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Introduction

This study aims to show the effects of saturated fat palmitate on various markers of cell
health.

Conclusions

Palmitate (saturated fat) reduces cell energy production, cell
death.

Palmitate (saturated fat) increases lipid droplets in the cells.

Palmitate (saturated fat) increases oxidative stress in the cells.

Amendments
This study has a series of issues, as discussed in each figure.
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Article history: In this study, we identified the roxic mechanism following the accumulation of palmiric acid (PA) a
Received 16 November 2013 saturated fatty acid, in human Chang liver cells. After PA exposure for 24 h, the mitochondria and the
Accepted 14 January 2014 endoplasmic reticulum (ER) became dilated, and lipid droplets and organelles were ohserved within
Available online 28 January 2014 autophagosomes. Cell viability decreased with an ATP reduction and the G2/M phase arrest. The expres-
shon of S00-2, but not of S00-1, markedly increased after PA exposure, which also elevated the number of

'f"-"w“"d"' cells generating ROS. PA enhanced the levels of proteins related to necroptosis, and
.'r:L'I'l'I'l'; ackd ER stress. Moreover, the inhibition of caspases, p53. necroptosis, or ER stress substantially rescued PA-
Apaptosis induced cyrotoxicity and, similarly, the inhibition of caspases and ER stress counteracted PA-induced
Autophagy changes in the cell cycle. Conversely, the inhibition of necroptosis and p53 signaling accelerated the
ER stress changes in the cell cycle triggered by PA exposure, Blocking aurophagy exacerbated PA-induced cytoros-
Mitachandria icity and alterations in the cell cycle and caused di e of cellular These results
suggest that PA induces apoptosis ac ied by autoph. through mitochondrial dysfunction and
ER stress, which are triggered by oxidative stress in Chang liver cells and that blocking autophagy

accelerates cell damage following PA exposure,
@ 2014 Elsevier Lrd. All rights reserved.
1. Introduction The liver is a central organ in metabolism that serves multiple

Fatty acids can be classified into unsaturated and saturated
fatty acids depending on the presence and absence of carbon-
carbon double bonds, respectively. Fatty acids serve as key sources
of fuel because they produce large quantities of ATP. However,
excessive accumulation of fatty acids may induce a cellular toxic
response known as “lipotoxicity” through an increase of free fatry
acids in the body, and thus cause a variety of diseases such as liver
disease, type 2 diabetes, insulin resistance, atherosclerosis, and
coronary heart disease (Gaggini et al., 2013; Murea et al, 2010;
Leamy et al., 2013; Loria et al,, 2013). Saturated and unsaturated
fatry acids have been reported to induce distinet cellular responses
under the same conditions, however, saturated fatty acids have
been found to be more harmful to health than unsaturated fatry
acids (Ricchi et al., 2009; Mei et al., 2011; Schiinfeld and Waojtczak,
2008).
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functions such as protein synthesis, glycogen storage, hormaone
production, and detoxification. In these regards, liver cells are rich
in organelles that facilitate such functions, including the endoplas-
mic reticulum [ER), mitochondria, and lysosomes. Furthermore, the
coordination and functional crosstalk of these organelles are
crucial for maintaining cellular calcium levels and homeostasis,
as well as for regulating cell survival and cell death (Chen and
¥in, 20011; Kim et al, 2006; Ferri and Kroemer, 2001; Smaili
et al., 2013). For example, the ER is involved in protein synthesis,
lipid boli carbohydrare i and detoxification,
Proteins that are misfolded or immature are translocated from
the ER into | and digested, and the acc I af
misfolded or immature proteins in the ER lumen or the cytosol
can cause apoptotic cell death by mitochondrial dysfunction,

Palmitic acid (PA) is the most common saturated fatty acid
found in animals, plants, and micreorganisms, and PA overloading
is known to induce ic cell death by triggering ER stress (Gu
et al, 2010; Zhang et al, 2012; Cao et al, 2012). However, the
mechanism underlying PA toxicity remains incompletely under-
stood, In this study, we investigated the mechanism by which
accumulared PA produces toxicity in the human Chang liver cell
line [Chang cells).

1. Fatty acids (fat molecules) are distinguished from

one another by the presence of double bonds
between the carbon atoms that make the fat
molecule. Saturated fats do not contain double
bonds, and unsaturated fats do. Fats are used for
energy production, but an excessive amount of
these fats may lead to cell toxicity that contribute to
insulin resistance, atherosclerosis, and coronary
heart disease. Saturated fats tend to be more
harmful than unsaturated fats.

The liver is site of high metabolism that serves
many key functions like the production of new
proteins, glycogen (glucose/sugar) storage,
hormone production, and detoxing the body of
accumulating molecules. So, liver cells are full of
organelles (cell components) that help in these
functions - so the healthy function of these
organelles is critical for regulating cell health. As
one example, the endoplasmic reticulum is
responsible for protein production, fat molecule
processing, carbohydrate processing, and detoxing.
Proteins that are misfolded therein are moved to
the lysosomes to be destroyed.

Palmitic acid (saturated fat) is the most common fat
in animals, plants and overload of this saturated fat
leads to cell death.
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2 Materlals and methods
2.1, Cell culture

Chang cells, which were established using HeLa cells, were kindly provided by
D 5] Kim [CHA University. Seoul, Korea), The cells were maintained in Dulbesco's
modified Eaghe’s medium (MEM) containing 10% heat-inactivated fetal bovine ser-
um {FES), penicillin (100 1jmL), and streptomycin (10 pg/mL). Cells were grown
and maintained in 10.cm” cell culture plate at 37 “C in a humidified incubator with

22, PA preparation

PA was conjugated to bovine serum albumin [BSA) as described previously
{Choi et al, 2009), Briefly, PA (Sigma-Aldrich, St. Louis, MO, USA) was conjugated
to 5% BSA at a 311 M ratio by adding a 20 mM salution of A in phosphate-buffered
saline {PBS) and incubating at 70 “C until solubilization, which was facilitated by
‘the drop-wise addition of 1 N NaiH, The fatty acid soap was conjugated with fatty
acid-free BSA in PBS to achieve the appropriate 3:1 [albumin-to-PA) molar ratio,
andl the final concentration was set at 5 mbd,

2.3, Cell viahility and cefl cpole analysis

Cell viahility was measured using the 3-{4-5-dimethyithiazol-2-y1)-2,5-diphe-
nylreerazalium bromide (MTT. Sigma-Aldrich) assay. Cells were seeded in 96-well
tissue culture plates at a dersity of 5 = 107 cells/well. Alter stabilization overnight,
the cells were treated with 31,25, 625, 125, and 250 pM of PA for 24 h, MTT solu-
tion {2 mg/mL} was added and the cells were incubated for 3 h more at 37 °C. The
cells were then solubilized, and the absorbance was measured a1 540 om by a
microplate spectraphatometer (VersaMax, Molecular Devices, Sunnyvale, CA,
USAL The viabiliy of the treatment group was expressed a5 a percentage of the con-
tred group, which was considered as 1005, To examine the cell cyele, cells wers
fixed using 70% ethanol after 24-h exposure to PA and then stained with

M, LISA), and then incubated with Alexa Fluor 555-conjugared secondary antibod-
ies [1:200 dilution) for 2 h at BT. Mitochondria were labeled with MitoTracker™
Deep Red FM [Invitrogen) far 30 min, and the eells were then fixed in 4% PFA for
15 min at 37 °C, After washing. coverslips were mounted using Fluoroshield™
mounting medium with DAP! [ImmunoBioScience, Mukilteo, WA, USAL Cells were
visualized using a fluprescence confocal laser scanning microscope (LSMT10L Carl
Zess)

2.8 Protein expression analysis

Cells were homogenized in a protein extraction selution (iNIRON Biotech,
Kyunggi-do, Korea) and then lysates were collected by centrifugation at
13,000 rpm for 10 min. Protein concentration was measured using the bicinchoni-
nic acid method (Sigma-Aldrich), and then equal amounts of profein were sepa-
rated onpolyacrylamide gels and to
(Hybond ECL: Amersham Pharmacia Blotech, Franklin Lakes, M], USAL The mem-
branes blocked for 1 h at RT with 5% ( ~fat dried milk in TBST and then
immunatdotted with the following specific primary antibodies (1:1000 dilution}:
rabbit polyclonal antibodies against Poly{ ADP-ribase) polymerase (PARP] cleaved
caspase-9, and light chain 3 (LC3; Cell Signaling Technobogy), beclin 1, p&3, and
Pz (Santa Cruz Blotechnalogy ). and receptor-interacting protein (RIF) 3, p-1RE 1
pha, and autaphagy protein 5 {ATGS, Abcam]; rabbit monockanal antibodies against
Bel-2-associated X protein (BAX: Millipore, Milford. MA, LISA} and caspase-3, phos-
pho-extracellular signal regulated kinase (p-ERK), perilipin. and phospho-c-jun N-
terminal kinase [p-JNK; Cell Signaling Technology], mouse monaclonal antibodies
against Bel-2 and cytochorme ¢ (Santa Cruz Biotechnology ) and RIFE (R & D System,
Minneapolis, MN, USA); and goat polyclonal antibody against f-actin (Santa Cruz
Bictechnoiogy). The blats were then incubated with corresponding anti-rabhit,
anti-goat, or IgGs with (12000
Santa Cruz Bistechnclogy), and immunoreactive proteins were detected using an
ECL reagent.

indide and RMase (Sigma-Aldrich). The cell cycle was analyzed by measuring the
DMA content in cells using the FACSCalibur system and CellQuest saftware (BD
Biosciences, Franklin Lakes, NJ. USA) (Park et al., 2010, 2008

24, Lipid droplet assay

“The lipid droplets in cells were measured using a commercial kit according to
the manufacturer’s protocals (Cayman Chermical Ca., Ann Arbar, ML, USAL Beiefly,
cells were harvested after exposure for 24 h with desi; ins, After

20, fszion elestron (TEM)

Cells were incubated for 24 b in the absence or the presence of PA (250 uM .
After washing with PES, the cells were immediately fixed in 2% glutasaldebyde in
@1 M sodium cacodylate buffer (pH 7.2) for 2 h. Following fixatian, the cells were
staimed for 20 min in 0.5% aqueous uranyl acetate, dehydrated using graded ethanol
solutions, and then embedded in Spurr's resin, Thin sections were cut using an
ultramicrotome [MT-X, RMC, Tucson, AZ, USA) and stained with 2% uranyl acetate
and Reynolds's lead citrate, and then the sections were examined using 4 LIBRA

centrifuging at 800 g for 5 min. cells were resuspended in fixative solution at room
temperature (RT) for 10 min. After washing, the cell pellet was resuspended in Mile
red staining solution at BT for 15 min, and the cells were then analyzed ar an
excitation wavelength of 488 nm by using the FACSCalibur system and CeliQuest
software (BD Biasciences),

&5 Reactive axpgen speeies (ROS) measurement

Cells were treated with various concentrations of PA for 24 h, washed with PBS,
and then incubared for 30 min with 5 uM of carbooy-2'7 -dichlorodihydrofluorescein
diacetate {Invitrogen, Carlsbad, CA, USA)L Alter washing the cells were resuspended
in FBS-free DMEM, and the cells generating ROS were counted using the
FACSCalibur system and the results were analyzed using CellQuest software (BD
Biosciences).

2.6, ATP measurement

ATP production was measured using a commercial kit (Promega, Fitchburg, Wi,
UsA) according ta the manufacturer’s protocals, Briefly, cells were seeded at a den-
sity of 5 » 10" cellsjwell in 96-well plares and incubated with various concentra-
tions of PA for 24 h. At the end of the incubation, a volume of CellTiter-Clo®
Reagent equal to the volume of the culture medium present in each well was added
atwd the contents were mixed for 2 min on an orbiral shaker, and then the mixiures
were incubated at RT for 10 min. The luminescence of the solutions was measured
using a microplate luminometer (Berthold Technologles, Bad Wildbad, Germany ).

27, Immmohistochemistry and observation

Cells (3 » 107/well} were seeded in 2-well chamber slides and stabilized for

24 h. Alter exposure 1o PA, the cells were fixed in 4% paraformaldehyde [PFA) for
15 min at RT. After washing, the cells were fixed again with ice-cald methanol at
20°C and then blocked for 1 h using 3% BSA in Tris-buffered saline (10 md Tris,
PH B0, and 150 mM NaCl) containing 0,05% Tween-20 {TBST). The cells were next
incubated overnight at 4 °C with primary antibodics (1:100 dilution) against pb2,
NRF-2, superoxide dismutase (S0D)-1, and 500-2 [Santa Cruz Biotechnology Inc.,
Santa Cruz, CA. LISA), CHOP and calnexin (Cell Signaling Technology, Danvers, M,
usAL and lysosome-assoclated membrane protein (LAMP-2 (Abcam, Cambridge,
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120 ission electron microscope (Carl Zeiss) at an accelerating voltage of
B0V

2,10 Statistics

The statistical significance of quantitative results was evaluated using ANOVA
and r tests, and p < .05 was considered statistically significant,

3. Results

3.1, Increase in lipid droplets and alteration of cellular components
after PA exposure

Cells containing lipid droplets increased dose-dependently after
PA exposure. When cells were exposed to 31.25, 62,5, 125, and
250 puM of PA for 24 b, the proportion of cells containing lipid drop-
lets were 2.2 £ 0.4%, 2.7 + 16, 5.0+ 0.9%, and 13.0 + 3.8%, respec-
tively, compared with a control level of 0.7 £ 0.1% (Fig. 1) After
the same PA treatments, ATP production decreased to 96,6 £ 1.4%,
0959+ 1.2%, 942 +£05%, and 923 +3.0% of control, respectively
(Fig. 2A). Moreover, PA altered mitochondrial structure {Fig. 2D
and increased the levels of LAMP-2, a lysosomal membrane
protein, and calnexin, an ER membrane protein (Fig. 2B, C, and E).

3.2, Changes in cell viability and in the cell cycle following PA
treatment

In preliminary experiments, the average viability of cells that
were treated with 500 uM of PA for 24 h was measured to be
31.7% of the control level, and the morphology of cells was noted
to be severely damaged. Thus, we determined 250 pM as the maxi-
mal concentration of PA to be used [data not shown). When cells
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Fig. 1. Increase in lipid droplets following PA exposure. Cells containing lipld
droplets were counted using & FACS analysis system. The experiments were
performed 3 times, independently, and the results are presented as mean
AV) = standard devs, 1 {SD): “p <005, “'p

concentration of 125 puM, whereas the cell cycle was effectively ar-
rested at the G2/M phase with the addition of 250 pM PA, and this
was coupled with an increase in S and subG1 cell fractions
(Fig. 3B). Furthermore, the subG1 fraction, which indicates the
apoptotic cell population, increased with time (Supple 1),

3.3. Generation of ROS after PA exposure

As shown in Fig. 4A, cells generating ROS increased to
1162+ 5.8%, 1221 +1.39%, 1353+6.5% and 176.1214% of
control when exposed for 24 h to 31.25, 62.5, 125, and 250 uM of
PA, respectively, Moreover, the expression of the anti-oxidant pro-
tein SOD-2, but not SOD-1, increased considerably in cells exposed
to 250 uM PA, as did the expression of NRF-2, a transcription factor
that is stimulated in response to oxidative stress (Fig. 4B-D),

3.4, Effect of PA on cell morphology and cellular components

TEM images showed that mitochondria and ER were dilated
after PA exposure (Fig. 5, Supple 2) and that lipid droplets and
organelles were observed within autophagosomes (Fig. 1B).

were exposed for 24 h to 31.25, 62.5, 125, and 250 uM of PA, cell
viability decreased to 874 +3.1%, 73.3£6.8%, 66,7+ 1.5%, and
53.3+1.2% of control, respectively (Fig. 3A) After 24h
exposure, the cell cycle was not affected noticeably by PA up to a

3.5, Changes in protein expression after PA exposure

PA treatment increased, in a dose-dependent manner, the levels
of caspase-dependent apoptotic cell death-related proteins such as

Figure 1

The researchers are measuring the amount of lipid droplets found
in the cells with varying exposure to palmitate (saturated fat).
These experiments were done in Chang cells (extremely similar
to immortal HeLa cells).

Primary Results:
- With increasing concentration of palmitate, there are increases
in lipid droplets.

Take Away: Increasing levels of saturated fat (palmitate) leads to
increases in lipid droplet formation within the cells.

(A)

i

vomtrel 125 250 (M)

Fig. 2. Changes in cellular components after PA treatment. [A) Dec
with or without 250 M PA and images were captured at 800 < r
Dose-dependent changes in ER and lysosomal membrane proceirs

(B) | +PA

(©)

(E) Con. 3125 625 125 250 (uM)

T e cmem e amm| Calnexin

duction, *p < 0.05. (B-D} Staining of cellular
ysosome-associated membrane protein (LAMP}-

incubated for 24 h
(D) mitochondria. (F
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Figure 2

[A] This shows measures of ATP (cellular energy) production.
[B] This shows imaging of a lysosome protein (a protein that is
key for degradation/destruction of large components of the cell)
known as LAMP with and without palmitate addition. [C] This is
a measure of a protein known as Calnexin (with and without
palmitate), which is a chaperone protein that binds unfolded
(immature) proteins and traffics them within the endoplasmic
reticulum - an accumulation can signifiy more immature proteins
are being retained in the endoplasmic reticulum instead of being
trafficked out of the endoplasmic reticulum. [D] This is a
measure of mitochondria (with and without palmitate). [E] This is
a protein quantification of the amount of calnexin and the
amount of LAMP that is present with increasing doses of
palmitate for 24 hours.

Primary Results

- ATP levels drop with more palmitate added to cells.

- LAMP protein seems to increase with palmitate exposure.
- Calnexin seems to increase with palmitate exposure.

- Mitochondria may decrease with palmitate exposure.

Note: There is a lot wrong here in terms of data presentation -
first, the microscope images should be quantified to get an
accurate representation of the effects (if we only go by our eyes,
we can deceive ourselves), and secondly, there should be a
loading control for the protein quantification in E - there is none.

Take'Away: ATP production lessens with increases in palmitate
(saturated fat) exposure. There may be an increase in lysosome
and calnexin levels and potential reduction in mitochondria
(Speculative).
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Fig. 3. Alteration in cell viability and in the cell cycle alter PA exposure. Cells were treated with the indicated concentrations of PA for 24 h. Results are presented as AV £ 5D
af 3 independent experiments. *p < (05, “p < 001 [4) Cell wiability, and (B) cell cycle. The graph shows representative data,

Figure 3

[A] Here the researchers are measuring the amount of
surviving cells after exposure to increasing palmitate
concentration. [B] The researchers are measuring the cell
cycle progression (meaning, the stage in cell division) the
cells end up when exposed to increasing palmitate levels.

Primary Results

- Cell viability reduced with increasing palmitate
concentrations.

- Cell cycle progression is unfazed by palmitate addition
until 250uM, where there is more in Sub-G, G2, and less in
G1.

Take'AWay Cells die when exposed to more palmitate,
but this has little effect on cell cycle progression (cell
division) unless extremely high concentrations are used,
where there are more cells in Sub-G, indicating cell death,
but (potentially) also more cells growing from G1 to G2.

cytochrome ¢, cleaved caspase-9 and caspase-3, and PARP (Fig. 6).
Furthermore, after PA exposure, the levels of proteins related to
necroptosis (RIP1, RIP3), autophagy (LC3B, pG2) and ER stress
(CHOP, p-IRE 1 alpha} increased, as did the levels of Bel-2 and
p53. However, the levels of p-ERK [specifically ERK2), p-JNK (spe-
cifically JNK1), and beclinl decreased markedly after treatment
with 250 pM PA. and the level of BAX protein did not change sub-
stantially (Fig. &, Supple 3).

3.6. Effect of various inhibitors on cell viability and cell cycle
Multiple pathways were found to be involved in cell death trig-

gered by PA exposure. Thus, we studied further the roles of these
pathways by using several inhibitors. PA-induced reduction in cell
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viability was rescued substantially when cells were pretreated
with a caspase inhibitor [Z-VAD-FMK), a p53 inhibitor [ pifithrin-al-
phal. a necroptosis inhibitor (necrostatin-1), or an ER-stress inhib-
itor (taurcursodeoxycholic acid, TUDCA) (Fig. 7A). The cell cycle
changes induced by PA were abolished by pretreatment with the
caspase inhibitor and rescued substantially by pretreatment with
the ER-stress inhibitor {Fig. 78), whereas pretreatment with inhib-
itors of necroptosis and p53 accelerated the PA-induced changes in
cell eyele. Mare i ly. pret with bafil in [Baf)
Al, an autophagy inhibitor, exacerbated PA-induced cytotoxicity
and enhanced PA-induced alterations in the cell cycle, When cells
were treated for 1 h with Baf Al in the absence of PA addition, ER
dilatation and autophagosome formation increased markedly
(Fiz. 8A). Furthermore, when cells were exposed to 250 uM PA
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Fig. 4. Increase in ROS following PA exposure. (A) Cells generating ROS were counted using a FACS analysis. The experiments were performed 3 times, independently, and the

results of the treatmes
of ROS-

group were calculated as percentages of the contro
ated proteins. Cells were incubated for 24 h with or without PA (25

together with Baf Al pretreatment, cellular components disap-
peared or were severely damaged (Fig. 8B), and these changes were

coupled with an increase in p62 protein aggregation (Supple 4).

4. Discussion

Intracellular fatty acids are essential components of cells that
serve as an energy source, as structural components of membranes,
as building blocks for hormone synthesis, and as mediators of
cellular signaling. Therefore, maintaining adequate amounts of
fatty acids is critical for cellular functions and cell survival (1
and Czaja, 2013). Cells store fatty acids as lipid droplets, and the
anions of fatty acids cannot penetrate the lipid bilayer of mito-
chondria because of their uncoupling effect (Dedukhova et al
1991 ). Thus, cells digest and use lipid droplets through macroauto-
phagy, a type of the lysosomal degradative pathway of lipophagy
(Knavelsrud and Simonsen, 2012; Singh and Cuervo, 2012). How-
ever, excessive accumulation of fatty acids can cause adverse
health effects through a cellular toxic response known as “lipotox-
icity.” In this study, exposure to PA for 24 h markedly increased li-
pid droplets in autophagosome-like vacuoles and also elevated the
level of the proteins perilipin and LC3B-11 (Singh and Cuerve
However, ATP production did not increase at any of the treatment
concentrations even though the cells contained increased levels of
lipid droplets.

Functionally, cell death can be induced through programmed
and accidental processes, and apoptosis, autophagy, necroptosis,
and paraptosis are classified as being part of programmed cell
death (Kroemer et al., 2009). These cell death pathways are
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pap (100%) H,0; (1 mM. 30 min) was
) M) and examined at 800 magnification. (B) NRF-2, (C) SOD-1. and (D) SOD-2

ed as the positive control, “p < 0,05, (B-D) Expression

characterized by unique morphological and biochemical altera-
tions in cells, and analyzing the cell cycle provides a critical clue
that helps define the cell death pathway. We found that 24-h expo-
sure to PA up to a concentration of 125 pM did not induce any ma-
jor changes in the cell cycle, despite reducing cell viability in a
dose-dependent manner. However, when cells were exposed to
250 pM PA, the cells detected in the G2/M phase increased, and
this was coupled with an elevation in the level of Bel-2 protein
{Basu and Haldar, 1998) and a slight increase in the number of
apoptotic cells. Conversely, the levels of p-ERK (in particular
ERK2) and p-JNK (in particular [NK1) proteins decreased clearly
in cells exposed to 250 uM PA (Liu et 2004; Li et al., 2010).
PA exposure also induced ER dilatation and an increase of auto-
phagosome-like vacuoles. Cells divide completely into 2 daughter
cells during the G2/M phase and the daughter cells share cellular
components almost equally, including the nuclear and cytoplasmic
materials, organelles, and cell membranes, as well as the DNA in
the nucleus (Imoto et al., 2011). Therefore, we hypothesize that
the arrest in the G2/M phase following PA exposure is caused by
organelle damage and cytosolic vacuolization.

Chang liver cells were established using Hela cells, which were
derived from cervical cancer cells (http: ;). and p53,
which a tumor suppressor protein, plays a key role in lipid metab-
olism, cell death pathways, and cell cycle regulation (Lorin et al.,

N.atcc.or

2010; Chaabane et al,, 2013; Zhang et al., 2010
2009; Moscat and Diaz-Meco, 2009; Jin, 2005). Necroptosis-related
proteins such as RIP1 and RIP3 are also activated by death signals
from the cell membrane, including TNF alpha and FADD (Wu et al.,
2012). In this study, PA exposure increased the levels of p53, RIP1,
and RIP3, and pretreating cells with inhibitors of p53 and

Vousden and Ryan

Figure 4

[A] This data shows the amount of reactive oxygen species
when the cells are exposed to increasing concentrations of
palmitate. [B] These are images of NRF2 expression, which is
a master regulator of antioxidant genes, with and without
palmitate. [C, D] These are images of superoxide dismutase
(SOD), which eliminates reactive oxygen species (it is an
antioxidant) with and without palmitate.

Primary Results

- There is an increase in reactive oxygen species with
increased palmitate.

- There is an increase in antioxidant molecules/proteins with
the addition of palmitate.

Take’Away: There is an increase in reactive oxygen species
and ROS stress on the cells when cells are exposed to
palmitate.
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Fig. 5. Morphological changes following PA exposure. TEM images were acquired of cells that had been exposed to 250 jiM PA for 24 h. Red arrows indicate phagosomes
containing lipid droplets and organelles. ER dilatation and mitochandrial damage triggered by PA treatment can be observed readily. M, mitochondria; ER, endoplasmic
reticulum. {For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)

Figure 5

This image shows phagosome formation with extremely high
levels of palmitate (250uM).

Note: This should have had a control image, as well as an
image with far less palmitate addition, because at such high
concentrations, it is possible the effect is not from palmitate,
but because of the astronomical bombardment of any
molecule.

(A)

Cytocheome C

Cleaved caspase-9
Cleaved 3 [§ e E:

<1160y

PARP E~ - . = -]e in

pIRE 1 alpha

CHOP

Fig. 6. Changes in protein expeession following PA exposure. The experiment was
performed 3 times, independently, and all results shawed similar trends: repre-
sentative data are presented (A) Dose-dependent changes. (B) Increase in the
aggregation of pE2 protein. Cells were incubated for 24 h without or with PA
(250 puM). Magnification 800

necroptosis partially rescued the reduction in cell viability induced
by PA treatment; however, the addition of these 2 inhibitors accel-
erated the cell cycle arrest at the G2/M phase.

Apoptosis can be triggered by mitochondrial damage, which is
followed by the release of cytochrome ¢ and the caspase cascade
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(Kim et al,, 2006). The BAX protein activates mitochondrial release
of cytochrome ¢ (Renault and Manon, 2011). Apoptosis can be also

induced by the dy ion of cellular h and the ER,
Iysosomes. .md the Colgl .lppar.mls are major sites of the cell death
this jon (Fern and Kroemer,

2001). In this study, PA activated SOD-2, a mitochondrial SOD,
but not SOD-1, a cytosolic SOD, and concomitantly increased ROS
production, and PA induced apoptosis through the caspase-
dependent pathway (Fukai and Ushio-Fukal, 2011). Free fatty
acid-induced oxidative stress lowers the rate of mitochondrial
[-oxidation, leading to a reduction in cellular ATP content (Liu
and Czaja, 2013). Furthermore, PA increased the levels of the ER
stress-related proteins such as CHOP and p-IRE 1 alpha and caused
ER dilatation, ER stress, which can be triggered by (a) disruptions in
redox regulation and calcium regulation, (b) glucose deprivation,
and (c) viral infection, leads to the accumulation of unfolded pro-
teins in the ER lumen or the cytosol (Chen md Yin, 2011; Sano
and Reed, 2013). TUDCA p by inhibiting the
BAX pathway (Rivard et al.. 20(17)and ER stress (Lee et al., 2010).
Here, the levels of BAX protein did not change markedly in cells
exposed to 250 uM PA. Thus, PA-induced cell death, but not the
alteration in cell cycle, was rescued completely by TUDCA
prerrca(ment.

and autoph, share latory systems
and common s:gn.lhng pathway& Lysosomes contain several cata-
bolic h: 1, that fi imally at an acidic pH and con-
!ribule to autophagic cell death, which is induced by signals such
as oxidative stress and ER stress (Tanida, 2011). Lysosomes also
participate in degrading apoptotic cells present in the heterophagic
vacuoles of healthy cells (Ferri and Kroemer, 2001). Defective lyso-
somal metabolism can cause fatal diseases such as Danon disease,
Gaucher's disease types 1 and 3, and Anderson-Fabry disease (Cox
and Cachdn-Gonzalez, 2012). In this study, PA exposure increased
the aggregation of p62 protein, which is degraded in the lysosome.

Figure 6

These are mostly measures of cell death proteins (Cyt C,
caspase 9, caspase 3, PARP, etc.).

It's tough to read, because their loading control is horrid
and the majority of real effects seem to hinge the high
palmitate condition only (250uM).
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Fig. 7. Effects of various inhibitors on PA-induced alterations in cell viability and cell cycle. Cells were pretreated with inhibitors of caspase [CA, Z-VAD-FMK, 0.2 uM), p53
{pifithrin-alpha. 1 uM). autaphagy (AL, Baf A1, 011 pM ). and necroptosis (NE, necrostatin-1, 1 pM) for 1 b Cells were also preereated with an ER-stress inhibitor (ER, TUDCA,
3

200 uM] for 24 o were

times, and in each experiment, & wells were used per concentration. The results are presented as AV + 5D. The

statissical significance of inhibitor groups was evaluated based cn the corresponding concentraticn of no-inhibites group, “p < 0,05; “p < 0,01, (A) Effect an cell viability,
WViability of the treatment group is expressed as a percentage of the control group, which was considered as 100%. () Effect on cell cycle,

Figure 7

[A] The researchers are adding inhibitors for various cell
processes that may contribute to cell death and cell stress with
the addition of increasing concentrations of palmitate. [B] They
do the same, but they measure cell cycle progression (cell
division).

Primary Results

- Caspase inhibitors, p53 inhibitors, and ER stress inhibitors allow
for better cell survival.

- Cell cycle progression normalizes some with caspase inhibitors.

Take/AWay: Presumably, if you relieve some pressure from the
cell by eliminating certain triggers of cell death, it allows the cells
to survive better when exposed to palmitate.

Furthermore, when the fusion between autophagosomes and
lysosomes was blocked, the ER became dilated and PA-induced
morphological changes were exacerbated, which was accompanied
by a di e of cellular ¢ and an increase in
apopiotic cell death. The PA-induced aggregation of p62 protein
was also exacerbated after Baf A1 pretreatment.

Taken together, our results suggest that PA induces apoptosis
accompanied by autophagy through mitochondrial dysfuncrion
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and ER stress that are triggered by oxidative stress in human Chang
liver cells. Moreover, the impairment of autophagic function may
accelerate cellular damage following PA exposure,
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