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Abstract (100 words)

The MYC oncogene was previously shown to induce mitotic spindle defects,
chromosome instability, and reliance on the microtubule-associated protein TPX2 to
survive, but how TPX2 levels affect spindle morphology in cancer cells has not
previously been examined in detail. We show that breast cancer cell lines expressing
high levels of MYC and TPX2 possess shorter spindles with increased TPX2 localization
at spindle poles. A similar effect was observed in non-transformed human RPE-1 cells
compared to a tumor cell line (HeLa) that overexpresses MYC. These results
demonstrate that TPX2 alters spindle length and morphology in cancer cells, which may
contribute their ability to divide despite MYC-induced mitotic stress.

Description

MYC is an oncogene that is overexpressed in many aggressive human cancers
(Felsher & Bishop, 1999; Soucek & Evan, 2010). It was shown previously that
overexpression of MYC leads to error-prone mitosis and spindle assembly defects
accompanied by up-regulation of several spindle-associated genes including the
microtubule-associated protein TPX2 (Rohrberg et al., 2020). Targeting Protein for
XkIp2 (TPX2) is a RanGTP-regulated importin cargo that is overexpressed in many
aggressive human cancers and is associated with chromosomal instability (Asteriti et
al., 2010; Carter et al., 2006; Castro et al., 2007; Hu et al., 2012; Neumayer et al.,



2014). Interestingly, TPX2 depletion was shown to be synthetically lethal with MYC
overexpression (Rohrberg et al., 2020).

In a variety of systems, TPX2 has been shown to be essential for spindle bipolarity,
microtubule nucleation, stabilization and organization at spindle poles (Brunet et al.,
2004; Schatz et al., 2003; Tulu et al., 2006). TPX2 is indispensable for microtubule
branching nucleation (Brunet et al., 2004; Petry et al., 2013) and also binds and
activates the mitotic kinase Aurora A (Bayliss et al., 2003; Eyers et al., 2003; Tsai et al.,
2003). Using Xenopus egg extracts, we showed previously that addition of recombinant
TPX2 results in significantly shorter spindles and a change in microtubule organization
(Helmke & Heald, 2014). However, it is poorly understood how overexpression of TPX2
affects spindle architecture in human cancer cells.

To examine the effect of TPX2 overexpression on spindle morphology, we analyzed
three breast cancer cell lines with either high or low MYC and TPX2 levels (Figure 1A).
Tubulin and TPX2 immunofluorescence of BT549 cells expressing high levels of
MYC/TPX2 revealed significantly shorter spindles than the low MYC/TPX2 expressing
lines T47D and MCF7. The high MYC/TPX2 cell line showed greater recruitment of
TPX2 along the length of the spindle, with a greater accumulation at the spindle poles
compared to the low MYC/TPX2 cell lines (Figure 1B&C). We next compared a non-
tumorigenic human retinal pigment epithelium (RPE-1) cell line versus Hela cells that
overexpresses MYC. Immunofluorescence and spindle length analysis again showed
that cells expressing higher levels of TPX2 displayed significantly shorter spindles than
the control (Figure 1D&E). Similar to the high TPX2 expressing breast cancer cells, line
scan analysis of the TPX2/tubulin intensity ratio showed that high MYC Hela cells
recruited increased levels of TPX2 along the length of the spindle (Figure 1F).

In summary, this analysis revealed that cell lines with high levels of TPX2 and MYC
possess morphologically distinct spindles compared to cells expressing low MYC/TPX2.
Future experiments could elucidate how TPX2 mediates this effect by recruiting other
spindle factors such as Aurora A and/or by altering microtubule branching nucleation
and organization. TPX2 upregulation and dependency across various aggressive
cancers make it an attractive target for cancer therapies. Understanding how TPX2
contributes to spindle architecture could provide useful insightful into how this linchpin
spindle assembly protein protects genomically unstable cancer cells.

Methods

Cell culture

BT549 and T47D breast cancer cell lines were grown in RPMI supplemented with 10%
FBS, 10 U/ml penicillin and 10 mg/ml streptomycin at 37°C. MCF7 breast cancer cells,

RPE-1 and Hela were grown in DMEM supplemented with 10% FBS and 10 U/ml
penicillin, 10 mg/ml streptomycin at 37°C.



Immunofluorescence

Cells were seeded overnight on 12 mm coverslips, fixed for 2 minutes in with -20°C
methanol in freezer, washed three times with 1x PBS and permeabilized with 0.5%
Triton X-100 in 1x PBS for 5 minutes at room temperature. Cells were incubated with
blocking buffer (1% goat serum, 0.1% Triton X-100, and 9.8 mg/ml of bovine serum
albumin in 1x PBS) for 1 hour at room temperature. Primary antibodies were diluted with
3% BSA in 1x PBS and added to cells for 1 hour at room temperature. Cells were
washed three times quickly followed by three 5 minutes washes of 1x PBS. Secondary
antibodies were diluted with 3% BSA in 1x PBS and added to cells for 30 minutes at
room temperature. Cells were washed three times quickly followed by three 5 minutes
washes of 1x PBS. Final PBS wash contained 0.05 pg/ml of DAPI. Cells were washed
two times quickly with 1x PBS before being mounted with ProLong Diamond reagent
(Invitrogen). Listed antibodies were used as indicated: Rabbit anti-TPX2 (1:1000,
HPA005487, Sigma), mouse anti-beta tubulin (E7; Developmental Studies Hybridoma
Bank, lowa City, IA), rabbit secondary antibody conjugated to Alexa Fluor 488 (1:500,
A21206, Invitrogen), and mouse secondary antibody conjugated to Alexa Fluor 568
(1:500, A21124, Invitrogen).

Microscopy

Metaphase cells were imaged using micromanager software (Edelstein et al., 2014) with
an Olympus BX51 microscope using an ORCA-ER camera (Hamamatsu Photonics),
and with an Olympus UPlan FL 40x air objective.

Quantification and Statistical Analysis

Spindle length quantification: Individual spindle length measurements were made using
Fiji. Pole to pole distances are represented in boxplots with the thick line indicating
average length and upper and lower box boundaries indicating 75th and 25th percentiles,
respectively. The minimum number of spindles measured (n) is listed in the figure
legend. Statistical significance was determined by unpaired two sample t test using
GraphPad Prism version 10.0.0 for MacOS, GraphPad Software, Boston,
Massachusetts USA, www.graphpad.com. p values are listed in the figure legend.

Fluorescence intensity line scans quantification: Line scans were generated using an
automated Java Imaged plugin developed by X. Zhou
(https://github.com/XiaoMutt/AiSpindle, (Gibeaux et al., 2018). Line scans quantify the
average ratio of hTPX2 to tubulin fluorescence intensity across the spindle length from
pole to pole. Spindle length is normalized across the range from 1-100. The number of
spindles measured in each condition (n) is listed in the figure legend. Error bars indicate
+ standard error over the mean (SEM).

Reagents



Name Source Catalog No.
Rabbit anti-TPX2 Sigma HPA005487
Mouse anti-beta tubulin DSHB E7

Alexa Fluor 488 Invitrogen A21206
Alexa Fluor 568 Invitrogen A21124
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FIGURE 1: Higher TPX2 expression in MYC-driven breast cancer cell lines decreases
spindle length and increases TPX2 intensity, especially at spindle poles. (A)
Immunostaining of metaphase spindles from low and high TPX2 expressing breast
cancer cell lines. Scale bar = 10 um. (B) Quantification of spindle length, T47D n = 32,
MCF7 n = 65, BT549 n = 95. Boxplot shows median marked at center and data maxima
and minima indicated by whiskers. Box shows 25th to 75th percentiles. **** = P < 0.0001
from two-tailed unpaired t tests. (C) Line scan analysis of TPX2/Tubulin fluorescence
intensity, Mean + SEM, T47D n = 25, LY2 n =45, BT549 n = 115 (D) Immunostaining of
fixed metaphase RPE-NEO and HeLa-MYC cells. (E) Quantification of spindle lengths,
RPE-NEO n = 56, HeLa-MYC n = 50. Boxplot shows median marked at center and data
maxima and minima indicated by whiskers. Box shows 25th to 75th percentiles, **** = P
< 0.0001 from two-tailed unpaired t test. (F) Line scan analysis of TPX2/Tubulin
fluorescence intensity, Mean + SEM, RPE-NEO n = 53, HeLa-MYC n = 52.
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