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This protocol provides an efficient approach to measuring LDL cholesterol uptake with real time
influx rates using a live cell imaging system in various cell types. This technique provides a
platform to screen the pharmacological activity of compounds affecting LDL influx while
monitoring for cell morphology and hence potential cytotoxicity.

ABSTRACT:

The regulation of LDL cholesterol uptake through LDLR-mediated endocytosis is an important
area of study in various major pathologies including metabolic disorder, cardiovascular disease,
and kidney disease. Currently, there is no available method to assess LDL uptake while
simultaneously monitoring for health of the cells. The current study presents a protocol, using a
live cell imaging analysis system, to acquire serial measurements of LDL influx with concurrent
monitoring for cell health. This novel technique is tested in three human cell lines (hepatic, renal
tubular epithelial, and coronary artery endothelial cells) over a four-hour time course. Moreover,
the sensitivity of this technique is validated with well-known LDL uptake inhibitors, Dynasore and
recombinant PCSK9 protein, as well as by an LDL uptake promoter, Simvastatin. Taken together,
this method provides a medium-to-high throughput platform for simultaneously screening
pharmacological activity as well as monitoring of cell morphology, hence cytotoxicity of
compounds regulating LDL influx. The analysis can be used with different imaging systems and
analytical software.

INTRODUCTION:

The Low Density Lipoprotein Receptor (LDLR)-mediated LDL endocytosis is an important area of
study since circulating LDL cholesterol levels are at the core of cardiovascular disease?!, kidney
disease? as well as a variety of inflammatory diseases® and genetic disorders with mutations in
cholesterol transport genes*’. Studies in LDLR-mediated cholesterol influx have led to
identification of multiple research tools, such as Dynamin inhibitors including the chemical
Dynasore®19, as well as LDL-regulating proteins such as Proprotein Convertase Subtilisin/Kexin
type 9 (PCSK9)112,

The LDL-LDLR endocytosis pathway begins with sequestering the LDL-LDLR complex on the cell
surface into clathrin-coated pits'3. Vesicles are then formed by invagination of the cell surface
membrane internalizing the LDL-LDLR complex in vacuoles for transport inside the cell. As the
formed vesicle matures into early and then late endosomes, the pH drops inside the late
endosome, causing disassociation of the LDL from its receptor!. In the past, the methods of
quantification of LDL influx depended on radio-labeled '*°I-LDL co-incubation with cells and
subsequent extraction of the radio-labelled protein from cells for quantification'. This was then
replaced by the use of fluorescently labelled LDL proteins such as Dil-LDL, and subsequent
immunostaining or extraction of protein for fluorescent readings using a spectrophotometer or
plate reader'>®, Fluorescently labelled LDL has also been used in Fluorescence-activated cell
sorting (FACS) for analysis of internalization of LDL and cell surface LDL binding!’. While these
methods allow for collection of data after treatment, monitoring the viability of the cells during
treatment is not possible.

The acidic pH in the late endosome allows the use of a pH-activated fluorescent LDL probe such
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as pHrodo Red LDL that fluoresces after internalization'®°, This property allows for a continuous
time course of LDL uptake assessment in live cells. Therefore, this protocol utilizes pHrodo Red-
LDL fluorescence imaging in a live cell analysis to serially measure LDL uptake with concurrent
monitoring for the cell health. The results indicate the reliability of this novel technique as tested
over a four-hour time course in three different human cell lines, human hepatic carcinoma
(HepG2) cells, human renal epithelial (HK2) cells and human coronary arterial endothelial cells
(HCAEC). These cell lines are clinically significant to LDL clearance?’?’, kidney disease?®3!, and
heart disease333, respectively. In addition to monitoring the LDL influx, this protocol
incorporates treatment with two well-known LDL uptake inhibitors, Dynasore Hydrate and
recombinant PCSK9 protein as well as a statin inducer of LDLR expression and LDL uptake,
simvastatin. Dynasore and recombinant PCSK9 each work through different pathways to reduce
LDL uptake.

Dynasore is a small molecule inhibitor of Dynamins'® and reduces LDL uptake by blocking clathrin-
dependent endocytosis of LDL-LDLR complex'®34. Recombinant PCSK9, on the other hand, is a
member of peptidase S8 family that binds to LDLR and inhibits its recycling to the cell surface
after releasing LDL from the internalized complex by blocking required conformational
changes3>36, Decreased cell surface LDLR density eventually leads to reduced LDL uptake by the
cell. Statins, while directly blocking the 3-hydroxy-3-methylglutaryl-coenzyme (HMG-CoA)
reductase enzyme and thus cholesterol biosynthesis, are also known to upregulate the
expression of LDLR?>>32 |eading to increased LDL uptake. The sensitivity of this protocol is
validated by detecting significant reductions in LDL influx in three clinically relevant human cell
lines, HK2, HepG2 and HCAECs, by Dynasore and/or recombinant PCSK9, and a marked increase
in LDL uptake in HepG2 cells by Simvastatin in a four-hour time course with monitoring for cell
morphology/health. Taken together, this method provides a medium-to-high throughput
platform for concurrently screening the pharmacological activity and cytotoxicity of compounds
regulating LDL uptake in live cells.

PROTOCOL:
1. Seeding Cells in a 24-well Plate

1.1. Aspirate media off the cells, wash the cells with 5 mL of Dubelco’s Phosphate Buffered Saline
(dPBS), and aspirate the dPBS. For HepG2 cells in a 100 mm dish, use 1.5 mL of 0.25%
Trypsin/EDTA, and for HK2 cells or HCAECs use 1.5 mL of 0.05% Trypsin/EDTA solution to detach
the cells.

1.2. Incubate the plate in a 37 °C incubator for 4 minutes or until the cells are detached.
Neutralize trypsin after a 4 minute incubation by adding 3 mL of complete media for HepG2 and
HK2 or 3 mL of trypsin neutralizing solution, dPBS plus 5% fetal bovine serum (FBS), for HCAEC
cells.

1.3. Transfer the cells into 15 mL conical tubes and centrifuge at 250 x g for 5 minutes, aspirate
the media, and re-suspend the cell pellet in complete media.
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1.4. Filter the cell suspension gently through a 40 um mesh strainer to break up cell clumps. Do
not wash the cells through the strainer.

1.5. Count the cells and plate them at an optimized density. For example, 5,000 cells per well of
HepG2 cells or 10,000 cells per well of HK2 cells or HCAECs in a 24-well plate lead to optimal
results.

1.6. Incubate the plate overnight at 37 °C to allow cells to attach.

1.7. The next day, change the cell media to base media for the cell line (without FBS) plus 5%
Lipo-Protein Deficient Serum (LPDS) or low (2%) FBS media depending on the treatment (see 1.7).
Then, continue incubation for 24 h to starve the cells. Use 500 pL of total media per well in a 24-
well plate.

1.8. Treat the cells in one of three ways: Add 10 pg/mL of rPCSK9 (or vehicle) and return the cells
to the 37 °Cincubator for 1 hour, add 40 uM of Dynasore Hydrate (or vehicle, Dimethyl Sulfoxide)
and return the cells to the 37 °C incubator for 10 minutes, or add 1 uM Simvastatin (or vehicle,
Dimethyl Sulfoxide) and return the cells to the 37 °C incubator for 12, 18 or 24 hours. Use media
with 5% LPDS for rPCSK9 or Dynasore treatments. Use low (2%) FBS media or media with 5% LPDS
Simvastatin treatments.

Note: Treating the cells with desired compounds may be done at the time of media change for
lipoprotein starvation (step 1.6) for long-term experiments, or prior to the analysis for short-term
experiments. Alternatively, customized treatment times may be chosen based on the type and
the purpose of the experiments.

1.9. Next, add 5 pL of pHrodo red-labelled LDL (1 mg/mL stock) to each well to obtain a final
concentration of 10 ug/mL. Then, carefully remove any bubbles from the wells.

2. Live Cell Analysis

2.1. Immediately after adding the labelled LDL, place the plate in the live cell analysis system
incubator (see Table of Materials) and allow the plate to equilibrate for 15 minutes to reduce
condensation in the plate.

2.2. In the meantime, open the software and schedule the scan by adding the vessel holding the
plate. Image 16 images per well at 1 hour intervals at 10X for 4 hours using the red and phase
channels.

2.3. Create a Plate Map to use for data processing.

2.3.1. Click on the Properties tab. Choose the Plate Map. Input the cell type and treatments in
Compounds tab.

2.3.2. Click on the Regions tab, select each set of replicates, and save as regions.
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3. Set up Analysis Parameters

3.1. Once an experimental run is complete, create an Image Set in the software to train the
computer to quantify each parameter included in the counting set.

3.1.1. In the software, open the plate view, then in the Analysis Job Utilities box choose Create
or Add to Image Collection.

3.1.2. Select New Image Collection, type a name for the image collection, and choose the Red
and Phase channels by checking the boxes next to the channels.

3.1.3. Select 5 more images and add to image collection by adding to the current image
collection.

3.2. Create a Processing Definition for the cells. Table 1 includes the parameters for the HepG2,
HK2, and HCAE cell processing definitions for this LDL influx protocol.

3.2.1. In the Analysis Job Utilities box, choose New Processing Definition. Choose the Image
Collection named in step 2.1.2 from the drop down menu. Input the parameters for the type of
cells from Table 1.

3.2.2. In the Preview box, use the drop down menu to select Preview All.

3.2.3. In the Analysis Mask box, check the Confluence Mask and the Red Object Mask boxes to
view the area included in the analysis for the processing definition. See Figure 1.

3.2.4. Scroll through the image collection to ensure the cells and LDL are included in the mask.
Select File and Save the Processing Definition.

3.3. Analyze the set of images from the experimental run.

3.3.1. Open the experiment in plate view. In the Analysis Job Utilities box, choose Launch New
Analysis Job. Select the saved Processing Definition.

3.3.2. Name the analysis job, choose the time range for analysis, and highlight the experimental
wells to analyze. Click the Launch button.

4. Analysis and Data Processing
4.1. Once the Analysis Job is complete, export the data:

4.1.1. Select the completed analysis and press View. In the Utilities menu, choose Metric/Graph
Export.

4.1.2. In the Regions menu, choose All Wells, and in the Group menu, to obtain the mean values
for each set of wells as a group choose Replicates and for exporting the individual values for each
well choose None.
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4.1.3. In the Red Object metric menu, choose the Total Red Object Integrated Intensity (RCU x
um?2/image). This parameter indicates the sum of the red signal intensity (in RCU) times the area
of the red signal (in um?) in all the images across each well, which corresponds to the total LDL
uptake by the cells.

4.1.4. Click the Data Export button. Check Break data down into individual images. The data is
automatically copied on a clipboard and can be pasted to a new spreadsheet file.

4.1.5. In the Phase Object metric menu, choose the Confluence (Percent). Check Break data
down into individual images. Click the Data Export button. The data is automatically copied on
a clipboard and can be copied to the spreadsheet file containing Total Red Object Integrated
Intensity data.

4.1.6. Apply the conversion of the percent confluence to total area with the following equation.

Total Phase Area (um?/image) = Confluence (%) x (Image Height (Pixels) x Resolution) x (Image
Width (Pixels) x Resolution)

Note: The confluence (%) parameter indicates the percent confluence of the phase area per
image that corresponds to the area of the cells in each well. This metric should be converted into
total phase area for each individual image once exported. The image specifications for phase
channel (image height, width and resolution) to be used with the above formula for each
experimental vessel can be found by referring to Vessel Properties under Image Channels.

4.1.7. Normalize Total Red Object Integrated Intensity to the Total Phase Area as calculated in
4.1.6 using the following formula for each individual image to eliminate the variability in the cell
density across the wells.

4.1.7.1. Divide the Total Red Object Integrated Intensity (RCU x pm?/image) values of each
image by its corresponding Total Phase Area (um?/image) to obtain LDL Uptake (RCU) values
per image.

4.1.7.2. Then, average the LDL Uptake (RCU) data of all images of each well to obtain the average
LDL uptake in each well and then average the LDL uptake values of all the replicate wells to obtain
group means. These data are the final LDL uptake values and may be used for illustration and
statistical analysis using the software of choice.

REPRESENTATIVE RESULTS:

Live Cell Imaging Allows for Reliable Monitoring of Cell Health During Cholesterol Influx Studies
in Three Human Cell Lines

We validated our assay in three human cell lines in which cholesterol homeostasis regulation
plays a major pathophysiological role, including human hepatic carcinoma (HepG2) cells, human
renal epithelial (HK2) cells, and human coronary artery endothelial cells (HCAECs). We used a live
cell imaging system to perform the LDL uptake assay in a 4-hour time course with serial
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measurements at 1-hour intervals. Our results indicate that all the cell types tested were
compatible with this new technique and result in curves indicating continuous LDL uptake for the
duration of the influx study with 4.33 hours as the final endpoint (Figure 2). The influx data shown
in Figure 2 were obtained by normalizing the total pHrodo Red-labeled LDL fluorescence (total
red object integrated intensity per image in RCU x um2/image) to the total cell area in each image
of each well (phase object area per image in um?/image) to eliminate the variability in the cell
density across the wells. Furthermore, to validate the sensitivity of the LDL influx assay for the
purpose of screening compounds affecting LDL cholesterol uptake, we used two positive controls
known to inhibit LDL influx, Dynasore and rPCSK9, and one positive control known to induce LDL
uptake, Simvastatin. As validated by our results, following treatment with Dynasore and rPCSK9,
all three tested human cell lines (HepG2, HK2 and HCAEC) showed significant reductions in LDL
influx over a 4-hour time course (Figure 2A-C). For example, Figure 2A shows that the LDL influx
is reduced in HepG2 cells with treatment of Dynasore over the time course, compared to the cells
treated with DMSO; while the DMSO as the vehicle control for Dynasore control had no
significant effect on LDL influx compared to the untreated control group. Furthermore, our
findings showed a marked increase in LDL uptake by HepG2 cells following treatment with
Simvastatin (Figure 3), supporting the sensitivity of this method to detect significant alterations
in the LDL influx. At about the 4.5 hour time point, which is a typical time point in LDL uptake
studies, the LDL influx is significantly reduced with either Dynasore or rPCSK9 treatment, and
increased by Simvastatin treatment (Figure 4).

A major advantage to using live cell imaging for LDL uptake studies is that this system provides
real time images of the cells in each well that could be used to monitor potential cytotoxicity of
the examined compounds. Figures 5-7 illustrate representative images of the three cell lines
investigated at the initial time point (0.33 h) and final endpoint (4.33 h) as a visual reference for
the net LDL influx. The images confirm the normal morphology of the cells following Dynasore or
rPCSK9 treatments, indicating both effectiveness and safety of these compounds.

Live Cell Analysis Gives Reliable Serial Quantitative Cholesterol Influx Measurements with
Various Treatments

A major advantage of using this protocol with a live cell imaging system is the ability to collect
data throughout the time course and compare LDL influx at multiple time points rather than just
one final time point as traditionally done. Using this protocol, we are able to calculate the percent
reduction in LDL influx at the terminal time point as well as at 1 hour intervals throughout the
time course. Table 2 summarizes the reduction in LDL influx in three tested human cell lines
following 10 min pre-treatment with 40 uM Dynasore or 1 hour pre-treatment with 10 pg/mL
rPCSK9. At 4.33 hours as the final study end point, treatment with Dynasore at 40 uM significantly
reduced LDL influx in HepG2 cells, HK2 cells and HCAECs by 53%, 68% and 54%, respectively
(Table 2A-C) and treatment with rPCSK9 at 10 pg/mL resulted in 55% reduction in LDL influx in
HK2 cells (Table 2B). In addition to quantifying the terminal time point as in traditional assays,
we are able to perform a quantitative analysis in the reduction of LDL influx due to treatment at
each time point of the experiment. For example, Table 2B shows that treatment with rPCSK9 in
HK2 cells resulted in a reduction of LDL uptake by 79% at 1.33 hours, 67% at 2.33 hours, 59% at
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3.33 hours post treatment compared to untreated cells. This protocol provides a reliable method
for quantitative analysis of LDL influx after treatment.

FIGURE AND TABLE LEGENDS:

Figure 1. Processing Definition Mask. Representative images of HK2 cells are depicted following
the application of the appropriate processing definition (detailed in Table 1). Shown are HK2 cells
without masking (A), with Phase Mask applied (B), with Red Object Mask applied (C), or with both
Phase and Red Object masks applied (D). Scale bar = 100 um.

Figure 2. Reduction in LDL uptake using live cell imaging system over a 4.33 h time course. Live
cell analysis system is used to measure LDL influx in human hepatic carcinoma (HEPG2) cells (A),
human renal tubular epithelial (HK2) cells (B), and human coronary artery endothelial (HCAE)
cells (C). The cells were treated with Dynasore (10 minutes before the run) or rPCSK9 (one hour
before the run) as positive controls. DMSO was used as a vehicle for Dynasore treatments.
Positive controls significantly decreased the LDL influx in all 3 cell lines. LDL influx values were
obtained by normalizing the total red object integrated intensity (RCUxum?2/image) to the total
phase object area (um?/image). Data are mean+SEM. N = 6 wells/group. Data are representative
of 2 or 3 independent experiments. ****p < 0.0001 vs blank, and ####p < 0.0001 vs DMSO, using
two-way ANOVA.

Figure 3. Increase in LDL uptake using live cell imaging system over a 4.33h time course. Live
cell analysis system is used to measure LDL influx in human hepatic carcinoma (HEPG2) cells. LDL
uptake is significantly increased following treatment with Simvastatin for 12 hours (A), 18 hours
(B), or 24 hours (C) using media containing 2% FBS. The 24 hour time point was also performed
with media containing 5% LPDS (without FBS). DMSO was used as negative control. LDL influx
values were obtained by normalizing the total red object integrated intensity (RCU x um?/image)
to the total phase object area (um?/image). Data are mean+SEM. N = 6 wells/group. Data are
representative of one independent experiment. ****p < 0.0001 vs DMSO, using Student’s t-test.

Figure 4. Significant LDL influx reduction by LDL uptake-lowering agents at 4.3 hour time point.
LDL influx is significantly reduced in human hepatic carcinoma (HepG2) cells (A), human renal
tubular epithelial (HK2) cells (B), and human coronary artery endothelial (HCAE) cells (C) following
treatment with LDL uptake inhibitors Dynasore for 10min or rPCSK9 for 1 hour. LDL influx is
markedly increased by Simvastatin in HepG2 cells after 12, 18 or 24 hours treatments (D). Data
are meantSEM. N = 6 wells/group. Data are representative of 2 or 3 independent experiments.
****p < 0.0001 using two-way ANOVA.

Figure 5. Reduced LDL influx in hepatocellular carcinoma (HepG2) cells by LDL uptake-lowering
agent, Dynasore. Representative images of the phase object and red object for HepG2 cells are
depicted at 0.33 hour (left panels) and the 4.33 hour endpoint (right panels) show healthy status
of cells. 40 uM Dynasore, known to reduce LDL-cholesterol uptake, was used as positive control
(C). Images were taken at 10X magnification. Scale bar = 100 um.
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Figure 6. Reduced LDL influx in human renal tubular epithelial (HK2) cells by LDL uptake-
lowering agents, Dynasore and rPCSK9.

Representative images of the phase object and red object for HK2 cells depicted at 0.33 hour (left
panels) and the 4.33 hour endpoint (right panels) show healthy status of the cells. 40 uM
Dynasore (C), or 10 ug/mL rPCSK9 (D), known to reduce LDL cholesterol uptake, were used as
positive control. Images are taken at 10X magnification. Scale bar = 100 um.

Figure 7. Reduced LDL influx in human coronary artery endothelial cells (HCAECs) by LDL
uptake-lowering agent, Dynasore.

Representative images of the phase object and red object for HCAECs depicted at 0.33 hour (left
panels) and the 4.33 hour endpoint (right panels) show healthy status of the cells. 40 uM
Dynasore, known to reduce LDL-cholesterol uptake, was used as positive control (C). Images were
taken at 10X magnification. Scale bar = 100 um. Data are meanSEM. N = 6 wells/group. Data are
representative of 2 or 3 independent experiments.

Table 1. Processing Definition Parameters. These parameters are specific for the analysis system
used in this protocol. Parameters should be set up to analyze red area in the red channel and the
area of the cell in the phase channel. Parameter settings for HepG2, HK2, HCAE cell lines are
presented.

Table 2: Percent Change in LDL influx in HepG2, HK2 and HCAE cells treated with Dynasore,
rPCSK9, or Simvastatin at 4.3 hours. A. HepG2 cells B. HK2 cells C. HCAE cells D. HepG2 cells.

DISCUSSION.

In the current protocol, we demonstrate the utilization of live cell imaging as a new and more
effective method for measuring real time LDL uptake over a time course in various human cell
lines. Human hepatic carcinoma (HepG2) cells are commonly used in studies screening for
cholesterol-lowering therapeutics?263%40 Therefore, we chose this cell type for testing the
capability of a live cell imaging system for LDL influx studies. Our results indicate that HepG2 cells
are compatible with this new technique and result in a sigmoid-like curve indicating continuous
LDL uptake for the duration of the influx assay until 4.33 hours as the final endpoint (Figures 2A
and 3).

Cholesterol homeostasis plays a major role in the pathophysiology of various nephropathies.
Indeed, cholesterol accumulation in renal tissue is a major contributor to renal fibrosis leading to
chronic kidney disease and is a major pathology in various nephropathies?®3!, Hence, we
examined our method in human renal epithelial (HK2) cells as a popular and reliable cell line
utilized in the field of nephrology. Our data also supported the feasibility of the live cell imaging
system to measure LDL influx in HK2 cells. As shown in Figure 2B, HK2 cells took up LDL
cholesterol linearly throughout the duration of the influx study (4 hours).

Due to the importance of the cholesterol metabolism in the development and progression of
atherosclerosis3>3341, the leading cause of cardiovascular disease, which in turn is the number-
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one killer worldwide*?, we aimed to validate our method in an atherosclerosis-relevant cell type.
We used Human Coronary Arterial Endothelial Cells (HCAECs), as these are one of the first cell
types to be exposed to a cholesterol insult in the coronary artery lumen of an atherosclerosis
patient. Our data shown in Figure 2C indicates that this LDL influx method also works effectively
with HCAECs. The resultant graph is a sigmoid-like curve similar to that of HepG2 cells.

To test the validity and sensitivity of this improved LDL influx assay for screening compounds
affecting LDL-cholesterol uptake, we used three controls, LDL uptake-lowering agents Dynasore
and rPCSK9, and LDL influx activator Simvastatin. Here, we treated the above mentioned cell lines
(HepG2, HK2 and HCAECs) with optimized concentrations of Dynasore or rPCSK9 prior to the
influx assay. Our results showed that all three tested cell lines responded to the treatments with
significant reductions in LDL influx over a 4-hour time course (Figure 2). For instance, at 4.33
hours as the final time point, treatment with Dynasore at 40 uM significantly reduced LDL influx
in HepG2 cells, HK2 cells and HCAECs by 53%, 68% and 54%, respectively (p<0.0001; Figure 2A-C
and Table 2A-C). In addition, rPCSK9 at 10 pg/mL caused a marked 55% reduction in LDL influx in
HK2 cells (p<0.0001; Figure 2B and Table 2B). Moreover, our findings showed that treating
HepG2 cells with Simvastatin resulted in a marked increase in LDL uptake (Figure 3), supporting
the sensitivity of this method to detect significant alterations in the LDL influx. Studies of
treatment with rPCSK9 in HepG2 and HCAEC cells are not included in this protocol as rPCSK9 is
used as an additional control treatment with well-documented results, but is costly to buy in
small quantities. Therefore rPCSK9 was only used to validate this protocol in HK2 cells.

Live cell imaging analysis, along with the functional and timely measurement of LDL influx,
allowed for continuous monitoring of the health and morphology of the cells. This advantage can
efficiently detect potential cytotoxicity of the applied compounds, making this method an ideal
technique for simultaneously monitoring pharmacological activity and cytotoxicity. Figures 5-7
illustrate representative images of the three tested cell lines at the final endpoint (4.33 h) as a
visual reference for the effect of the treatments on net LDL influx and also shows the healthy
morphology of the cells following the tested treatments. We recommend visual inspection of all
the images from each well to assure the heathy morphology of the cells for the duration of the
study. For example, in data not shown, when images of HepG2 cells treated with 80 UM Dynasore
were inspected, we observed indications of cell detachment as the edges of the cells appeared
to be lifting off the plate, suggesting cell detachment at higher concentrations of Dynasore.
Furthermore, high concentrations of simvastatin (3-10 uM) also led to altered morphology
indicating induced apoptosis as reported for high dosages of statins**. This protocol was used to
perform a titration of the Dynasore treatment at 20-80 puM, and Simvastatin at 0.5-10 uM
concentration, following which the cell images were used to analyze the health of the cells and
determine potential ctotoxicity of the treatments at various concentrations. Results suggested
the use of 40 uM for Dyansore and 1 uM for simvastatin as optimal concentrations.

Lastly, we suggest performing a cell density titration study if another cell line is to be tested with
this method in order to identify the optimal cell number per well to obtain consistent results. Our
cell density optimization study showed that 10,000 cells/well in a 24-well plate lead to consistent
LDL influx outcomes for HK2 and HCAE cells. It is important to note that for this LDL influx assay
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using live cell imaging system, a monolayer of non-confluent cells distributed evenly on the wells
is desirable as clumps of cells may give rise to errors in the final normalized LDL influx values. The
reason for this is that for the normalization of the influx data, the phase object area is used as a
measure of cell density and this parameter can be adversely affected when cell clumps are
formed. We observed that HepG2 cells have a tendency to form clumps when seeded at densities
higher than 5,000 cells/well causing inconsistent influx results; therefore, we used 5,000 cells per
well in a 24-well plate as optimal density for HepG2 cells.

Collectively, our method provides a medium-to-high throughput platform for screening the
pharmacological activity and cytotoxicity of compounds regulating LDL influx concurrently. This
method can be readily adapted for use with other fluorescently-labeled ligands that enter the
lysosomal compartment to evaluate ligand uptake in real time. While this protocol offers
specifications for InCucyte live imaging and analysis system, the protocol can be adapted for
alternative imaging systems such as Cellomics.
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Iltem 1 (check one box): The Author elects to have the Materials be made available (as described at

http://www.jove.com/author) via: Standard Access | Open Access

Item 2 (check one box):

‘/The Author is NOT a United States government employee.

The Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee.

The Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

1. Defined Terms. As used in this Article and Video License
Agreement, the following terms shall have the following
meanings: “Agreement” means this Article and Video License
Agreement; “Article” means the article specified on the last
page of this Agreement, including any associated materials
such as texts, figures, tables, artwork, abstracts, or summaries
contained therein; “Author” means the author who is a
signatory to this Agreement; “Collective Work” means a work,
such as a periodical issue, anthology or encyclopedia, in which
the Materials in their entirety in unmodified form, along with a
number of other contributions, constituting separate and
independent works in themselves, are assembled into a
collective whole; “CRC License” means the Creative Commons
Attribution-Non  Commercial-No Derivs 3.0 Unported
Agreement, the terms and conditions of which can be found
at: http://creativecommons.org/licenses/by-nc-
nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version, sound
recording, art reproduction, abridgment, condensation, or any
other form in which the Matertals may be recast, transformed,
or adapted; “Institution” means the institution, listed on the
last page of this Agreement, by which the Author was
employed at the time of the creation of the Materials; “JoVE”
means Mylove Corporation, a Massachusetts corporation and
the publisher of The Journal of Visualized Experiments;
“Materials” means the Article and / or the Video; “Parties”
means the Author and JoVE; “Video” means any video(s) made
by the Author, alone or in conjunction with any other parties,
or by JoVE or its affiliates or agents, individually or in
collaboration with the Author or any other parties,
incorporating all or any portion of the Article, and in which the
Author may or may not appear.
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2. Background. The Author, who is the author of the Article,
in order to ensure the dissemination and protection of the
Article, desires to have the JoVE publish the Article and create
and transmit videos based on the Article. In furtherance of
such goals, the Parties desire to memorialize in this Agreement
the respective rights of each Party in and to the Article and the
Video.

3. Grant of Rights in Article. In consideration of JoVE agreeing
to publish the Article, the Author hereby grants to JoVE,
subject to Sections 4 and 7 below, the exclusive, royalty-free,
perpetual (for the full term of copyright in the Article,
including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Article in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b} to translate the
Article into other languages, create adaptations, summaries or
extracts of the Article or other Derivative Works (including,
without limitation, the Video) or Collective Works based on all
or any portion of the Article and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works and
(c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically necessary
to exercise the rights in other media and formats. If the “Open
Access” box has been checked in Item 1 above, JoVE and the
Author hereby grant to the public all such rights in the Article
as provided in, but subject to all limitations and requirements
set forth in, the CRC License.
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4. Retention of Rights in_Article. Notwithstanding the
exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in each
case provided that a link to the Article on the JoVE website is
provided and notice of JoVE's copyright in the Article is
included. All non-copyright intellectual property rights in and
to the Article, such as patent rights, shall remain with the
Author.

5. Grant of Rights in Video — Standard Access. This Section 5
applies if the “Standard Access” box has been checked in Item
1 above or if no box has been checked in Item 1 above. In
consideration of JoVE agreeing to produce, display or
otherwise assist with the Video, the Author hereby
acknowledges and agrees that, Subject to Section 7 below,
JoVE is and shall be the sole and exclusive owner of all rights of
any nature, including, without limitation, all copyrights, in and
to the Video. To the extent that, by law, the Author is
deemed, now or at any time in the future, to have any rights
of any nature in or to the Video, the Author hereby disclaims
all such rights and transfers all such rights to JoVE.

6. Grant of Rights in Video — Open Access. This Section 6
applies only if the “Open Access” box has been checked in
Item 1 above. In consideration of JOVE agreeing to produce,
display or otherwise assist with the Video, the Author hereby
grants to JoVE, subject to Section 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Video in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Video into other languages, create adaptations, summaries or
extracts of the Video or other Derivative Works or Collective
Works based on all or any portion of the Video and exercise all
of the rights set forth in (a) above in such translations,
adaptations, summaries, extracts, Derivative Works or
Collective Works and (c) to license others to do any or all of
the above. The foregoing rights may be exercised in all media
and formats, whether now known or hereafter devised, and
include the right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. If the Author is a United States
government employee and the Article was prepared in the
course of his or her duties as a United States government
employee, as indicated in ltem 2 above, and any of the
licenses or grants granted by the Author hereunder exceed the
scope of the 17 U.S.C. 403, then the rights granted hereunder
shall be limited to the maximum rights permitted under such
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statute. In such case, all provisions contained herein that are
not in conflict with such statute shall remain in full force and
effect, and all provisions contained herein that do so conflict
shall be deemed to be amended so as to provide to JOVE the
maximum rights permissible within such statute.

8. Likeness, Privacy, Personality. The Author hereby grants
JoVE the right to use the Author’s name, voice, likeness,
picture, photograph, image, biography and performance in any
way, commercial or otherwise, in connection with the
Materials and the sale, promotion and distribution thereof.
The Author hereby waives any and all rights he or she may
have, relating to his or her appearance in the Video or
otherwise relating to the Materials, under all applicable
privacy, likeness, personality or similar laws.

9. Author Warranties. The Author represents and warrants
that the Article is original, that it has not been published, that
the copyright interest is owned by the Author (or, if more than
one author is listed at the beginning of this Agreement, by
such authors collectively) and has not been assigned, licensed,
or otherwise transferred to any other party. The Author
represents and warrants that the author(s) listed at the top of
this Agreement are the only authors of the Materials. If more
than one author is listed at the top of this Agreement and if
any such author has not entered into a separate Article and
Video License Agreement with JoVE relating to the Materials,
the Author represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them had
been a party hereto as an Author. The Author warrants that
the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate, infringe
and/or misappropriate the patent, trademark, intellectual
property or other rights of any third party. The Author
represents and warrants that it has and will continue to
comply with all government, institutional and other
regulations, including, without limitation all institutional,
laboratory, hospital, ethical, human and animal treatment,
privacy, and all other rules, regulations, laws, procedures or
guidelines, applicable to the Materials, and that all research
involving human and animal subjects has been approved by
the Author's relevant institutional review board.

10. JoVE Discretion. If the Author requests the assistance of
JoVE in producing the Video in the Author’s facility, the Author
shall ensure that the presence of JoVE employees, agents or
independent contractors is in accordance with the relevant
regulations of the Author's institution. If more than one
author is listed at the beginning of this Agreement, JoVE may,
in its sole discretion, elect not take any action with respect to
the Article until such time as it has received complete,
executed Article and Video License Agreements from each
such author. JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to accept
or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
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full, unfettered access to the facilities of the Author or of the
Author’s institution as necessary to make the Video, whether
actually published or not. JoVE has sole discretion as to the
method of making and publishing the Materials, including,
without limitation, to all decisions regarding editing, lighting,
filming, timing of publication, if any, length, guality, content
and the like.

11. Indemnification. The Author agrees to indemnify JoVE
and/or its successors and assigns from and against any and all
claims, costs, and expenses, including attorney’s fees, arising
out of any breach of any warranty or other representations
contained herein. The Author further agrees to indemnify and
hold harmless loVE from and against any and all claims, costs,
and expenses, including attorney’s fees, resulting from the
breach by the Author of any representation or warranty
contained herein or from allegations or instances of violation
of intellectual property rights, damage to the Author’s or the
Author’s institution’s facilities, fraud, libel, defamation,
research, equipment, experiments, property damage, personal
injury, violations of institutional, laboratory, hospital, ethical,
human and animal treatment, privacy or other rules,
regulations, laws, procedures or guidelines, liabilities and
other losses or damages related in any way to the submission
of work to JoVE, making of videos by JOVE, or publication in
JoVE or elsewhere by JoVE. The Author shall be responsible
for, and shall hold JoVE harmless from, damages caused by
lack of sterilization, lack of cleanliness or by contamination
due to the making of a video by JOVE its employees, agents or
independent contractors.  All sterilization, cleanliness or
decontamination procedures shall be solely the responsibility
of the Author and shall be undertaken at the Author’s
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expense. All indemnifications provided herein shal! include
JoVE's attorney’s fees and costs related to said losses or
damages. Such indemnification and holding harmless shall
include such losses or damages incurred by, or in connection
with, acts or omissions of JoVE, its employees, agents or
independent contractors.

12. Fees. To cover the cost incurred for publication, JoVE
must receive payment before production and publication the
Materials. Payment is due in 21 days of invoice. Should the
Materials not be published due to an editorial or production
decision, these funds will be returned to the Author.
Withdrawal by the Author of any submitted Materials after
final peer review approval will result in a USS$1,200 fee to
cover pre-production expenses incurred by JoVE. If payment is
not received by the completion of filming, production and
publication of the Materials will be suspended until payment is
received.

13. Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE’s successors and assignees. This Agreement shall be
governed and construed by the internal faws of the
Commonwealth of Massachusetts without giving effect to any
conflict of law provision thereunder. This Agreement may be
executed in counterparts, each of which shall be deemed an
original, but all of which together shall be deemed to me one
and the same agreement. A signed copy of this Agreement
delivered by facsimile, e-mail or other means of electronic
transmission shalt be deemed to have the same legal effect as
delivery of an original signed copy of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement required per submission.
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Please submit a signed and dated copy of this license by one of the following three methods:
1) Upload a scanned copy of the document as a pfd on the JoVE submission site;

2) Faxthe document to +1.866.381.2236;

3) Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02139

For questions, please email submissions@jove.com or call +1.617.945.9051
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Rebuttal Letter Click here to access/download;Rebuttal Letter;Response 8-3-
18.docx

Dear editor,

Please see responses to your comments below.

1. It's fine that you focus on the IncuCyte system here, but do you have specific alternatives you
can recommend in the manuscript?

We added to the Discussion the following:

“While this protocol offers specifications for InCucyte live imaging and analysis system, the protocol
can be adapted for alternative imaging systems such as Cellomics.”

2. Figure 3: There do not appear to be any ‘####’ markings in the Figure itself.

Fixed.
3. The uploaded figure 4 is incorrect.

Fixed.

4. Table 1: Note that Tables will be formatted directly from the excel files for web viewing, and
therefore certain formatting choices and special characters may not be displayed correctly. Could
this be a Figure instead?

Please continue to use the excel file. We can also send you the table as a pdf but would rather
present it as a table instead. Can you please let us know if and which characters would be affected?
Please let us know. Thanks.

5. Table 2: There is no ‘D’ in the table.

Added.
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