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APB1.42, which is highly toxic to neural cells, is commonly present in the brains of people with Alzheimer’s
disease. In this study, dynamic changes in cell mechanics were monitored under Ap-induced toxicity. To
investigate the changes in cellular mechanical properties, we used AB;_4, oligomer at different concentra-
tions to treat human neuroblastoma SH-SY5H cells. Results demonstrated a two-stage dynamic change in

Keywords: ) cell mechanics during neurodegeneration. Additionally, Young’s modulus (YM) of the treated cells
f\;\lﬂm“hamcs increased in a short period. The reasons include alteration in surface tension, osmotic pressure, and actin

polymerization. Rough cellular membranes were observed from atomic force microscope (AFM) mea-
surement. However, the cellular YM gradually decreased when the cells were continuously exposed to
APB1.42 or to a high concentration of AB;_4>. The major reason for the decreased YM was microtubule dis-
assembly. Dynamic change in YM reflects different activities in cytoplasm in response to AB;_4>. The char-
acteristic changes in cell mechanics provided insights into the dynamic neurodegeneration process of

AB1-42 oligomer

cells induced by AB;.42 oligomer.

© 2019 Published by Elsevier Ltd.

1. Introduction

Beta amyloid (AB), a major component of senile plaques, is pre-
sent in the brains of patients with Alzheimer’s disease (AD) and
plays a crucial role in AD pathogenesis (Mattson, 2004) (Hardy
and Selkoe, 2002). AB;.42 contains 42 residues and is closely related
to the pathogenesis of AD (Bhatia et al., 2000). AB;_4> tends to con-
vert from a native and soluble formation to an insoluble and aggre-
gation statue aggregation, thereby further influencing cell viability.
Formation ranges from monomer to other different forms includ-
ing oligomer, protofibril, fibril, and plaque (Watanabe-nakayama
et al.,, 2016). Although all amyloid forms were reported to alter cel-
lular activity and induce neurotoxicity, recent studies demon-
strated that amyloid toxicity is induced by the presence of
oligomeric amyloids (Wang et al., 2016).

The aggregation and accumulation of AB;_4, affect many cellular
components, including plasma membrane and intracellular sub-
stances (Calamai et al., 2016) (Mokhtar et al., 2013). The Ap oligo-
mers interacted with potential receptors, such as integrin, and
triggered endocytosis. Initialized AP was then transported to and
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degraded by the lysosomes (Verdier et al., 2004) (Zerbinatti and
Bu, 2005). Furthermore, considerable efforts have been made for
exploring the mechanism of AB;_4, cytotoxicity (Lulevich et al,,
2010). The hypothesis of exterior membrane damages induced by
ABi1.42, such as membrane fragility and ion-channel formation,
are proposed based on the investigation of lipid bilayer (Lal et al.,
2007). In this dynamic process, AB;.4; initially interacts with cell
membrane, leading to changes of surface morphology (Lai and
McLaurin, 2011), and further causes dysfunction of intracellular
component (Reddy and Beal, 2008) (Mendoza-Naranjo and
Gonzalez-Billault, 2007). The interior loss of ion homeostasis
(Popugaeva et al., 2017) and cytoskeletal reorganization are well
documented by previous studies that used the immunostaining
based method (King et al., 2006). Cell stiffness, an essential prop-
erty of biophysics, may be influenced by the AB;_4, oligomer. Thus,
understanding the AB-induced neurotoxicity is important. Never-
theless, various effects of Ap on cell stiffness have been reported
(Lulevich et al., 2010) (Ungureanu et al., 2016) (Canale et al,,
2018), although the results are inconsistent with each other. In this
regard, we aim to clarify the complex effect of AB;_4» on cell
mechanics. Several proposed pathways that tend to alter cellular
mechanical properties are shown in Fig. 1. Our work focuses on
dynamic changes in cellular YM during neurodegeneration.
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Fig. 1. Ap associated pathways. It can be internalized or up taken by endocytosis.
Calcium signaling caused by AB pore and receptor-mediated calcium influx results
in high calcium concentration in cells. Ap activates the Rac1/Cdc42 pathway and
promotes actin polymerization, stimulates GSK3p, and triggers tau phosphorylation
and microtubule disassembly.

In this study, cellular mechanics was recorded by AFM nanoin-
dentation, which provides quantitative results. The results indicate
a two-stage dynamic change of cell mechanics induced by AB;_4
oligomer. We decomposed it into two phases: increased YM at
the beginning and reduced value with prolonged time or enhanced
concentration. Variations in surface tension, osmotic pressure, and
actin polymerization are the possible reasons for the increased YM.
AFM imaging proved that the surface of SH-SY5Y cells became
rougher owing to the treatment of AB;_4» oligomers. Nevertheless,
the cellular YM declined afterward because the degeneration of
cytoskeletal became a dominant factor. These results suggest a
dynamic effect on YM during neurodegeneration induced by AB;.
42 oligomer and account for the prior opposite observation regard-
ing the change in YM.

2. Materials and methods
2.1. AB1.4> aggregation

Ap power was purchased from Thermo Fisher Scientific. Lyophi-
lized ABq.42 powder was initially dissolved in Hanks’ Balanced Salt
Solution (HBSS) to obtain a concentration of 50 uM and incubated
in an agitated water bath at 37 °C. We incubate the Ap solution for
1 day and 4 days. AB oligomer can be found after 1 day of incuba-
tion, and the detail aggregation result is interpreted in the result
section.

2.2. Cell culture and AB;.4» treatment

Human neuroblastoma SH-SY5Y cells were cultured in com-
plete medium, which contained DMEM/F12, supplemented with
10% fetal bovine serum and 1% antibiotic mixture (PSN) (Gibco).
50 UM ABi-42 solution was incubated as described above. After
1 day of incubation, it was diluted by DMEM and applied to treat
cells. SH-SY5Y cells were grown on coverslip and incubated in
DMEM/F12, 250 nM, 750nM, 1 uM, 2 pM and 5 pM AB;4, for

72-hour, respectively. In the following experiments, we utilized
substrate-adherent cells and discard the floating cells during
media changes. For AFM imaging, cells in different mediums were
fixed by 4% paraformaldehyde (Sigma) for 30 mins.

2.3. AFM imaging

High-resolution imaging and nanoindentation were carried out
by AFM detection system (BioScope Catalyst, Bruker Nano). An
inverted optical microscope was mounted to the AFM system to
posit cells and AFM probes in precise. Imaging of AB,_4, aggrega-
tion was obtained by ScanAsyst fluid probe, while cell imaging
was obtained by OLTESPA probe. Peak Force QNM mode was cho-
sen to avoid tip contamination and minimize the interaction
between AFM tip and biological samples, as well as to prevent
samples from damaging. To obtain cell images using AFM, we fixed
cells with 4% paraformaldehyde (PFA). We prepared 4% PFA in PBS
solution firstly. Afterward, cells were incubated in 4% PFA for 30
mins in room temperature. Cells were washed with PBS solution
for 3 times before measurement. With a tip radius <7 nm, OLTE-
SPA probe can help us to obtain a high-resolution image. The tip
height is in the range of 9-19 um, and the actual value of spring
constant was calibrated using Sander method. In the scanning pro-
cess, several scanning parameters were adjusted: scanning rate
was set as 0.3 Hz, and image resolution was 256 * 256.

2.4. AFM nanoindentation

In nanoindentation experiments, contact mode in fluid was
applied based on previously described (Fang et al., 2014). We trea-
ted cells with the AB oligomer for different time period (1-hour,
24-hour, 48-hour and 72-hour). After that, we rinsed sample with
Hanks balance salt solution (HBSS) changed the medium to HBSS
because the amino acid in culture medium affects measurement
accuracy. Then, sample is mounted on to AFM stage. DNP-10 tips
with V-shaped silicon nitride cantilever and pyramidal silicon
nitride tip were applied to indent cells. The actual value of spring
constant was calibrated using thermal tune method. The tip was
moved at a velocity of 6 um/s until a trigger force of 3 nN was
reached. Sneddon model was chosen as the fit model to calculate
the YM of the cells. The data portion with indentation depth
~600 nm was used. The half angle («) of AFM tips was set as 18
while the Poisson ratio (v) was set as 0.5. At each condition, at least
60 cells were tested to get a statistical analysis result. For each cell,
approximately 25 force-distance curves were collected. The
recording force-distance curves were fitted with:

2 E
A )

F

tan o (1)

where F is the loading force, E is YM and 4 is the indentation depth.

2.5. Immunocytochemical detection of cytoskeleton

The organization of microtubule was detected by immunocyto-
chemical method. Briefly, cells were fixed with 4% paraformalde-
hyde, and permeabilized with 0.2% of Triton X-100. Thereafter,
slides were incubated with B-Tubulin rabbit antibody (CST-
2128s, Cell Signaling) for 2-hour, followed by incubation with
anti-rabbit IgG-Alexa Fluor 488 (Life Technology) for 1-hour at
room temperature. Then, cells were observed under confocal
microscope (SP8, Leica). Microtubule imaging was conducted at
488 nm laser excitation with emissions ranges of 490-550 nm.
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2.6. Determination of P-tau by flow cytometry

Cells were resuspended in PBS, and fixed with 4% paraformalde-
hyde for 30 min. Then, cells were penetrated with 0.25% Triton-
x100, and blocked by 5% BSA for 30 min at 4 . After that, cells were
stained with anti-Phospho-Tau (Thr205) antibody (Cell Signaling).
The secondary antibody was IgG-conjugated Alexa Fluor 488 (Life
Technologies). Unstained was used as a control and to gate positive
populations. Cells were analyzed on a BD FACSDiva Flow Cytome-
ter (BD Biosciences).

2.7. Ap toxicity assays

ABi-4» induced cytotoxicity was evaluated using the lactate
dehydrogenase (LDH) cytotoxicity assay and MTT assay. In the first
case, SH-SY5Y cells were plated in 96-well microtiter plates. Culture
medium was replaced by DMEM/F12 medium containing different
concentration of AB;_4>. Based on the release of LDH form damaged
cells, supernatant was collected to indicate neuronal injury. Mea-
surements were following instruction of productive manufacturer.
Briefly, 50 ul supernatant was mixed with reaction buffer for
30 min. Then, 50 pl of the stop solution was added to each well.
Absorbance was read from a Spectra microplate reader. To deter-
mine the LDH activity, absorbance value at 680 nm was subtracted
absorbance value at 490 nm. For the MTT assay, the cells were also
cultured in 96-well plates. Then, they were treated with 5 utM AB;_4
for 24 h. Afterward, each well was treated with 20 ul MTT solution
(5 mg/ml), and incubated for another 4h in 37 ° incubator.
150 pl Dimethyl sulfoxide (DMSO) was added to each well to dis-
solve Formazan deposition. Absorbance was read at 490 nm.

3. Results
3.1. Ap oligomers induce inhomogeneous cellular Young’s modulus

AB1-42-derived cytotoxicity has been associated with the AB_4>
aggregation. To evaluate AB;_4» polymerization, we performed AFM
imaging and continuously monitored the morphology changes.
After 24-hour incubation, ABi.4» oligomers, which were observed
as globular aggregates, appeared to be the most dominant form,
as shown in Fig. 1A. The results indicate that the diameter ranged
from 3.0 nm to 5.6 nm, which was consistent with the result of a
previous study (Mastrangelo et al., 2006). Quantitative analysis
was performed on height distribution, and the results revealed that
the mean height of AB;4, oligomer is 4.5+0.7 nm (n>50). To
ensure the subsequent neurotoxicity study was entirely caused
by ABy_4> oligomers, ABq_4> aggregation was monitored by AFM in
an extended period of incubation. After 4 days, oligomer remained
in the dominant structure. Only several short-length protofibrils
were detected (Fig. 2B).

AB1-42 oligomer (1 day of aggregation) was applied to treat cells.
At a short treatment time (1-hour), the YM of SH-SY5Y cells treated
with 5 uM AB;.42 oligomer (1 day of aggregation) was higher than
that of the control group. However, it declined in the 10 uM AB1_4>
group. Cellular YM demonstrated an opposite effect. A distinct
trend is shown in Fig. 3. To connect intracellular activities with
YM, we performed several time- and concentration-controlled
experiments. These concentrations include 250nM, 750 nM,
1 uM, 2 pM and 5 pM. They are defined as low, moderate, and high
which have been described later.

3.2. Clearance of ApB;.42 without affecting mechanical property

For the detection of early cytotoxic events, the cells were
exposed to AB;_4 at a low concentration (250 nM). Changes in the
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Fig. 2. AFM height images and height profile of AB;_4> aggregation in HBSS after 1-
and 4-day incubation. (A) AB;.4> characterized as globular aggregations with height
in the range of 3.0-5.6 nm. Histogram in (A) shows the mean height of AB;_.4
oligomer. (B) ABi.4> characterized as globular oligomers with several protofibrils
were scattered around them. Insets show height profile of AB;_4,. Scale bar: 1 um.

YM were monitored for 72-hour as shown in Fig. 4A. Some fluctua-
tions in the treated and the control groups were observed, and the
difference between the groups was nonsignificant. We believe that
this concentration is extremely low to cause further cytotoxicity.
Growing evidence suggests that exogenous AB can be internalized
with several types of AB-membrane interactions (Verdier et al.,
2004) (Hu et al., 2009). Many membrane components may promote
the formation of AB-receptor complexes and facilitate the uptake of
these complexes by cells through receptor-mediated endocytosis.
The examples of these receptors include low density lipoprotein
receptor-like protein-1 (Lai and McLaurin, 2011) (Zerbinatti and
Bu, 2005), a7 nicotinic acetylcholine receptor (¢7nAChR) (Verdier
et al., 2004) (Wang et al., 2000), and integrin (Verdier et al., 2004)
(Bi et al., 2002). The interaction of AR with plasma membrane trig-
gers this internalized process, called uptake pathway (Lai and
McLaurin, 2011) (Chafekar et al., 2008). The AB,_4> oligomers were
uptaken by the SH-SY5Y cells via the endosome pathway and trans-
ported to the lysosomes. Finally, endocytosed AB;.4» would be
degraded in lysosomes, which was likely to attenuate its toxicity
(Li et al., 2012) (Kanekiyo et al., 2013). Our experimental data
revealed that clearance of AB;_4» weakened cytotoxicity and caused
minimal effect on the cell mechanics.

3.3. Increased cellular stiffness resulted from moderate AfB;.4> exposure

Then, SH-SY5Y cells were treated with 750 nM AB_4, oligomers.
Results are shown in Fig. 5A. With increased incubation time, the
YM showed a rising trend. Statistical results reveal a significant
increased value after 48-hour incubation. An extreme significance
was observed after 72-hour treatment. Cellular YM increased from
1.5 kPa to 2.1 kPa. This observation suggests that a moderate con-
centration of AB;_4; led to increased YM. To verify the relationship
between AB;_4> concentration and cellular mechanics, we further
exposed cells to 1 uM AB;_42. A similar change in trend in the first
24-hour was observed, as shown in Fig. 5B. Instead of the rising
trend, the YM dropped when the treatment was longer than 24-
hour. When the treatment time was extended to 72-hour, the
YM of the experimental group reverted to the value of the control
group, indicating that increase in the concentration of the AB_4>
oligomer does not permanently increase cellular stiffness.

3.3.1. Alternation of membrane tension by Af;.4> intercalation
Statistical analysis demonstrated that treated cells were stiffer
than the control cells. The endosomal pathway was overwhelmed,
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Fig. 3. (A) Representative force-distance curve obtained from AFM measurement. YM can be calculated after fitting with Sneddon model. (B) YM of SH-SY5Y cells exposed to

ABi.4> at different concentrations. The incubation time is 1-hour. P < 0.05 (*).
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and downstream cytotoxicity pathways were triggered. The neuro-
toxic activities caused by AB_4, via several mechanisms have been
proposed, namely, binding with membranes that cause membrane
perturbations, significantly increasing ionic concentration (Oz
et al., 2016), and following oxidative stress (Swomley et al.,
2014). The secretion of AB;_4; increases the likelihood of intercala-
tion into the cellular membrane (Ding et al., 2012) (Chen et al.,
2017) (Hong et al., 2014). Although the relationship of membrane
tension involved in mechanical properties at the whole-cell level is
unknown, plasma membrane with a high elastic modulus was
reported (Hochmuth et al., 1973). Tension from plasma membrane
helps regulate cell morphology physically. It is highly related with
the force needed to deform cells (Diz-Mufioz et al., 2013). Sharing
with similar way of amphipathic proteins which intercalate to
membrane (Relini et al.,, 2014) (Seeliger et al., 2012), increased

membrane tension occurred when AB,_4, oligomer was added to
the culture system. AB;.4, interacted at the polar head of mem-
brane, and the surface expansion produced a stress equivalent to
a tension inside the membrane (Huang et al., 2004). Assuming that
it is the sole factor response for the mechanics, surface tension (N)
is proportional to the YM when the stress on the plane of the mem-
brane is homogeneous. The YM of the cell membrane is given by
Kamm (1986):
(1-v)
oh (2)

where ¢ is strain, E;ension i YM, and h is the thickness of membrane.
Thus, additional surface tension leads to an enhanced YM.

To verify ABy_4> deformed cell membrane which increased YM,
membrane structure was examined by AFM as shown in Fig. 6.
Normal SH-SY5Y cells expressed a smooth surface. When cells pre-
sented in 250 nM AB_4> for 24-hour, no appreciable changes were
observed. The results reveal that AB;_4» has minimal toxic effect on
membrane structure at a concentration of 250 nM. On the contrary,
detectable perturbation or deformation of cell surface was be
observed after exposure to a high concentration of ABy_4,. At AB,.
42 concentration of 750 nM, minor disruption in the membrane
was observed after the 72-hour treatment. Similarly, a minor dis-
ruption was detected on the cells treated with 1 uM and 2 uM
AB1_42 for 24-hour. Moreover, the exposure of cells to 2 pM AB;_
4 for more than 48-hour led to serious surface perturbation. Dis-
ruptions in the membranes were also observed in the 5 UM group.
According to these observations, we defined various conditions as
low (250 nM), moderate (750 nM and 1 uM), and high (2 pM and

Etension =N
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Fig. 6. AFM Peakforce images of control cell and cell incubated with AB;_4> oligomer. Arrows indicate membrane disruption. Scale bar: 10 um.

5 uM). Representative cellular morphology indicated the destruc-
tive effect of ABy.42 on cell membranes. Multiple pathways are
co-existed in the membrane disruption process. The peptide-lipid
interaction occurred at the beginning initiates cell leakage and pro-
motes Ca?* influx. Besides, fusogenic caused by Ap was also
reported in prior researches (Vestergaard et al., 2013) (Akinlolu
et al.,, 2015). Lipid mixing and vesicle fusion between liposomes
have been suggested. Membrane structure provided direct evi-
dence of AB;_sp-induced concentration-dependent changes.

3.3.2. Increased osmotic pressure by AB;.42 induced calcium
homeostasis

Another important factor is calcium homeostasis. Prior investi-
gation revealed that specific AR channel-like structures form dur-
ing the interaction of AB with the plasma membrane (Lal et al.,
2007) (Lin et al., 2001). Moreover, the Ca®*-uptake experiment pro-
vided an evidence that the channel-like structures have channel
activity which facilitates cation transport (Jang et al., 2007). Ap
has also been shown to evoke an increasing of Ca®* level via a
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native receptor, such as a7-nAChRs (Oz et al., 2016). Above all, a
series of studies indicated that the gain of intracellular calcium
was highly related with cytotoxicity induced by AB (Oz et al.,
2016) (Gunn et al., 2016) (Demuro and Parker, 2013). The imbal-
ance of cytoplasmic Ca?* causes ionic strength and subsequently
enhances osmotic pressure because the overall concentration of
intracellular Ca%* is higher than that in control cells. The osmotic
pressure of a dilute solution obeys the osmosis equation as follows:

AIT = iMRT (3)

where AII is alternation of osmotic pressure, i is a dimensionless
correction factor, M is molarity variation, R is gas constant, and T
is temperature. The alternation of osmotic pressure increases the
Bulk modulus (K) according to the following equation (Saito et al.,
2006):
AP All
K=V—=V— 4
AV AV 4)
where AP is alternation of pressure, and V is volume. Relationship
between YM (Eosmotic) and K is:

val 5)
AV

When osmotic pressure is the single reason for mechanics, ris-
ing intracellular ion concentration generates an increased osmotic
pressure. Egs. (4) and (5) show that variation in osmotic pressure
increases the Bulk modulus and, subsequently, YM.

Eosmotic = 3(1 — 2V)K = 3(1 — 2v)

3.3.3. Actin polymerization due to enhanced Ca®*

Another possibility is that enhanced Ca?* induces actin poly-
merization (Mendoza-Naranjo and Gonzalez-Billault, 2007) (Park
et al., 2016). These activities are Ca%*-dependent mechanism. Actin
polymerization subsequently works to increase local stiffness. The

Membrane

AP treatment /

AP insertioy

Membrane
. tensio

shear modulus (G) of actin network can be described as follows
(Fleischer et al., 2007) (MacKintosh et al., 1995):

P
Gox - 6

Le ©
where [, is persistence length of actin filaments, l. is length of
entanglement actin, and & is mesh size.

Relationship between YM and shear modulus is given by:
G

E= 2(1+v) @)
where v is Poisson radio. Combining Eqs. (6) and (7), YM of actin
network (E,) can be found from:

C L
2T+ Var) ~ 2(1+ vaq)2E

Upon polymerization, the entanglement filaments and mesh
size decreased. The shear modulus of the actin filaments is inver-
sely proportional to length of entanglement actin filaments and
mesh size (Fleischer et al., 2007) (MacKintosh et al., 1995). Thus,
actin polymerization caused increased G, which yielded an
increased E, value from the given equation. Therefore, enhanced
YM which resulted from actin polymerization can be obtained.

Membrane tension, osmotic pressure, and actin filaments had a
positive effect on cell mechanics. Thus, an incremental YM could be
deduced. The corresponding activities are shown in Fig. 7.

Eact =

8)

3.4. YM reduced dramatically after high-dose treatment

Subsequently, 2 tM AB;_4> was used for the visualization of cel-
lular YM. The results show that the YM of the treatment group ini-
tially exhibited rapid response (<24-hour), then dropped and
showed less changes 48-hour later. At 72-hour, the value reduced
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Fig. 7. Model of cell exposed to Ap;_s,. Membrane folds are clearly visible after AB;s; intercalate to membrane. AB;_4, forms ion channel and induces Ca®* influx. Increased

Ca%* promotes actin polymerization in neurons.
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to the value of control group, as shown in Fig. 8A. To accelerate Ap;.
4z-induced neurodegeneration and study the subsequent mecha-
nism, we further exposed cells to 5puM AB;4, as shown in
Fig. 8B. Apart from the slight increase, no significant effect was
observed for the first 24-hour. The treatment group decreased
24-hour later. The YM of the experimental group was much lower
than the control group when the incubation time was extended to
48-hour. The SH-SY5Y cells demonstrated a time-dependent
decrease in their YM during the test period. After the 72-hour incu-
bation, the minimum YM was obtained, decreasing from 1.7 kPa to
1.3 kPa. A significant difference between the experimental and
control groups was observed.

The result of the experiment on cell stiffness was contrary to
our expectation. We considered the result as a second stage of
changed cell mechanics. We speculate that the reduced YM could
be a consequence of cytoskeleton rearrangement induced by Ap;.
42 oligomers in neural cells. As the stiffest of the three types of
cytoskeleton (Lopez and Valentine, 2015) (Fletcher and Mullins,
2010), disruption of microtubules could be in response to the
decline of YM. ApB;.4> Was reported to cause tau protein phosphory-
lation via activation of a7-nAChR (Oz et al., 2016). Phosphorylation
of tau protein at multiple sites was detected by specific phosphor
anti-tau antibodies (Zempel et al., 2010). This abnormally phos-
phorylated tau no longer stabilized microtubule and promoted
microtubule disassembly. AB oligomers which caused tau phos-
phorylation and further loss of microtubule binding are shown in
Fig. 8C. Mechanical properties of microtubule can be described
by the length-dependent YM (Epr) (Sept and MacKintosh, 2010)
(Hawkins et al., 2013):

lMTkBT

EMT = I
T (RO — Riy)

oL ;
Oh 24h 48h 72h
Time

P

3 2 ptM APi-42
%
52
=
=1
- --Experimental grou
—Control group

where Eyr is the YM of microtubule, kg is Boltzmann’s constant; R,
and R, are the tube’s internal and external diameters, respectively;
and Iy is persistence length of microtubule. Disassembled micro-
tubules represent shorter length, which means YM reduced after
high-concentration treatment.

Decreases in the YM of the cells exposed to high concentrations
of APi.4» was observed. Previous studies reported that ABi.4
causes tau phosphorylation, which in turn leads to microtubule
disassembly (Fletcher and Mullins, 2010). To investigate the intra-
cellular mechanism, we characterized immunofluorescence of the
microtubules in the SH-SY5H cells and examined the specific effect
of ABi.42 oligomer on the cytoskeletons at different concentrations.
The microtubule organization in the SH-SY5Y cells incubated
with various concentrations of ABi.4 for 72-hour exhibited
different degrees of disassembly, as shown in Fig. 9A. Less
organized microtubules were observed after long-time incubation
or exposure to high concentrations of AB;_4> oligomers. Changes
of phosphorylated Tau was observed as shown in Fig. 9B. An
increased fluorescence signal was observed in cells treated with
5 UM AB;_42 oligomer for 72 h.

3.5. Validation of AB;.42 induced cytotoxicity

To characterize the cytotoxicity further, we determined LDH
release in the culture medium. Fig. 10 displays the effects of
AB1.42 oligomers on cell viability in an exposure-time-dependent
manner. A concentration of 250 nM AB;_4> had no significant effect
during the incubation period. However, the addition of micromolar
AB1.42 to the SH-SY5Y cells increased LDH release, which indicated
a high cytotoxicity. Following 48-hour exposure of the cells with
AB1.42, a major increase in LDH level was observed in the treatment
groups (750nM, 1pM, 2puM, and 5 puM). Statistical analysis
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Fig. 8. Variation of cellular YM exposure to 2 ptM AB;_4> (A) and 5 uM (B). P < 0.05 (*) (C) AB;.42 promoted microtubule disassembly after a long incubation time.
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Fig. 10. Toxicity of AB;.4> oligomer on SH-SY5Y cells. (A) Relevant LDH release is demonstrated. Values represent mean * SD (*p < 0.05). (B) The results of MTT assay revealed

that cells exposed to 5 uM AB;_4> oligomer for 24-hour decreased cell viability.

revealed significant cell death at this stage. Similarly, after the 72-
hour exposure, the cells treated with AB;_4, significantly lost their
viability. Microtubule disassembly was associated with apoptosis.
The LDH level in medium was elevated for 72-hour. Results nearly
supported the reduction of YM. Consistent with these results, the
effect of ABy_4» on cell activities was closely related with YM. Cell
viability was also estimated using an MTT assay. Since 5 puM
AB1.42 influence LDH level significant after 24-hour, we used MTT
assay to verify cell viability at this condition. It suggested that
5 UM AB;_4, oligomer showed distinct cytotoxicity (* P < 0.05).
Cell responses to the addition of AB;_4> show a time-course pro-
cess owing to the complex biological system. Responses of neural
cells to AB;_4» oligomers were accompanied by the disturbances
in their plasma membranes, including Ca?* elevation, tau phospho-
rylation, and microtubule loss. These reactions altered the cellular
mechanical properties in varying degrees and led to a combined
effect. Previous studies demonstrated increased cellular stiffness
after ABq.4, treatment (Lulevich et al., 2010), whereas others
showed decreased membrane stiffness (Ungureanu et al., 2016).
To clarify the effects, time- and concentration-dependent experi-
ments were performed here. A two-stage dynamic change pro-

vided a detailed response in AB;_4; oligomer-induced cytotoxicity
and explained prior opposite results. These observations suggested
that fluctuation in YM was a comprehensive result. Mechanical
responses provided new insights into AB;_4> oligomer cytotoxicity.

4. Conclusions

We investigate the dynamic behaviour of AB;_4; oligomer on the
mechanical properties of neural cells. The characteristics of the cel-
lular YM at different stages are employed by AFM-based nanoin-
dentation. A small amount of AB;_4> oligomer has minimal effect
on cells despite long incubation time. The YM increased gradually
as the concentration increased. However, continuous increase in
APB1.42 concentration or continuous exposure to AB;_4, for a long
period decreased the YM. This transient response suggests that
AB1.42 oligomers trigger multiple pathways. Our results show that
changes in cellular mechanical properties can reflect the dynamic
effect of AB;.4> oligomers in the neurodegeneration process. Iden-
tification of this two-stage dynamic process explained the incon-
sistent of previous findings. These features reveal an effect of
APB.42 induced cytotoxicity on cell mechanics.
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