be given.

® In either case, the author’s institution or funding agency may be informed.

Content published as Advance Online Publication (AOP) is final and cannot be amended. The online and print versions are both part of the published record
hence the original version must be preserved and changes to the paper should be made as a formal correction. If an error is noticed in an AOP article, a
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original article. If the error is found in an article after print publication the correction will be published online and in the next available print issue.
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* Erratum. Notification of an important error made by the journal that affects the publication record or the scientific integrity of the paper, or the
reputation of the authors, or of the journal.
e Corrigendum. Notification of an important error made by the author that affects the publication record or the scientific integrity of the paper, or
the reputation of the authors or the journal.
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FURTHER INFORMATION

For inquiries related to submission requirements, please contact the editorial office. For inquiries related to advertising, subscriptions, permissions, papers in
production or publishing a supplement, please contact the publisher’s office.

Revised 12/9/2017

SPRINGER NATURE


https://www.nature.com/onc/contact/
https://www.nature.com/onc/contact/

