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Introduction

Aging is a complex event generally characterized by a decline in 
function. Recently, a review of the aging literature led to the iden-
tification of 9 factors associated with aging, one of which is the loss 
of proteostasis.1 In a normal cell, damaged proteins, which have 
been modified and no longer perform their intended function, 
are degraded by the proteasome, a multisubunit enzyme complex. 
Proteasomal activity declines with age in mice, and its role in aging 
appears to be well conserved, as the mutations of proteasomal com-
ponents result in reduced lifespan in both mice and yeast.2,3 The 
result of proteasomal dysfunction is the accumulation of damaged 
proteins that can be toxic to the cell, resulting in a decline of func-
tion. Both proteins improperly folded and covalently modified 
as a result of oxidative stress are examples of damaged proteins. 
As these are post-translational modifications, it is not feasible to 
overexpress a type of damaged protein in a cell to study its effects. 
Alternatively, a model of damaged proteins can be used.

Huntington disease (HD) is caused by an abnormal expan-
sion (>40) of cytosine–adenine–guanine repeats in the IT15 
gene, which results in the production of abnormal Huntingtin 
(Htt). HD is characterized by neurodegeneration and Htt aggre-
gates, termed inclusion bodies, both of which increase with age.4 
Similar to damaged proteins, Htt has lost its normal function, 
can be degraded by the proteasome, forms aggregates, and indi-
rectly impairs proteasomes and decreases a cell’s ability to resist 
stress.5 For example, Htt expression in yeast with enhanced 

proteasomal activity results in reduced inclusion body formation 
compared with wild type.3 Therefore, Htt provides an excellent 
model to study the impact of damaged proteins on cells. Initially, 
inclusion bodies were proposed to be responsible for the neuro-
nal death associated with HD; however, inclusion bodies were 
not preferentially localized to areas of the brain that experience 
the greatest cell death during disease6,7 and did not predict cell 
death when neurons were tracked with live imaging.8 This led to 
the theory that diffuse Htt is the more toxic conformation, and 
inclusion bodies protect the cell from death by sequestering dif-
fuse Htt,8 although this is still under debate.9

So far, the toxicity of different conformations of Htt primarily 
has been studied in differentiated cells, as the symptoms of HD 
result from neuronal death. Cells capable of proliferation also are 
susceptible to damaged protein toxicity, and it is unclear whether 
the conformation of damaged proteins determines their toxicity. 
In contrast to differentiated cells, proliferating cells can reduce 
damaged protein content through cell division. For example, the 
polarization of damaged proteins during mitosis results in one 
cell that is relatively free of damage after division. In Drosophila, 
endogenous damaged proteins have been found to asymmetri-
cally segregate in the female germline stem cell, intestinal stem 
cell, and larval neuroblast in vivo.10 Htt aggregates have also 
been found to polarize during mitosis of embryonic neuroblasts 
in Drosophila.11 In bacteria and yeast, the unequal inheritance 
of damaged proteins has been found to have a functional con-
sequence, where the cell that receives the majority of damaged 
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Recent evidence suggests that proliferating cells polarize damaged proteins during mitosis to protect one cell from 
aging, and that the structural conformation of damaged proteins mediates their toxicity. We report that the growth, resis-
tance to stress, and differentiation characteristics of a cancer cell line (pC12) with an inducible Huntingtin (Htt) fused to 
enhanced green fluorescent protein (GFp) are dependent on the conformation of Htt. Cell progeny containing inclusion 
bodies have a longer cell cycle and increased resistance to stress than those with diffuse Htt. Using live imaging, we dem-
onstrate that asymmetric division resulting from a cell containing a single inclusion body produces sister cells with different 
fates. the cell that receives the inclusion body has decreased proliferation and increased differentiation compared with its 
sister cell without Htt. this is the first report that reveals a functional consequence of the asymmetric division of damaged 
proteins in mammalian cells, and we suggest that this is a result of inclusion body-induced proteasome impairment.
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proteins exhibits signs of aging.12,13 Proteins destined for degra-
dation also have been reported to asymmetrically segregate in 
mammalian cells in vitro; however, the effect of this phenom-
enon on cell fate has yet to be described.14

To determine the effect of diffuse Htt and inclusion bodies 
on proliferating cells, we studied the proliferation and resistance 
to stress of cancer cells expressing inducible Htt fused to GFP. 
We found that cells containing an inclusion body have reduced 
proliferation and increased resistance to stress compared to cells 
with diffuse Htt. Using live imaging, we also demonstrate that 
cells inheriting the inclusion body during asymmetric division 
have an increased cell cycle length and tendency to differentiate.

Results and Discussion

Cells containing an inclusion body have a longer cell cycle 
than cells containing diffuse Htt

Developed from a rat phaeochromocytoma cell line (PC12), 
14A2.5 cells express a hybrid ecdysone receptor that allows 
for inducible expression of Htt containing 103 polyglutamine 
repeats fused to GFP.15 After 4 d of induction with 10 μM pon-
asterone A, 14A2.5 cells were sorted into inclusion body and dif-
fuse populations (Fig. 1A; method in ref. 16). Cells were plated 
in a 96-well plate at 350 cells/well, and their proliferation was 
assessed over 5 d using the PrestoBlue assay. A 2-way ANOVA 
demonstrated a significant interaction between cell population 
and time (F[8,270] = 11.51, P < 0.05), and Bonferroni post-tests 
indicated that inclusion body cells had significantly lower prolif-
eration than diffuse and non-induced cells on day 3–5 (P < 0.05). 
There was no significant difference between non-induced and 
diffuse cells at any time point (P > 0.05) (Fig. 1B). The average 
doubling time for non-induced, diffuse, and inclusion body cells 
were 1.5, 1.6, and 3.0 d, respectively.

Proliferation was also measured after each population was 
sorted into plates, with a single cell per well. Consistent with the 
population study, diffuse and non-induced cells had significantly 
greater proliferation than inclusion body cells over 7 d (Fig. 1C, 
examples in Fig. 1D). Average doubling times were nearly identi-
cal when cells were plated 350 cells/well or as single cells per well, 
with times of 1.5, 1.6, and 2.8 d for non-induced, diffuse, and 
inclusion body single cells, respectively. A 2-way ANOVA dem-
onstrated a significant interaction between cell population and 
time (F[12,483] = 2.78, P < 0.05), and Bonferroni post-tests indi-
cated that all populations had significantly different cell numbers 
on day 7, with inclusion body cells producing the fewest cells over 
7 d (P < 0.05). Furthermore, only 7.1 ± 2.7% of the wells with 

inclusion body cells contained a single cell that divided at least 
once over a 7-d period, whereas the non-induced and inclusion 
body cells contained dividing cells in 19.0 ± 3.6% and 17.9 ± 
4.7% of the wells, respectively. This may be an artifact due to the 
longer cell cycle time of inclusion body cells and/or cell death. 
When induced cells were stained for activated caspase 3, there 
were nearly double the number of inclusion body cells positive for 
this indicator of apoptosis (11.1 ± 1.1%) compared with diffuse 
cells (5.9 ± 0.6%). Therefore, cells containing an inclusion body 
have reduced proliferation and increased cell death compared 
with cells containing diffuse Htt.

To control for the possibility that cell sorting preferentially 
changed the growth characteristics of inclusion body cells, pro-
liferation was also assessed upon chemical induction of inclu-
sion bodies in unsorted populations. 2-bromopalmitate (2-BP) 
reversibly inhibits palmitoylation, which is involved in traffick-
ing Htt to the Golgi and has been shown previously to enhance 
the formation of inclusion bodies in Htt-expressing cells.17 When 
exposed to 2-BP during a 2 d induction period, 73.4 ± 2.2% 
of cells contained inclusion bodies compared to 14.7 ± 2.9% of 
cells exposed to induction media only. This difference was also 
evident when cells were analyzed by FACS (Fig. 2A). Analogous 
to the results of the sorted population growth curve, the popula-
tion with the greatest number of inclusion bodies (induction + 
2-BP) had the slowest doubling time at 2.5 d (Fig. 2B). Adding 
2-BP to non-induced cultures did not affect the growth rate com-
pared to non-induced cells in growth media; average cell cycle 
times were 1.8 and 1.9 d, respectively. A 2-way ANOVA demon-
strated a significant interaction between cell population and time 
(F[12 400] = 17.33, P < 0.05), and Bonferroni post-tests indicated 
that induced + 2-BP cells had significantly less proliferation than 
diffuse and non-induced cells from day 2–5 (P < 0.05).

Cells containing an inclusion body are more resistant to 
stress than cells with diffuse Htt

Currently, it is debated whether inclusion bodies cause the toxic 
effects of Htt, or if they enhance a cell’s ability to protect itself 
from stress.18 One hypothesis is that diffuse Htt is toxic, because 
it disrupts proteasomal function, and inclusion bodies reduce the 
amount of diffuse Htt within cells through aggregation, thereby 
limiting their toxic effects.18 Due to the extensive differences 
in the diffuse and inclusion body populations, it was predicted 
that the response to stress would differ as well. When cells were 
exposed to oxidative stress (hydrogen peroxide) or Doxorubicin 
(a common chemotherapeutic that causes DNA damage) for 
24 h, the cells with the most inclusion bodies (induced + 2-BP) 
were more resistant than non-induced and induced cells to both 

Figure 1 (See opposite page). Inclusion body-containing cells have a longer cell cycle than diffuse cells. (A) Htt–GFp expression was induced in 14A2.5 
cells with 10 μM of ponasterone-A for 4 d prior to cell suspension and sorting. Cells with inclusion bodies (population p6) can be sorted based on the GFp 
signal having a smaller height and width than cells containing diffuse GFp throughout the cell (population p7). (B) Live non-induced, diffuse, and inclu-
sion body cells were sorted prior to plating at 350 cells/well in maintenance medium in a 96-well plate. the prestoBlue viability assay was used to assess 
proliferation for 5 d after plating. prestoBlue is a resazurin-based compound that is converted into a fluorescent product upon reduction by a viable 
cell, increasing proportionally with cell number. the graph represents the average of 3 independent experiments and error bars indicate the standard 
error of the mean. Asterisks indicate a significant difference (P < 0.05) in proliferation between inclusion body cells and non-induced and diffuse cells 
by Bonferroni post-test. (C) Non-induced, diffuse, and inclusion body cells were sorted into single cells per well of a 96-well plate. Cells were counted 
every day for 7 d after plating. the graph represents the average of 3 independent experiments, and error bars indicate the standard error of the mean. 
Asterisk indicates a significant difference (P < 0.05) in proliferation between inclusion body cells and non-induced and diffuse cells by Bonferroni post-
test. (D) examples of single-cell proliferation for non-induced (upper), diffuse (middle), and inclusion body cells (lower) (GFp is labeled in green).
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types of cell stress (Fig. 2C, examples Fig. 2D). A 2-way ANOVA 
demonstrated significant main effects of treatment (F[1,184] = 
61.05, P < 0.05) and cell population (F[3184] = 13.33, P < 0.05). 
Bonferroni post-tests indicated that adding 2-BP to growth 

medium did not significantly change the resistance of cells to 
either type of stress compared to non-induced cells (P > 0.05). 
Cells induced in the presence of 2-BP had a significantly greater 
ratio of viability (experiment:control) compared to non-induced 

Figure 1. For figure legend, see page 1202.

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
T

or
on

to
 L

ib
ra

ri
es

] 
at

 0
8:

27
 0

4 
M

ar
ch

 2
01

5 



1204 Cell Cycle Volume 13 Issue 7

and induced cells, indicating a protective effect of inclusion bod-
ies (P < 0.05). Therefore, the most slowly cycling cells appear to 
be the most resistant to stress.

Live-imaging reveals that asymmetric inheritance of inclu-
sion bodies impacts cell fate

Of note, the number of differentiated cells differed between 
the diffuse and inclusion body-containing cells. Neurite length is 
often used to measure the differentiation status of PC12 cells,19 
and only 0.8 ± 0.4% of cells induced for 2 d had at least 1 neu-
rite greater than 100 μm in length, whereas 2.6 ± 1.4% of cells 
exposed to the induced +2-BP condition for 2 d consisted of 

these differentiated cells 1–2 d after plating. Live imaging was 
used to determine if the presence of an inclusion body influenced 
cell differentiation. When inclusion body-containing cells were 
tracked by live imaging in growth media, no difference was seen 
in the morphology of the 2 daughter cells (one with an inclusion 
body and one without) immediately following division. However, 
there was a difference in the amount of time prior to the next 
division of the 2 daughter cells. In 81.2% of divisions tracked, 
the daughter cell containing the inclusion body did not divide 
or divided after the daughter cell without an inclusion body 
(example Fig. 3A). This lengthening of the cell cycle may be due 

Figure 2. Increasing the number of inclusion body-containing cells by inhibiting palmitoylation increases resistance to stress. (A) the population of cells 
induced in the presence of 2-Bp for 2 d has a distinct FACS profile from cells grown in induction medium, revealing an increase in the proportion of the 
population that contains inclusion bodies (population p6). (B) 14A2.5 cells were cultured in maintenance medium (non-induced), induction medium 
with and without 2-Bp, and 2-Bp in maintenance medium for 2 d prior to plating at 350 cells/well in 96-well plates in maintenance medium. Cell viability 
was assessed every day for 5 d after plating. the graph represents the average of 3 independent experiments, and error bars indicate the standard error 
of the mean. Asterisks indicate a significant difference (P < 0.05) in proliferation between cells in the induction + 2-Bp condition compared with induced 
and non-induced cells by Bonferroni post-test. (C) to determine if inclusion bodies affect the ability of a cell to resist stress, the same cell populations 
were plated at 500 cells/well and treated after 24 h of plating with hydrogen peroxide or doxorubicin for 24 h. the prestoBlue viability assay was used 
to compare cell viability of control and treated cells, and the ratio of relative fluorescence units in each experimental condition to the same cell type in 
the maintenance condition is displayed on the y-axis. the graph represents an average of 3 independent experiments and error bars indicate the stan-
dard error of the mean. Asterisks indicate a significant difference (P < 0.05) in ratio of prestoBlue in experiment:control conditions between cells in the 
induction + 2-Bp condition compared with induced and non-induced cells by Bonferroni post-test. (D) examples of cells in each condition prior to and 
following treatment (GFp is labeled in green).
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to the time it takes to transport the inclusion body to an area of 
the cell where it will not interfere with cell division. It is interest-
ing to note that aggregates of hepatitis B virus X protein have 
been found to lengthen the cell cycle,20 in contrast to the non-
aggregated protein that stimulates proliferation.21 Therefore, the 
presence of an aggregate, regardless of the type of protein, may 
lengthen the cell cycle.

When inclusion body-containing cells were tracked while in 
differentiation media, there was a clear difference in morphology. 
In general, when at least one neurite of a cell reaches a length 
equal to or greater than the diameter of the cell body, the cell is 
classified as differentiated.19 After division of inclusion body-con-
taining cells, the daughter cells that received the inclusion body 
developed significantly longer neurites (average neurite length 
109.3 ± 19.9 μm) than the daughter cells without an inclusion 
body (average neurite length 57.6 ± 11.0 μm) during imaging 
(P < 0.05 by paired 2-tailed Student t test; example Fig. 3B). 
Therefore, the presence of an inclusion body is associated with a 
longer cell cycle and with enhanced differentiation.

How could an inclusion body influence multiple cell charac-
teristics? We propose that each effect is mediated by a change in 
the activity of a single complex: the proteasome. Inclusion bodies 
and proteasome activity are intrinsically linked. Inclusion bodies 
decrease proteasome activity directly through sequestering com-
ponents of the proteasome,22 and indirectly by overloading the 
capacity of the proteasome.5 An inhibition of proteasome activity 
also increases the number of inclusion bodies in Htt-expressing 
cells.23 It is interesting to note that a common proteasome inhibi-
tor, lactacystin, was initially characterized as a compound that 
blocked proliferation and promoted differentiation.24 Further 
studies discovered that proteasomal impairment prevents the 
degradation of factors involved in differentiation.25 This increases 
the amount of time that differentiation factors have to correctly 
localize and generate downstream effectors and is consistent with 

the cell cycle length hypothesis that emphasizes the importance 
of longer cell cycle times for differentiation.26 On the other hand, 
proliferation depends on the degradation of proteins throughout 
the cell cycle. For example, Cyclin B promotes the G

2
–M transi-

tion, and its degradation is required for the cell to exit mitosis.27 
Therefore, cells containing an inclusion body may have enhanced 
differentiation and reduced proliferation due to proteasomal 
impairment.

The increased cell cycle length of cells with an inclusion 
body may also explain their increased resistance to oxidative 
stress compared with cells with diffuse Htt. A longer cell cycle 
has been associated with reduced general energy metabolism28 
and, therefore, reduced levels of intracellular ROS, a common 
by-product of metabolism. Although a population of inclusion 
body-containing cells is more resistant to extreme stress than 
a population of cells with diffuse Htt, the small percentage of 
cells in apoptosis under maintenance conditions was greater in 
cells containing inclusion bodies. This discrepancy with a previ-
ous study, which found an association between cell death and 
high levels of diffuse Htt but not inclusion body presence in 
neurons,8 can be explained by the ability of cells to undergo 
division in the present study. In maintenance conditions, cells 
with diffuse Htt rapidly proliferate, which dilutes the level of 
Htt and any other damaged cellular components. Although the 
presence of an inclusion body decreases the level of diffuse Htt 
within cells, their slower rate of cell division prevents them from 
diluting any toxic by-products of diffuse Htt exposure that may 
have accumulated before the inclusion body formed, thus lead-
ing to higher rates of cell death for proliferating cells with inclu-
sion bodies compared to diffuse Htt. For example, the levels of 
a toxic product of lipid peroxidation, 4-hydroxy-2-nonenal, have 
been found to increase in the presence of Htt, and its accumu-
lation may be responsible for increased cell death in inclusion 
body-containing cells.29

Figure 3. Live imaging reveals differences in cell-fate between progeny of asymmetrically dividing inclusion body cell. (A) example of an inclusion body 
cell (arrowhead) in maintenance medium that undergoes cell division (GFp is labeled in green). the progeny that does not inherit the inclusion body 
(arrow) divides before the cell that received the inclusion body (arrowhead) (n = 16). (B) example of an inclusion body cell (arrowhead) in differentiation 
medium that undergoes cell division (GFp is labeled in green). Neurite length is longer in the cell that inherits the inclusion body (n = 15).
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Conclusions
Overall, cells containing Htt in a diffuse and inclusion body 

form are distinct in terms of proliferation, death, resistance to 
stress, and differentiation. In future studies, it would be inter-
esting to explore the level of proteasome activity in cells with 
an inclusion body and diffuse Htt to determine if inclusion 
body-dependent proteasome inhibition is responsible for the 
decreased proliferation and enhanced differentiation of inclusion 
body-containing cells. We predict that enhancing proteasome 
activity in cells with an inclusion body would increase prolifera-
tion. Similarly, the removal of an inclusion body from a cell is 
expected to increase proliferation. One pathway involved in Htt 
removal is autophagy, where a double membrane surrounds Htt, 
forming an autophagosome, which then fuses with a lysosome 
to be degraded.30 However, it is more difficult to predict if the 
pharmacological induction of autophagy would alter cell fate in 
cells containing inclusion bodies. For example, rapamycin inhib-
its mammalian target of rapamycin (mTOR) activity, which 
induces autophagy31 and is involved in maintaining the prolifera-
tive potential of cells that experience stimuli inducing cell cycle 
arrest,32 yet it appears to be effective at reducing Htt aggregates 
only in cells with recently formed inclusion bodies.31 This may be 
due to inclusion bodies sequestering and inactivating mTOR.31 
Therefore, the ability of rapamycin to restore the proliferation 
of inclusion body-containing cells may depend on how long an 
inclusion body is present in a cell and/or the size of the inclusion 
body. In future studies, it would be interesting to explore the 
pathways that enhance autophagy and how they affect the prolif-
eration of inclusion body-containing cells.

Materials and Methods

Cell culture
14A2.5 cells were a kind gift from Leslie M Thompson15 and 

were maintained in Dulbecco modified Eagle medium, high glu-
cose (DMEM) supplemented with 10% horse serum, 5% fetal 
bovine serum, 200 μg/mL Zeocin (Invitrogen), and 50 μg/mL 
Geneticin (Gibco). Htt-GFP expression was induced by adding 
10 μM ponasterone A (Invitrogen) to the media for 24 h, 4 d 
after plating. Cells were grown at 37 °C and 5% carbon dioxide.

Cell sorting
Cells were induced and counterstained with propidium iodide 

(0.9 μL/mL, Invitrogen) prior to dissociation and sorting using 
a FacsAria (BD Biosciences). The PulSA method16 was used to 
identify cells containing GFP aggregates, which can be differen-
tiated from cells containing diffuse GFP based on a narrower and 
higher pulse shape.

Aggregate induction
14A2.5 cells were either exposed to maintenance media, 100 

μM of 2-BP (Sigma), 10 μM of ponasterone A, or 10 μM of 
ponasterone A and 100 μM 2-BP 24 h after plating. After 2 d, 
these cells were dissociated for experiments.

PrestoBlue assay
To assess viability and proliferation 100 μL/mL of PrestoBlue 

(Invitrogen) was added to each well, and cells were incubated for 
1 h in the dark at 37 °C and 5% carbon dioxide. Fluorescence 

was measured using a SPECTRAmax GEMINI microplate spec-
trofluorometer (excitation 535 nm, emission 615 nm; Molecular 
Devices). The average fluorescence of wells containing media 
only were used to calculate background fluorescence and sub-
tracted from values of wells with cells.

Cell proliferation
Proliferation of cells was measured at a population and single-

cell level. Cells were induced and sorted into diffuse, inclusion 
body, and non-induced populations and plated at 350 cells/well in a 
96-well Nunc plate. Proliferation was assessed using the PrestoBlue 
assay every day for 5 d. Single cells were also plated in a 96-well 
Nunc plate and the number of cells was counted every day for 7 d.

A similar procedure was used to assess proliferation of cells 
upon adding 2-BP. Cells in the induced, induced +2-BP, 2-BP, 
and non-induced conditions were plated at 350 cells/well of a 
96-well plate and proliferation was assessed using the PrestoBlue 
assay every day for 5 d.

Cell cycle length was estimated, assuming exponential growth, 
based on the following equation: N(t) = C2t/d, where N(t) is the 
relative fluorescence units of PrestoBlue or the number of cells on 
day 5, d is the doubling time, C is the relative fluorescence units 
of PrestoBlue or the number of cells on day 1, and t is time.

Immunocytochemistry
Cells were induced for 4 d then plated in maintenance media 

for 24 h prior to staining. After washing in phosphate buffered 
saline (PBS), cells were fixed with 4% paraformaldehyde for 30 
min at 4 °C. Cells were rinsed 3 times in PBS, prior to block-
ing in 0.25% Triton X-100 PBS with 5% normal goat serum at 
4 °C overnight. Blocking solution was removed, and cells were 
incubated with rabbit anti-activated caspase 3 (1:200, abcam) in 
0.25% Triton X-100 PBS with 1% normal goat serum overnight 
at 4 °C. After 3 washes with 0.25% Triton X-100 PBS cells were 
incubated with goat anti-rabbit Alexa Fluor 568 for 3 h at 4 °C. 
Cells were washed 3 times with 0.25% Triton X-100 PBS prior to 
staining with Hoescht 33258 (1:1000, Sigma) for 10 min at room 
temperature. Images were captured at room temperature with 
the Olympus DP72 12.8 megapixel cooled digital color cam-
era using a 10× (numerical aperture: 0.40) and 20× (numerical 
aperture: 0.45) objective of a confocal laser scanning microscope 
(FV1000, Olympus), and any processing with FV1000 software 
was applied to the whole image.

Stress exposure
Cells exposed to maintenance media, 2-BP, PA, or 2-BP and PA 

for 2 d were dissociated and plated in maintenance media at 500 
cells/well of a 96-well Nunc plate. After 24 h, cells were exposed to 
DMSO control, 100 μM hydrogen peroxide (Sigma), or 300 nM 
doxorubicin hydrochloride (BioShop Canada Inc). The PrestoBlue 
assay was used to measure cell viability 24 h after treatment. Cells 
were imaged prior to treatment and 24 h after treatment with the 
FV1000 Olympus confocal microscope described above.

Live imaging
Time-lapse microscopy was performed using an automated 

Incucyte FLR microscope (Essen Bioscience) with a 10× objec-
tive (numerical aperature 1.49). Cells were induced for 4 d and 
then plated in BD Primaria tissue culture plates (BD Biosciences) 
with maintenance media or differentiation media (DMEM high 
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glucose, 1% horse serum, 0.5% fetal bovine serum, 200 μg/ mL 
Zeocin, 50 μg/mL Geneticin, 50 ng/mL nerve growth factor 
[Invitrogen]) 4 h prior to imaging. Phase-contrast and fluores-
cence images were captured for 9 fields of view per well of a 
6-well plate every hour. Cell divisions were analyzed manually, 
and ImageJ was used to measure neurite length.

Statistics
A 2-way analysis of variance with Bonferroni post-tests was 

used to analyze proliferation and stress exposure experiments. A 
2-tailed paired Student t test was used to compare the length of 
neurites on sister cells with and without an inclusion body.
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