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SUMMARY  29 

In this study, we describe a detailed protocol for inducing liver vesicular steatosis in 30 

differentiated HepaRG cells with the fatty acid salt sodium oleate and employ methods for 31 

detection and quantification of lipid accumulation, including coherent anti-Stokes Raman 32 

scattering (CARS) microscopy, cytofluorimetric analysis, Oil red O staining, and qPCR.   33 

 34 

ABSTRACT  35 

Hepatic steatosis represents a metabolic dysfunction that results from an accumulation of 36 

triglyceride-containing lipid droplets in hepatocytes. Excessive fat accumulation leads to non-37 

alcoholic fatty liver disease (NAFLD),  which is potentially reversible and may evolve into non-38 

alcoholic steatohepatitis (NASH) and eventually cirrhosis and hepatocellular carcinoma (HCC). 39 

The molecular mechanisms linking lipid accumulation in hepatocytes with the progression to 40 

NASH, irreversible liver damage, fibrosis, cirrhosis, and even HCC still remains unclear. To this 41 

end, several in vitro and in vivo models have been developed to elucidate the pathological 42 

processes that cause NAFLD. In the present study, we describe a cellular model for the 43 

induction of liver vesicular steatosis that consists of DMSO-differentiated human hepatic 44 

HepaRG cells treated with the fatty acid salt sodium oleate. Indeed, sodium oleate-treated 45 

HepaRG cells accumulate lipid droplets in the cytoplasm and show typical features of 46 

steatosis. This in vitro human model represents a valuable alternative to in vivo mice models 47 
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as well as to the primary human hepatocytes. We also present a comparison of several 48 

methods for the quantification and evaluation of fat accumulation in HepaRG cells, including 49 

Oil Red O staining, cytofluorimetric Bodipy measurement, metabolic gene expression analysis 50 

by qPCR, and coherent anti-Stokes Raman scattering (CARS) microscopy. CARS imaging 51 

combines the chemical specificity of Raman spectroscopy, a chemical analysis technique well-52 

known in materials science applications, with the benefits of high-speed, high-resolution non-53 

linear optical microscopies to allow precise quantification of lipid accumulation and lipid 54 

droplet dynamics. The establishment of an efficient in vitro model for the induction of 55 

vesicular steatosis, alongside an accurate method for the quantification and characterization 56 

of lipid accumulation, could lead to the development of early stage diagnosis of NAFLD via 57 

the identification of molecular markers, and to the generation of new treatment strategies. 58 

 59 

INTRODUCTION  60 

Hepatic steatosis is defined as intrahepatic fat accumulation, within triglyceride-containing 61 

lipid droplets, of at least 5% of liver weight. Prolonged hepatic lipid storage is a potentially 62 

reversible process, however, it can lead to liver metabolic dysfunction, inflammation and 63 

advanced forms of nonalcoholic fatty liver disease (NAFLD), the predominant cause of chronic 64 

liver disease in many parts of the world1,2. NAFLD is a multifactorial disease that may evolve 65 

to the more aggressive non-alcoholic steatohepatitis (NASH), which in turn can progress to 66 

cirrhosis and, in a small percentage of patients, to hepatocellular carcinoma (HCC)1,3. No 67 

approved therapy is currently available as a specific treatment for NAFLD and the 68 

combination of diet and lifestyle modifications remains the pillar of NAFLD and NASH 69 

management4-6.  70 

 71 

The molecular mechanisms leading to the development of hepatic steatosis in the 72 

pathogenesis of NAFLD still remain to be elucidated7. In this context, mouse models have 73 

been developed to study human steatosis disease progression. A myriad of different models 74 

exists, and each one has its advantages and disadvantages, including genetic, nutritional and 75 

chemically induced models combining different approaches. Genetically modified (transgenic 76 

or knockout) mice spontaneously develop liver disease. However, it should be noted that 77 

these mutations are very rare in humans and deletion or over-expression of a single gene 78 

(e.g., ob/ob mouse) may not mimic the etiology of the multifactorial human disease at the 79 

molecular level8,9. Likewise, the disease acquired by mice after dietary or pharmacological 80 

manipulation may not mimic the effects of human diets associated with development of 81 

NAFLD in man8. Animal models have, however, facilitated developments in the understanding 82 

of NAFLD and this approach is currently the most frequently used strategy in laboratory 83 

research. Nevertheless, the replication in humans of results obtained in animal models has 84 

repeatedly failed, causing poor translation into the clinic10.  85 

 86 

Therefore, in vitro models of NAFLD may play a fundamental role in elucidating the molecular 87 

mechanisms of NAFLD progression, and they represent a valuable tool to screen a large 88 

number of compounds. Primary cell cultures, immortalized cell lines and liver biopsies have 89 

been extensively used for research purposes11. Primary human hepatocytes closely resemble 90 

human clinical conditions, but there is a limited number of donors, and primary cell cultures 91 

show poor reproducibility due to the variability of the cells. These observations, together with 92 

ethical and logistic issues, have resulted in the use of human primary hepatocytes being 93 

limited12. Thus, hepatic cell lines represent a convenient alternative, having several essential 94 
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advantages over primary culture, as hepatic cell lines grow steadily, have an almost unlimited 95 

life-span, and have a stable phenotype. Moreover, cell lines are easily accessible and the 96 

culture conditions of hepatic cell lines are simpler than those of primary hepatocytes and are 97 

standardized among different laboratories.  98 

 99 

Here, we describe in detail an in vitro cell-based model of liver vesicular steatosis, 100 

represented by hepatic differentiated HepaRG cells treated with the fatty acid sodium oleate. 101 

The HepaRG cell line was established from a female patient affected by hepatitis C infection 102 

and an Edmondson grade I well-differentiated liver tumor14. The HepaRG cell line is a human 103 

bipotent progenitor cell line capable of differentiating upon exposure to 2% dimethyl 104 

sulfoxide (DMSO) toward two different cell phenotypes: biliary-like and hepatocyte-like cells. 105 

Differentiated HepaRG cells (dHepaRG) share some features and properties with adult 106 

hepatocytes and possess the ability to stably express liver-specific genes such as Albumin, 107 

AldolaseB, Cytochrome P450 2E1 (CYP2E1), and Cytochrome P450 3A4 (CYP3A4)13 (step 3). 108 

Treatment of dHepaRG cells with the fatty acid salt sodium oleate (250 μM) for 5 days lead to 109 

the generation of cytoplasmic lipid droplets, mimicking the effects of fatty liver14,15,17,18 (step 110 

4). Accumulation of lipid droplets can be easily detected by Oil Red O staining (step 5), a 111 

lysochrome fat-soluble dye that stains neutral triglycerides and lipids red-orange. To 112 

efficiently quantify lipids in fatty dHepaRG, here we illustrate cytofluorimetric analysis after 113 

staining with 4,4-difluoro-1,3,5,7-tetramethyl-4-bora-3a,4a-diaza-s-indacene (Bodipy 114 

505/515) (step 6), a lipophilic fluorescent probe that localizes to intracellular lipid bodies and 115 

has been used to label lipid droplets19. Moreover, here we show how to evaluate steatosis by 116 

quantitative polymerase chain reaction (qPCR) (step 7) gene expression deregulation of 117 

several metabolic genes in dHepaRG cells. To further characterize and quantify the 118 

accumulation of lipid droplets after sodium oleate treatment, we performed coherent anti-119 

Stokes Raman scattering (CARS) microscopy (step 8), an innovative technique that enables 120 

the visualization and quantification of lipid droplets without labeling20,21. 121 

 122 

PROTOCOL  123 

 124 

1. Preparation of culture media and reagents 125 

 126 

1.1. Proliferating medium: supplement William’s E medium with GlutaMAX, 10% fetal 127 

bovine serum (FBS), 1% penicillin/streptomycin, 5 μg/mL insulin and 0.5 μM hydrocortisone 128 

hemisuccinate.  129 

 130 

1.2. Differentiation medium: supplement William’s E medium with GlutaMAX, 10% FBS, 131 

1% penicillin/streptomycin, 5 μg/mL insulin, 50 μM hydrocortisone hemisuccinate and 2% 132 

DMSO.  133 

 134 

1.3. Freezing medium: supplement proliferating medium with 10% DMSO. 135 

 136 

1.4. Sodium oleate: dissolve in 99% methanol at a 100 mM concentration, stir O/N, and 137 

store at -20 °C.  138 

 139 

1.5. Oil Red O: prepare a stock solution. Weigh 0.35 g of Oil Red O and dissolve in 100 mL 140 

of isopropanol. Stir O/N, filter (0.2 µm), and store at RT. Prepare a working solution: mix 6 mL 141 
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of Oil Red O Stock solution with 4 mL of ddH2O. Let sit at room temperature (RT) for 20 min, 142 

and then filter with a 0.2 µm filter. Proper filtration is highly recommended for successful 143 

staining to avoid background. 144 

 145 

1.6. Bodipy (505/515): dissolve Bodipy (505/515) dye in DMSO at a 100 µM stock 146 

concentration, store at -20 °C in dark, and use at a final 100 nM concentration.  147 

 148 

1.7. Acquire transparent glass-bottomed dishes for CARS experiments. 149 

 150 

2. Thawing, amplification and cryopreservation of HepaRG cells  151 

 152 

2.1. Thaw nitrogen cryopreserved HepaRG cells by immersing a batch in a 37 °C bath until 153 

defrosted. Select a low passage batch (<20). HepaRG cells are commercially available. 154 

 155 

2.2. Rapidly transfer the cells into a 15 mL tube containing 10 mL of proliferating medium 156 

and centrifuge for 5 min (200 × g, 4 °C). 157 

 158 

2.3. Discard the supernatant and resuspend the cells with 5 mL of proliferating medium. 159 

 160 

2.4. Count the cells and dilute in order to plate 2.5 × 104 cells/cm2. 161 

 162 

2.5. Renew the medium every 2 or 3 days. Cells proliferate with a doubling time of around 163 

24 h.  164 

 165 

2.6. Detach HepaRG cells when at 80% confluency by 3-5 min incubation with trypsin 166 

solution 0.05%. Collect the cells in proliferating medium and centrifuge for 5 min (200 × g, 4 167 

°C). 168 

 169 

2.7. Discard the supernatant and resuspend the cells with 5 mL of proliferating medium. 170 

 171 

2.8. Count the cells and dilute in order to plate 2.5 × 104 cells/cm2. 172 

 173 

2.9. At this stage, amplify the cells by repeating steps 2.5-2.8 in order to reach an 174 

appropriate number of cells to start experiments, or cryopreserve as in step 2.10.  175 

 176 

2.10. To cryopreserve HepaRG cells, detach the cells 24 h after plating by 3-5 min incubation 177 

with trypsin solution 0.05%. Collect the cells in proliferating medium and centrifuge for 5 min 178 

(200 × g, 4 °C). Discard the supernatant, resuspend the cells in 1 mL/batch of freezing medium, 179 

1.5 × 106 cells/batch and cryopreserve the batches in liquid nitrogen.  180 

 181 

3. Differentiation of HepaRG cells (Day 0–21) (Figure 1A) 182 

 183 

3.1. Day 0. Seed HepaRG cells at low density (2.5 × 104 cells/cm2) into culture treated dishes 184 

with appropriate volume of proliferation medium (Figure 1B). Two dishes need to be plated 185 

for each assay (Oil Red O staining, FACS analysis, qPCR): one for control cells and one for 186 

oleate-treated cells. If performing CARS measurements (step 8), seed the cells in parallel into 187 

transparent glass-bottomed dishes. As a control, harvest one untreated dish (proliferating 188 
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cells Day 0) to perform gene expression analysis of differentiation marker genes (see step 189 

3.6).  190 

 191 

3.2. Day 2 and Day 4. Change the medium with appropriate volume of proliferation 192 

medium and let the cells grow until confluence.  193 

 194 

3.3. Day 7. Cells must be 100% confluent (Figure 1C). Wash the cells once with 1x 195 

phosphate-buffered saline (PBS). Remove 1x PBS and add an appropriate volume of 196 

differentiation medium. 197 

 198 

3.4. Day 8, 9, 12, 15, 18.  Wash the cells once with 1x PBS. Remove 1x PBS and add an 199 

appropriate volume of differentiation medium. 200 

 201 

3.5. Day 21. Observe HepaRG cells under a microscope and ensure that the cells are 202 

confluent differentiated cultures (Figure 1D).  203 

 204 

3.6. As a control, harvest one control dish (differentiated cells Day 21) to perform gene 205 

expression analysis (step 7) of differentiation marker genes (Figure 1E). 206 

 207 

3.7. At Day 21, cryopreserve HepaRG cells in liquid-nitrogen.    208 

 209 

4. Induction of vesicular steatosis (Day 21–26) 210 

 211 

4.1. Day 21. Dilute sodium oleate (100 mM) with an appropriate volume of complete 212 

differentiation medium to a final concentration of 250 μM (1:400). Add 99% methanol 1:400 213 

(same volume as that of sodium oleate) into another aliquot of differentiation medium to 214 

make the vehicle-control treatment. (For instance: add 25 μL of sodium oleate to 10 mL of 215 

medium and in parallel add 25 μL of 99% methanol to 10 mL of medium). Wash the cells once 216 

with 1x PBS and add vehicle or sodium oleate medium.  217 

 218 

4.2. Day 23 and Day 25. Change the medium with appropriate volume of freshly prepared 219 

medium as in step 4.1.  220 

 221 

4.3. Day 26. Observe by optical microscope that lipid droplets accumulate in the sodium 222 

oleate-treated cells and are easily visible as translucent droplets in the cytoplasm as in Figure 223 

2A.  224 

 225 

5. Evaluation of lipid overloading and steatosis induction: Oil Red O staining 226 

 227 

5.1. Wash he cells once with 1x PBS and remove 1x PBS completely. 228 

 229 

5.2. Add 4% paraformaldehyde (diluted in 1x PBS) and incubate for 15 min at RT.  230 

 231 

CAUTION: Paraformaldehyde is toxic, so this step must be performed in a fume hood, with 232 

protective equipment, including gloves, a lab coat, and a mask.  233 

 234 

5.3. Remove paraformaldehyde and wash the cells twice with 1x PBS. Cells can be kept in 235 
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1x PBS at 4 °C for a couple of days before staining. Wrap with parafilm and cover with 236 

aluminum foil to prevent the cells from drying. 237 

 238 

5.4. Remove 1x PBS. Incubate the cells with 60% isopropanol for 5 min at RT. 239 

 240 

5.5. Remove isopropanol and let the cells dry completely at RT.  241 

 242 

5.6. Add Oil Red O working solution and incubate at RT for 30 min. The volume of working 243 

solution required for each sample corresponds to the volume of media used for culturing the 244 

cells. 245 

 246 

5.7. Remove Oil Red O solution and immediately add ddH2O. Wash the cells 4 times with 247 

ddH2O. 248 

 249 

5.8. Acquire images under the microscope for analysis (Figure 2B). 250 

 251 

5.9. To elute Oil Red O dye: remove all the water and allow to dry; add 1 mL of 100% 252 

isopropanol and incubate for 10 min with gentle shaking at RT. 253 

 254 

5.10. Pipet the isopropanol with eluted Oil Red O dye up and down several times, ensuring 255 

that all the Oil Red O is in the solution. Transfer the solution to a cuvette. Measure OD at 500 256 

nm by spectrophotometry and use 100% isopropanol as blank (Figure 2C). 257 

 258 

6. Evaluation of lipid overloading and steatosis induction: Bodipy staining and 259 

cytofluorimetric analysis   260 

 261 

6.1. Wash the cells once with 1x PBS. Incubate with 100 nM of Bodipy diluted in 1x PBS in 262 

the dark for 40 min at 37 °C. An unstained control should be included in the flow cytometry 263 

measurements. From this point, protect the samples from light as much as possible. 264 

 265 

NOTE: The volume of staining solution required for each sample corresponds to the volume 266 

of media used for culturing cells. 267 

 268 

6.2. Remove staining solution and wash the cells once with 1x PBS. Proceed to steps 6.3–269 

6.6. for FACS (Fluorescence-activated cell sorting) analysis or to step 6.7 for microscope 270 

imaging. 271 

 272 

6.3. Gently scrape the cells with 1x PBS and transfer it into a 15-mL tube. Centrifuge for 10 273 

min (200 × g, 4 °C).  274 

 275 

6.4. Gently remove the supernatants without disturbing the pellets and wash with 3 mL of 276 

1x PBS. Centrifuge for 5 min (200 × g, 4 °C).  277 

 278 

6.5. Remove the supernatants and resuspend in 300 μL of 1x PBS, then transfer into a FACS 279 

tube.  280 

 281 

6.6. Immediately measure Bodipy fluorescence intensity by cytofluorimetric analysis with 282 
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excitation/emission wavelengths of 505/515 nm (Figure 3A,B). 283 

 284 

6.7. Wash the cells once with 1x PBS and remove PBS completely. 285 

 286 

6.8. Add 4% paraformaldehyde (diluted in 1x PBS) and incubate for 15 min at RT. 287 

 288 

CAUTION: Paraformaldehyde is toxic, so this step must be performed in a fume hood, with 289 

protective equipment, including gloves, a lab coat, and a mask. 290 

 291 

6.9. Remove paraformaldehyde and wash the samples 3× for 5 min in PBS. Cells can be 292 

kept in 1x PBS at 4 °C or imaged immediately (Figure 3C). For storage, wrap with parafilm and 293 

cover with aluminum foil to prevent the cells from drying. 294 

 295 

7. Evaluation of lipid overloading and steatosis induction: qPCR 296 

 297 

7.1. Wash the cells once with 1x PBS. Scrape the cells with 1x PBS, centrifuge at 200 × g, 298 

and discard the supernatant. At this step, cells can be harvested at -80 °C or processed as in 299 

step 7.2. 300 

 301 

7.2. Perform total RNA isolation by standard methods using commercial reagents following 302 

manufacturer’s instructions.  303 

 304 

7.3. Assess RNA concentration by UV spectrophotometric measurement, ensuring that the 305 

RNA purity is high (close to 2.0) based on the A260/A280 reading. 306 

 307 

7.4. Synthesize cDNA from 1 μg of total RNA with a standard cDNA synthesis kit. 308 

 309 

7.5. Dilute cDNA to a final 50 μL volume with H2O.  310 

 311 

7.6. Analyze each cDNA sample in triplicate by qPCR: prepare one qPCR master mix (Table 312 

1) that is sufficient for the needed reactions for each primer, including primers specific for the 313 

three housekeeping genes as controls: gliceraldeide-3-fosfato deidrogenasi (GAPDH), actinB 314 

and ribosomal 18S (see Table of Materials for primer sequences): 315 

 316 

7.7. Dispense 18 μL of master mix per well in a PCR multiwall plate. 317 

 318 

7.8. Add 2 μL of cDNA sample in each well. Seal the plate. 319 

 320 

7.9. Run the samples according to the Thermal Cycler instruction. 321 

 322 

8. Evaluation of lipid overloading and steatosis induction: CARS 323 

 324 

8.1. Fix the cells previously prepared on glass-bottomed dishes, as described in steps 5.1–325 

5.3. 326 

 327 

8.2. Switch on a commercial tunable picosecond pulsed laser system, tuning it to obtain 328 

two outputs of different wavelengths. The frequency difference between the outputs must 329 
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be 2840 cm-1 to generate the intense CARS light signal corresponding to methylene symmetric 330 

stretching; for a fixed-wavelength output at 1064 nm (“Stokes” light), the other wavelength 331 

should be tuned to 817 nm (“pump” light). 332 

 333 

8.3. Ensure the 817-nm output is spatially and temporally overlapped with the 1064-nm 334 

output: use an appropriate dichroic mirror (i.e., with a cut between 817 and 1064 nm) to 335 

spatially combine the beams and use an optical delay line to obtain temporal overlap of the 336 

laser pulses.  337 

 338 

8.4. Ensure the two copropagating beams are both collimated and that their diameters 339 

have similar values that are appropriate for the optical system within the microscope that will 340 

focus them onto the sample; if necessary, separately collimate the beams before the dichroic 341 

mirror that combines them. 342 

 343 

8.5. Switch on a commercial inverted microscope system, which should include an infrared 344 

laser scanning unit and a dual-channel red/green epi detection unit and align the 345 

copropagating laser beams into the scanning unit.  346 

 347 

8.6. Opening the dual-channel epi detection unit, remove the filter cube and replace its 348 

red-wavelength detection filter with a bandpass filter that can select the 2840-cm-1 CARS 349 

signal that is centered at 663 nm for the 817/1064-nm pump/Stokes excitation scheme. A 350 

narrow-bandwidth (20 nm) filter is preferred to avoid the collection of high levels of 351 

fluorescent background signals.  352 

 353 

8.7. Place a dish on the stage of the inverted CARS microscope, and using a 100X oil-354 

immersion objective, shift the vertical position of the objective to focus on the cells. 355 

 356 

8.8. Set up the microscope software to collect high-resolution (1024 × 1024 pixels) images 357 

over a field of view spanning 127 μm × 127 μm.  358 

 359 

8.9. Set the microscope software to continuously acquire and display images of the 127 360 

μm × 127 μm field of view and check the displayed images whilst optimizing the image 361 

collection parameters. Ensure that the laser powers are balanced for rapid image collection 362 

and minimal damage, inserting appropriate neutral-density filters in the beam paths as 363 

necessary, and select a pixel dwell time that allows the collection of images with a good signal-364 

to-noise ratio under the selected laser power conditions.  365 

 366 

8.10. Acquire and save images of several different fields of view within the dish under the 367 

optimized conditions. Optionally, multiphoton fluorescence images, generated by a green-368 

wavelength emission (mostly from two-photon excitation at 817 nm), may be simultaneously 369 

collected via the other epi detector. Repeat steps 8.7–8.10 for each dish. 370 

 371 

8.11. For the CARS image analysis, process images using the FIJI implementation of ImageJ. 372 

Operate the Despeckle function (or a similar denoising tool) on each image before further 373 

analysis to improve signal-to-noise ratios without loss of detail.  374 

 375 

8.12. Use FIJI to select cells manually and then automatically count lipid droplets within 376 
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segmented individual cells to produce statistics on lipid droplet areas and numbers for each 377 

cell and for the entire image dataset for each dish. 378 

 379 

9. MTT cell viability assay 380 

 381 

9.1. Plate differentiated HepaRG cells into a 96-well plate with a density of 1 × 105 382 

cells/well in a final 100 μL volume of differentiation culture medium. 383 

 384 

9.2. 24 h after seeding, treat the cells with 99% methanol (vehicle) and with 100 μM, 250 385 

μM and 500 μM sodium oleate and sodium palmitate diluted in 100 μL of differentiation 386 

culture medium/well in triplicate.  387 

 388 

9.3. Change the medium with 99% methanol and with 100 μM, 250 μM and 500 μM 389 

sodium oleate and sodium palmitate diluted in 100 μL of differentiation culture medium/well 390 

every 24 h. 391 

 392 

9.4. 96 h after methanol/sodium oleate/sodium palmitate treatment, treat the cells with 393 

2 μM doxorubicin diluted in 100 μL of differentiation culture medium/well in triplicate as a 394 

control. 395 

 396 

9.5. 18 h after doxorubucin treatment, change the medium with 100 μL of differentiation 397 

culture medium.  398 

 399 

9.6. Pipet 20 μL of 3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-400 

sulfophenyl)-2H-tetrazolium reagent MTT (Table of Materials) into each well of the 96-well 401 

assay plate containing the cells in 100 μL of differentiation culture medium. Include a 402 

background control by pipetting 20 μL of reagent into a control well without cells in 100 μL of 403 

differentiation culture medium in triplicate.   404 

 405 

9.7. Incubate the plate at 37 °C in a humidified, 5% CO2 atmosphere. 406 

 407 

9.8. After incubating for 30, 60, and 90 min with MTT tetrazolium reagent, record the 408 

absorbance at 490 nm using a 96-well plate reader. Subtract the background absorbance of 409 

the no-cell control wells from the absorbance values for the other samples.  410 

 411 

REPRESENTATIVE RESULTS: 412 

This protocol describes an efficient method to induce and characterize vesicular steatosis in 413 

DMSO-differentiated HepaRG cells by sodium oleate treatment (Figure 1A).  414 

 415 

Differentiation of HepaRG cells.  416 

To efficiently induce differentiation, proliferating cells must be seeded at a low density (2.5 × 417 

104 cells/cm2) in the proliferation medium. When seeded at low density, the cells actively 418 

divide and acquire an elongated undifferentiated morphology (Figure 1B). The cells should be 419 

left to grow in the proliferation medium for 7 days, until 100% confluency is reached (Figure 420 

1C). After exposure to 2% DMSO, cells start to differentiate and to form typical hepatocyte-421 

like colonies surrounded by biliary epithelial-like cells (Figure 1D). Differentiated HepaRG cells 422 

express hepato-specific markers, such as Albumin, Cyp3A4 and Aldolase B. To verify proper 423 
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differentiation, the expression levels of these hepatic marker genes in the differentiated cells 424 

(Day 21) and in the proliferating cells (Day 0) were analyzed by qPCR (Figure 1E). Albumin, 425 

Cyp3A4 and Aldolase B genes should be upregulated in the differentiated HepaRG cells as 426 

compared to the proliferating HepaRG cells, and we observed this trend, confirming the 427 

effectiveness of our differentiation protocol. 428 

 429 

Induction of vesicular steatosis in HepaRG cells by sodium oleate treatment.  430 

Sodium oleate treatment of dHepaRG cells induces fat accumulation, visible under an optical 431 

microscope as lipid droplets in the cytoplasms (Figure 2A). To verify efficient induction of 432 

steatosis, oleate-treated and control HepaRG cells were stained with Oil Red O dye. After 433 

staining, lipid droplets are easily visible as red droplets (Figure 2B) and can be quantified by 434 

spectrophotometric measurement of Oil Red O dye eluted with isopropanol (Figure 2C). 435 

Absorbance of eluted Oil Red O from the cells is directly proportional to cytoplasmic lipid 436 

droplet accumulation.  437 

 438 

Sodium oleate concentration and exposure time were determined by MTT colorimetric cell 439 

viability assay (step 9). Sodium oleate treatment was compared to sodium palmitate 440 

treatment and the apoptotic drug doxorubucin (2 µM) was used as a control (Figure 2D). 441 

Cytoxicity of the compounds was evaluated by MTT, taking advantage of a commercial 442 

compound (Table of Materials), that contains the MTT tetrazolium. The water-soluble yellow 443 

MTT tetrazolium compound is bioreduced by metabolically active cells into a purple water-444 

insoluble formazan product. The formazan product is quantified by its absorbance at 490 nm 445 

and the amount is directly proportional to the number of living cells in culture (Figure 2D). 446 

 447 

Quantification of vesicular steatosis in sodium oleate-treated HepaRG cells 448 

To quantify the increase of cellular lipid content after sodium oleate treatment, we performed 449 

staining with Bodipy dye, a probe that labels lipid droplets. Using cytofluorimetric analysis, it 450 

is possible to quantify the triglyceride content by Bodipy mean fluorescent intensity, which is 451 

higher in oleate-treated cells as compared to control cells (Figure 3A,B), indicating efficient 452 

fat accumulation after oleate treatment. Indeed, images of Bodipy-stained cells show bright 453 

green fluorescent lipid droplets in oleate-treated cells that are not visible in the control cells 454 

(Figure 3C).  455 

 456 

Sodium oleate treatment of dHepaRG cells deregulates lipid metabolism and inflammatory 457 

gene expression. To evaluate efficient induction of vesicular steatosis, we analyzed by qPCR 458 

the expression levels of selected genes in sodium oleate-treated cells as compared to those 459 

of control cells (Figure 4). Acetyl-CoA carboxylase beta (ACACB), glycerol-3-phosphate 460 

acyltransferase mitochondrial (GPAM), perilipins (PLIN2, PLIN4), apolipoprotein B (APOB), 461 

pyruvate dehydrogenase kinase isozyme 4 (PDK4), carnitine palmitoyltransferase 1A (CPT1A) 462 

and interleukin 6 (IL6) were upregulated in oleate-treated dHepaRG cells, whereas solute 463 

carrier family 2 member 1 (SLC2A1), apolipoprotein C-III (APOC3), and stearoyl-CoA 464 

desaturase (SCD) were downregulated (Figure 4). To further characterize and quantify lipid 465 

storage in droplets upon addition of sodium oleate to differentiated HepaRG cells, we utilized 466 

an innovative microscopy technique, coherent anti-Stokes Raman scattering (CARS) 467 

microscopy, which enables visualization and quantification of lipid droplets without labeling 468 

(Figure 5A). Lipid droplets were statistically quantified in terms of numbers, distribution and 469 

morphology at the single-cell level using CARS images. Treatment with sodium oleate (250 470 
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μM) induced a significant increase in the number of lipid droplets (Figure 5B), which led to a 471 

higher total droplet area per cell (Figure 5C) and a higher percentage droplet area per cell 472 

(Figure 5D), as compared to control cells, indicating that dHepaRG cells efficiently 473 

accumulated fat after sodium oleate treatment. 474 

 475 

FIGURE LEGENDS 476 

Figure 1. Differentiation of HepaRG cells. (A) Representative diagram showing HepaRG cell 477 

differentiation/treatment protocol as described in steps 3 and 4. (B-D) Images showing 478 

unstained proliferating HepaRG cells at Day 0 after seeding (B), at confluence Day 7 after 479 

seeding (C), and differentiated HepaRG (dHepaRG) at Day 21 after seeding (D). (E) Total RNA 480 

was extracted from proliferating and dHepaRG cells, cDNA was synthesized and analyzed by 481 

qPCR using primers specific for the indicated genes (Table of Materials). Samples were 482 

normalized to the mean of GAPDH, actinB and ribosomal 18S housekeeping genes. 483 

Histograms show fold induction of proliferating (Day 0) versus differentiated cells (Day 21) 484 

(bars indicate S.D.; p-values were computed by Student’s t-tests). 485 

 486 

Figure 2. Sodium oleate treatment of dHepaRG cells induced lipid droplet accumulation. (A) 487 

Images of unstained differentiated HepaRG (dHepaRG) cells treated for 5 days with vehicle 488 

(control) (left image) or with 250-μM sodium oleate (right image). (B) After treatment, the 489 

cells were stained with Oil Red O dye; lipid droplets are visible in red. (C) Oil Red O dye was 490 

eluted and OD was measured at 570 nm. Results are expressed as means of three 491 

independent experiments (bars indicate S.D.; p-value by Student’s t-test). (D) Cell viability 492 

evaluation of dHepaRG cells vehicle (99% methanol) treated (Ctrl) or treated for 5 days with 493 

sodium oleate and sodium palmitate (100 μM, 250 μM, or 500 μM), or treated 18 h with 494 

doxorubucin (2 μM).  Assessment of cytotoxicity was performed using an MTT assay kit (Table 495 

of Materials), recording absorbance at 490 nm, according to the manufacturer’s instruction. 496 

Results are expressed as means of three independent experiments (bars indicate S.D.; p-497 

values were determined using Student’s t-test: *0.01 ≤ p < 0.05; **0.001 ≤ p < 0.01; ***p < 498 

0.001). 499 

 500 

Figure 3. Quantification of fat accumulation after sodium oleate treatment by Bodipy 501 

staining. Differentiated HepaRG (dHepaRG) cells were treated with vehicle (control) or with 502 

250-μM sodium oleate for 5 days. After treatment, dHepaRG cells were stained with Bodipy 503 

dye and analyzed by flow cytometry. (A) Representative overlay profiles (% of max: 504 

percentage of maximum staining intensity). (B) Histograms show mean fluorescence intensity 505 

(MFI) as a percentage of treated cells over control from three independent experiments (bars 506 

indicate S.D.; p-values were determined using Student’s t-test: *0.01 ≤ p < 0.05; **0.001 ≤ p 507 

< 0.01; ***p < 0.001). (C) Cells were fixed with 4% paraformaldehyde. Images show Bodipy-508 

stained lipid droplets in green. 509 

 510 

Figure 4. Sodium oleate treatment of dHepaRG cells induces deregulation of lipid 511 

metabolism and inflammatory gene expression. Differentiated HepaRG (dHepaRG) cells 512 

were treated with vehicle (control) or with 250-μM sodium oleate for 5 days. cDNAs were 513 

analyzed by qPCR with primers specific for the indicated genes and results were normalized 514 

to the mean of GAPDH, actinB and ribosomal 18S housekeeping genes; the primers are given 515 

in the Table of Materials. The histogram shows expression levels of indicated genes as fold 516 
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inductions of treated cells over control (bars indicate S.D.; p-values were computed by 517 

Student’s t-test). 518 

 519 

Figure 5. Characterization of lipid droplet accumulation after sodium oleate treatment by 520 

CARS microscopy. Differentiated HepaRG (dHepaRG) cells were treated with vehicle (control) 521 

or with 250-μM sodium oleate for 5 days and were analyzed by CARS microscopy. (A) 522 

Representative images showing lipid droplet CARS contrast in red. (B) Histogram showing the 523 

numbers of lipid droplets per cell. (C) Histograms showing total image area covered by 524 

droplets per cell. (D) Histogram showing % droplet area covered by droplets per cell. All 525 

results are expressed as means of three independent experiments (bars indicate S.E.; p-values 526 

were determined by Student’s t-test: *0.01 ≤ p < 0.05; **0.001 ≤ p < 0.01; ***p < 0.001).  527 

 528 

Table 1. qPCR master mix. 529 

 530 

DISCUSSION  531 

This protocol describes how to differentiate HepaRG cells and how to induce vesicular 532 

steatosis by sodium oleate treatment (Figure 1A). Indeed, compared to other human 533 

hepatocellular carcinoma (HCC) cell lines, the HepaRG cell line exhibits features of adult 534 

human hepatocytes, representing a valuable alternative to ex vivo cultivated primary human 535 

hepatocytes13-15. The HepaRG cell line has been widely used for liver cytotoxicity studies, drug 536 

metabolism, and virology studies15,16,22. 537 

 538 

In comparison with HepaRG cells, other HCC cell lines such as HepG2, HUH7, HUH6 and Hep3B 539 

display lower metabolic capacities, lacking a substantial set of liver‐specific functions23,24, and 540 

exhibiting a higher basal level of cytosolic fat accumulation stored in lipid droplets. Thus, 541 

these HCC cell lines are less useful as models for the induction of vesicular steatosis after lipid 542 

overloading than the HepaRG cell line.  543 

 544 

Critical steps within the protocol 545 

When seeded at low density (2.5 × 104 cells/cm2), HepaRG cells acquire an elongated 546 

undifferentiated morphology, actively dividing; after having reached 100% confluency, they 547 

are capable of differentiating upon exposure to 2% DMSO and they form typical hepatocyte-548 

like colonies surrounded by biliary epithelial-like cells (Figure 1D). This mixed 549 

biliary/hepatocyte cell culture recapitulates features of liver tissue, resembling a physiological 550 

condition, despite lacking other liver cell types (sinusoidal or Kupffer). 551 

 552 

A critical step in the differentiation process is the confluency of cells. The cells must be seeded 553 

at low density (2.5 × 104 cells/cm2) (Figure 1B) and allowed to actively grow in the proliferation 554 

medium for at least 1 week (Day 0–7). At Day 7, before adding 2% DMSO to start the 555 

differentiation process, the cells must be at 100% confluence (Figure 1C). If at Day 7 (step 2.2) 556 

complete confluency has not been reached, it is highly recommended that the cells are 557 

allowed to continue growing in the proliferation medium for some additional days, until 100% 558 

confluence is achieved.  559 

 560 

Limitations of the protocol  561 

It has been observed that after adding differentiation medium, some cells suffer, and typically 562 

10% of cells die during the subsequent 2–3 days. At this stage, daily washing and medium 563 
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changing (step 2.4) must be continued to discard floating dead cells. The usage of a specific 564 

FBS (Table of Materials) to supplement both the differentiation and proliferation media, 565 

should increase differentiation efficiency and lower cell death during Days 7–21 (step 2.4). It 566 

is highly recommended to maintain cells up to passage 20, and to choose lower passages (<20) 567 

for differentiating cells: less cells death occurs for the youngest HepaRG cells. Moreover, 568 

HepaRG differentiation seems to be more efficacious in 35-mm and 60-mm dishes, whereas 569 

cells tend to suffer more when seeded in the 100-mm and 150-mm dishes.  570 

 571 

Modifications and troubleshooting  572 

Exposure to different ratios of both palmitic and oleic fatty acids has been shown to result in 573 

the formation of intracytoplasmatic lipid droplets25,26. However, we observed that sodium 574 

oleate treatment of differentiated HepaRG cells exhibited better results than palmitic acid 575 

exposure, in terms of efficient induction of lipid accumulation and  cell viability (Figure 2D). 576 

Indeed, palmitic acid treatment proved to be toxic for differentiated HepaRG cells (Figure 2D), 577 

in agreement with literature data on hepatoma cell lines and on human and rat hepatocyte 578 

primary cultures that describe palmitic acid as a considerably cytotoxic agent25-29. Moreover,  579 

the utilization of palmitate in cell-based assays is challenging due to its low solubility. 580 

Nevertheless, due to the intrinsic variability of cell lines, it is recommended to verify the 581 

sodium oleate working concentration and treatment time length, testing different 582 

concentrations in a time-course experiment with a cell viability assay.    583 

 584 

Significance and comparison of lipid detection techniques  585 

Accurate determination of lipid amounts in cells was established via a number of different 586 

approaches in this study. Qualitative and also approximately quantitative agreement was 587 

observed between the results obtained via Oil Red O staining, Bodipy staining, and CARS 588 

imaging. For a rapid estimation of lipid quantities in cell populations, the use of Bodipy-flow 589 

cytometry or a stain such as Oil Red O is ideal. For a more detailed examination of the lipid 590 

droplet content of cells, an imaging modality is preferred. Furthermore, specificity problems 591 

have been reported for lipid stains such as Oil Red O20,30, and we have observed that in some 592 

cases, the Bodipy stain has a lower capacity than CARS to exclusively label lipid droplets 593 

among other cell organelles (data not shown). Therefore, the use of a label-free microscopic 594 

imaging technique such as CARS provides significant advantages for steatosis quantification 595 

and characterization. The avoidance of the use of a large fluorescent label makes CARS 596 

imaging favorable due to the small size of lipid molecules compared to typical fluorophores; 597 

hence, for the detection of lipids, label-free methods are desirable, even more so than for 598 

observing large protein molecules. The lipid CARS signal is an optical emission that is 599 

generated only when a nonlinear interaction occurs in the sample. This interaction can only 600 

be detected when the difference between the frequencies of the two excitation lasers 601 

focused onto the sample matches the methylene (CH2) stretching vibrational frequency. The 602 

abundance of methylene groups in lipids results in a very intense signals with high signal-to-603 

noise ratios, and the nonlinearity of the optical interaction also means that high spatial 604 

resolution is possible in CARS microscopy. The excellent quality of CARS images in general 605 

allows the collection of statistics on the sizes and numbers of lipid droplets, as demonstrated 606 

in this study. In addition, other studies have demonstrated the use of CARS microscopy to 607 

correlate different subcellular localizations and sizes of lipid droplets with different 608 

treatments18, and by using  supplementary CARS measurements at different wavelengths, or 609 

a broadband CARS or similar stimulated Raman approach, researchers have shown that it is 610 
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possible to characterize different types of fatty acids within lipid droplets31,32. Furthermore, 611 

the rapidity of CARS image collection has enabled in-situ imaging of live cells to examine the 612 

temporal evolution of lipid droplet growth and aggregation33. 613 

 614 

Future applications  615 

In recent decades, views on the roles and functions of lipid droplets in cell biology have 616 

evolved. Previously thought to be basically inert storage vesicles, they are now understood to 617 

be highly dynamic cellular organelles, and their role in disease is increasingly being 618 

recognized34-36. Although in the case of liver disease, lipid accumulation (steatosis) has long 619 

been known to be a critical aspect, the precise mechanism of the involvement of lipid droplets 620 

in disease progression is not completely clear. Therefore, methods such as CARS that can 621 

characterize the dynamic behavior of lipid droplets are of critical importance to the 622 

development of a molecular understanding of diseases including NAFLD. Metabolic gene 623 

expression analysis by qPCR is highly complementary to molecular imaging of lipids via CARS, 624 

as demonstrated in previous studies17,18, allowing deeper insights into disease mechanisms. 625 

In the present study, we observe fatty acid accumulation with deregulation of lipid 626 

metabolism and inflammatory gene expression, which may contribute to the construction of 627 

a panel of bio-markers for early disease diagnosis.  628 

 629 

The sodium oleate-treated dHepaRG cell-based model may increase knowledge of the 630 

molecular mechanisms involved not only in the onset but also in the progression of NAFLD, 631 

providing a basis for the development of better therapeutic approaches to the disease. 632 
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Reagents
Volume (μL) for a single

reaction

2×SYBR Green fluorescent dye 10

PCR grade H2O 6

Forward primer (μM) 1

Reverse primer (μM) 1
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Name of Reagent/ Equipment Company Catalog Number

Hyclone HyClone Fetal Clone II GE Healthcare SH30066

William’s E medium with GlutaMAX Thermofisher 32551087

Penicillin/streptomycin SIGMA P4333

Insulin SIGMA I9278

hydrocortisone hemisuccinate SIGMA H2270

DMSO, dimethyl sulfoxide SIGMA D2438   

Sodium Oleate SIGMA O7501 

Methanol SIGMA 179337

Isopropanol SIGMA 278475

BODIPY 505/515 Thermofisher D3921

PBS Thermofisher 14190-250

Formaldehyde solution SIGMA 252549

RNAse free DNAseI Promega M198A 

Glass-bottomed dishes Willco Wells GWST-5040

Oil Red solution SIGMA O625

CellTiter 96 AQueous One Solution Promega G3582

q-PCR oligo name Sequence

ACACB FOR CAAGCCGATCACCAAGAGTAAA
ACACB REV CCCTGAGTTATCAGAGGCTGG

b-actin FOR GCACTCTTCCAGCCTTCCT

b-actin REV AGGTCTTTGCGGATGTCCAC

ALBUMIN FOR TGCTTGAATGTGCTGATGACAGG

ALBUMIN REV AAGGCAAGTCAGCAGGCATCTCATC

ALDOB FOR GCATCTGTCAGCAGAATGGA 

ALDOB REV TAGACAGCAGCCAGGACCTT

APOB FOR CCTCCGTTTTGGTGGTAGAG

APOB REV  CCTAAAAGCTGGGAAGCTGA

APOC3 FOR CTCAGCTTCATGCAGGGTTA

APOC3 REV GGTGCTCCAGTAGTCTTTCAG
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CPT1A FOR TCATCAAGAAATGTCGCACG

CPT1A REV GCCTCGTATGTGAGGCAAAA

CYP2E1 FOR TTGAAGCCTCTCGTTGACCC

CYP2E1 REV CGTGGTGGGATACAGCCAA

CYP3A4 FOR CTTCATCCAATGGACTGCATAAAT

CYP3A4 REV TCCCAAGTATAACACTCTACACAGACAA

GAPDH FOR TGACAACTTTGGTATCGTGGAAGG

GAPDH REV AGGGATGATGTTCTGGAGAGCC

GPAM FOR TCTTTGGGTTTGCGGAATGTT

GPAM REV ATGCACATCTCGCTCTTGAATAA

IL6 FOR CCTGAACCTTCCAAAGATGGC

IL6 REV ACCTCAAACTCCAAAAGACCAGTG

PDK4 FOR ACAGACAGGAAACCCAAGCCAC

PDK4 REV TGGAGGTGAGAAGGAACATACACG

PLIN2 FOR TTGCAGTTGCCAATACCTATGC

PLIN2 REV CCAGTCACAGTAGTCGTCACA

PLIN4 FOR AATGAGTTGGAGGGGCTGGGGGACATC

PLIN4 REV GGTCACCTAAACGAACGAAGTAGC

SCD FOR TCTAGCTCCTATACCACCACCA

SCD REV TCGTCTCCAACTTATCTCCTCC

SLC2A1 FOR TGCTCATCAACCGCAACGAG

SLC2A1 REV CCGACTCTCTTCCTTCATCTCCTG

18S FOR CGCCGCTAGAGGTGAAATTC

18S REV TTGGCAAATGCTTTCGCTC
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Rebuttal	
  letter	
  	
  
Manuscript:	
  JoVE59843	
  	
  
Title:	
  "Induction	
  and	
  evaluation	
  of	
  vesicular	
  hepatic	
  steatosis	
  in	
  liver	
  DMSO-­‐differentiated	
  HepaRG	
  
cells"	
  	
  
	
  
Editorial	
  comments:	
  
	
  
1.	
  Please	
  take	
  this	
  opportunity	
  to	
  thoroughly	
  proofread	
  the	
  manuscript	
  to	
  ensure	
  that	
  there	
  are	
  no	
  
spelling	
  or	
  grammar	
  issues.	
  
-­‐	
  We	
  proofread	
  the	
  manuscript	
  and	
  have	
  corrected	
  the	
  grammar	
  and	
  spelling.	
  
	
  
2.	
  Please	
  obtain	
  explicit	
  copyright	
  permission	
  to	
  reuse	
  any	
  figures	
  from	
  a	
  previous	
  publication.	
  
Explicit	
  permission	
  can	
  be	
  expressed	
  in	
  the	
  form	
  of	
  a	
  letter	
  from	
  the	
  editor	
  or	
  a	
  link	
  to	
  the	
  editorial	
  
policy	
  that	
  allows	
  re-­‐prints.	
  Please	
  upload	
  this	
  information	
  as	
  a	
  .doc	
  or	
  .docx	
  file	
  to	
  your	
  Editorial	
  
Manager	
  account.	
  The	
  Figure	
  must	
  be	
  cited	
  appropriately	
  in	
  the	
  Figure	
  Legend,	
  i.e.	
  “This	
  figure	
  has	
  
been	
  modified	
  from	
  [citation].”	
  
-­‐	
  None	
  of	
  the	
  figures	
  presented	
  in	
  this	
  paper	
  have	
  been	
  included	
  in	
  any	
  previous	
  publications.	
  In	
  
this	
  paper,	
  we	
  show	
  new	
  and	
  unpublished	
  data	
  and	
  images	
  from	
  experiments	
  performed	
  as	
  in	
  
other	
  papers.	
  
	
  
3.	
  Unfortunately,	
  there	
  are	
  a	
  few	
  sections	
  of	
  the	
  manuscript	
  that	
  show	
  significant	
  overlap	
  with	
  
previously	
  published	
  work.	
  Though	
  there	
  may	
  be	
  a	
  limited	
  number	
  of	
  ways	
  to	
  describe	
  a	
  technique,	
  
please	
  use	
  original	
  language	
  throughout	
  the	
  manuscript.	
  Please	
  revise	
  lines	
  73-­‐76,	
  78-­‐88.	
  
-­‐	
  We	
  have	
  changed	
  sentences	
  in	
  lines	
  73–76	
  and	
  78–88.	
  
	
  
4.	
  For	
  in-­‐text	
  referencing,	
  please	
  superscript	
  the	
  reference	
  number	
  and	
  remove	
  the	
  (	
  )	
  before	
  and	
  
after	
  the	
  reference	
  number.	
  
5.	
  Please	
  use	
  12	
  pt	
  font	
  and	
  single-­‐spaced	
  text	
  throughout	
  the	
  manuscript.	
  
6.	
  Please	
  add	
  a	
  one-­‐line	
  space	
  between	
  each	
  of	
  your	
  protocol	
  steps.	
  
7.	
  Please	
  define	
  all	
  abbreviations	
  before	
  use,	
  e.g.,	
  DMSO,	
  PBS,	
  etc.	
  
8.	
  Step	
  3.3:	
  Please	
  write	
  this	
  step	
  in	
  the	
  imperative	
  tense.	
  
-­‐	
  We	
  have	
  formatted	
  the	
  manuscript	
  and	
  inserted	
  all	
  the	
  corrections	
  requested	
  in	
  points	
  4–8.	
  
	
  
9.	
  There	
  is	
  a	
  2.75	
  page	
  limit	
  for	
  filmable	
  content.	
  Please	
  highlight	
  2.75	
  pages	
  or	
  less	
  of	
  the	
  Protocol	
  
steps	
  (including	
  headings	
  and	
  spacing)	
  in	
  yellow	
  that	
  identifies	
  the	
  essential	
  steps	
  of	
  the	
  protocol	
  
for	
  the	
  video,	
  i.e.,	
  the	
  steps	
  that	
  should	
  be	
  visualized	
  to	
  tell	
  the	
  most	
  cohesive	
  story	
  of	
  the	
  Protocol.	
  
-­‐	
  We	
  have	
  highlighted	
  the	
  filmable	
  steps	
  of	
  the	
  protocol.	
  
	
  
10.	
  Please	
  ensure	
  that	
  the	
  references	
  appear	
  as	
  the	
  following:	
  
Lastname,	
  F.I.,	
  LastName,	
  F.I.,	
  LastName,	
  F.I.	
  Article	
  Title.	
  Source.	
  Volume	
  (Issue),	
  FirstPage	
  –	
  
LastPage,	
  (YEAR).	
  
For	
  more	
  than	
  6	
  authors,	
  list	
  only	
  the	
  first	
  author	
  then	
  et	
  al.	
  
11.	
  Please	
  do	
  not	
  abbreviate	
  journal	
  titles	
  for	
  references.	
  
-­‐	
  We	
  have	
  now	
  formatted	
  the	
  references	
  as	
  requested	
  in	
  points	
  10	
  and	
  11.	
  
	
  
12.	
  Please	
  upload	
  each	
  Figure	
  individually	
  to	
  your	
  Editorial	
  Manager	
  account	
  as	
  a	
  .png	
  or	
  a	
  .tiff	
  file.	
  
-­‐	
  We	
  have	
  uploaded	
  the	
  figures	
  individually	
  as	
  TIFF	
  files.	
  

Rebuttal Letter Click here to access/download;Rebuttal Letter;Rebuttal letter
JoVE59843.pdf

https://www.editorialmanager.com/jove/download.aspx?id=1032277&guid=ef629f0a-4abb-427a-9ea2-6a5b915f36fb&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1032277&guid=ef629f0a-4abb-427a-9ea2-6a5b915f36fb&scheme=1


	
  
13.	
  Please	
  revise	
  the	
  Discussion	
  to	
  explicitly	
  cover	
  the	
  following	
  in	
  detail	
  in	
  3-­‐6	
  paragraphs	
  with	
  
citations:	
  
a)	
  Critical	
  steps	
  within	
  the	
  protocol	
  
b)	
  Any	
  modifications	
  and	
  troubleshooting	
  of	
  the	
  technique.	
  Passaggi	
  giovani	
  
c)	
  Any	
  limitations	
  of	
  the	
  technique	
  
d)	
  The	
  significance	
  with	
  respect	
  to	
  existing	
  methods	
  
e)	
  Any	
  future	
  applications	
  of	
  the	
  technique.	
  Live	
  imaging	
  cars/drug	
  
-­‐	
  The	
  Discussion	
  has	
  been	
  revised	
  and	
  divided	
  into	
  paragraphs.	
  
	
  
Reviewers'	
  comments:	
  
	
  
Reviewer	
  #1:	
  	
  
Manuscript	
  Summary:	
  
Cocco	
  et	
  al.	
  describe	
  an	
  in	
  vitro	
  protocol	
  for	
  hepatocyte	
  cytoplasmic	
  vacuolation	
  in	
  differentiated	
  
HepaRG	
  cells	
  as	
  a	
  model	
  for	
  liver	
  macrosteatosis	
  acquired	
  in	
  fatty	
  liver	
  diseases.	
  
-­‐Abstract	
  and	
  Introduction:	
  
Authors	
  present	
  a	
  manuscript	
  with	
  a	
  clear	
  and	
  concise	
  introduction	
  of	
  the	
  proposed	
  
methodology/protocol	
  and	
  how	
  it	
  may	
  help	
  to	
  improve	
  current	
  caveats.	
  In	
  particular,	
  they	
  
introduce	
  the	
  current	
  lack	
  of	
  approved	
  treatments	
  for	
  fatty	
  liver	
  disease	
  (including	
  NAFLD,	
  NASH,	
  
and	
  their	
  eventual	
  progression)	
  and	
  comment	
  on	
  the	
  failure	
  of	
  the	
  plethora	
  of	
  current	
  research	
  
models	
  to	
  fulfill	
  human	
  disease	
  as	
  one	
  of	
  the	
  multiple	
  possible	
  causes	
  of	
  poor	
  translation	
  into	
  the	
  
Clinic.	
  Further,	
  differentiated	
  HepaRG	
  cells	
  and	
  the	
  described	
  protocol	
  are	
  introduced	
  and	
  reasoned	
  
how	
  in	
  vitro	
  models	
  may	
  pose	
  a	
  fundamental	
  role	
  in	
  elucidating	
  the	
  molecular	
  mechanisms	
  and	
  
become	
  valuable	
  tools	
  for	
  screening	
  of	
  new	
  compounds.	
  However,	
  there	
  are	
  some	
  potential	
  points	
  
to	
  improve	
  the	
  manuscript	
  by	
  consolidating	
  introduction	
  and	
  discussion.	
  For	
  instance,	
  some	
  
sentences	
  are	
  repeated	
  in	
  both	
  sections.	
  Additionally,	
  in	
  some	
  cases	
  concepts	
  are	
  partially	
  
introduced	
  and	
  resumed	
  in	
  the	
  next	
  section	
  as	
  at	
  the	
  end	
  of	
  introduction	
  in	
  page	
  4	
  where	
  authors	
  
comment	
  on	
  deregulated	
  genes	
  in	
  dHepaRG	
  which	
  may	
  be	
  easily	
  quantified	
  by	
  PCR	
  -­‐without	
  even	
  
using	
  a	
  cite-­‐,	
  just	
  to	
  find	
  additional	
  comments	
  in	
  "Results"	
  section,	
  page	
  8,	
  and	
  in	
  "Discussion"	
  
section,	
  page	
  12.	
  Reading	
  would	
  be	
  clearer	
  whether	
  the	
  authors	
  try	
  to	
  consolidate	
  as	
  much	
  as	
  
possible.	
  
-­‐	
  We	
  thank	
  the	
  reviewer	
  for	
  his/her	
  comments	
  and	
  we	
  have	
  tried	
  to	
  improve	
  and	
  consolidate	
  the	
  
Introduction	
  and	
  Discussion	
  following	
  the	
  reviewer’s	
  suggestions.	
  	
  
	
  
-­‐Protocol	
  section.	
  
Proposed	
  protocols	
  are	
  clear	
  and	
  well	
  detailed	
  in	
  general.	
  In	
  the	
  case	
  of	
  protocol	
  #6:	
  "Evaluation	
  of	
  
lipid	
  overloading	
  and	
  steatosis	
  induction:	
  qPCR",	
  since	
  author	
  mention	
  any	
  commercial	
  methods,	
  
and	
  hence	
  do	
  not	
  detail	
  the	
  one	
  they	
  follow,	
  step	
  6.4	
  may	
  be	
  considered	
  futile	
  since	
  most	
  of	
  the	
  
commercially	
  available	
  kits	
  already	
  include	
  DNase	
  treatment	
  and	
  isolated	
  RNA	
  would	
  not	
  need	
  to	
  
be	
  treated.	
  As	
  well,	
  there	
  is	
  no	
  need	
  to	
  do	
  special	
  mention	
  to	
  random	
  primers	
  for	
  the	
  same	
  reason	
  
in	
  6.5.	
  I	
  would	
  suggest	
  author	
  use	
  at	
  least	
  another	
  two	
  housekeeping	
  genes	
  as	
  control	
  besides	
  
GAPDH	
  and	
  recalculate	
  their	
  results	
  on	
  gene	
  expression.	
  
In	
  protocol	
  #7,	
  section	
  7.8	
  references	
  to	
  points	
  6.7	
  and	
  6.8	
  must	
  be	
  corrected.	
  
A	
  detailed	
  protocol	
  for	
  MTT	
  colorimetric	
  assay	
  should	
  be	
  included	
  in	
  the	
  manuscript,	
  in	
  protocol	
  
section.	
  Expressions	
  as	
  "small	
  amount	
  of	
  the	
  reagent"	
  in	
  page	
  9	
  should	
  be	
  avoided.	
  
-­‐	
  As	
  rightly	
  suggested	
  by	
  the	
  reviewer,	
  we	
  added	
  another	
  two	
  housekeeping	
  genes,	
  beta-­‐actin	
  and	
  
ribosomal	
  18S	
  genes,	
  as	
  qPCR	
  controls,	
  and	
  we	
  recalculated	
  the	
  gene	
  expression	
  results.	
  We	
  have	
  



also	
  described	
  a	
  detailed	
  protocol	
  for	
  an	
  MTT	
  assay	
  as	
  section	
  9,	
  and	
  we	
  have	
  made	
  modifications	
  
in	
  line	
  with	
  all	
  the	
  other	
  suggested	
  corrections.	
  	
  
	
  
-­‐Results:	
  Author	
  present	
  plausible	
  results,	
  supported	
  for	
  figures	
  in	
  adequate	
  number,	
  size	
  and	
  
quality,	
  with	
  appropriate	
  and	
  descriptive	
  figure	
  legends.	
  As	
  mentioned	
  before,	
  some	
  parts	
  of	
  the	
  
text	
  regarding	
  dHepaRG	
  are	
  more	
  appropriate	
  for	
  an	
  introduction	
  or	
  a	
  discussion.	
  Authors	
  use	
  the	
  
terms	
  optical	
  depth	
  and	
  absorbance	
  as	
  if	
  they	
  were	
  the	
  same,	
  in	
  figure	
  2,	
  page	
  9.	
  
-­‐	
  We	
  have	
  made	
  changes	
  in	
  line	
  with	
  these	
  correctly	
  identified	
  terminology	
  errors,	
  and	
  
furthermore,	
  in	
  Figure	
  2D	
  we	
  have	
  added	
  MTT	
  assay	
  data	
  on	
  oleate	
  vs	
  palmitate	
  cytotoxicity	
  in	
  
HepaRG	
  cells.	
  	
  
	
  
-­‐Discussion.	
  
Discussion	
  briefly	
  deal	
  with	
  the	
  comparison	
  between	
  the	
  chosen	
  dHepaRG	
  cells	
  vs.	
  other	
  cell	
  
types/lines	
  and	
  it	
  seems	
  to	
  be	
  shorter	
  than	
  needed.	
  In	
  a	
  similar	
  way,	
  authors	
  barely	
  comment	
  on	
  
the	
  reasons	
  to	
  choose	
  oleate	
  vs.	
  palmitate,	
  without	
  showing	
  data	
  that,	
  if	
  available,	
  would	
  be	
  of	
  
great	
  interest.	
  Also,	
  author	
  should	
  use	
  this	
  section	
  to	
  further	
  comment	
  of	
  the	
  issue	
  of	
  cell	
  
differentiation,	
  and	
  how	
  they	
  circumvent	
  or	
  tackle	
  the	
  differentiation	
  of	
  biliary-­‐like	
  cells	
  
surrounding	
  the	
  hepatocyte-­‐like	
  cell	
  in	
  order	
  to	
  avoid	
  this	
  potentially	
  cofounding	
  factor,	
  for	
  
instance	
  in	
  the	
  ORO	
  recovery	
  and	
  colorimetric	
  measurement.	
  Additionally,	
  it	
  would	
  be	
  of	
  great	
  
interest	
  whether	
  authors	
  may	
  comment	
  on	
  the	
  three	
  different	
  techniques	
  they	
  use	
  for	
  detecting	
  
and	
  characterizing	
  (namely	
  ORO,	
  Bodipy	
  and	
  CARS),	
  to	
  compare	
  advantages/disadvantages,	
  
potential	
  applicability,	
  limitations,	
  etc.	
  Also,	
  author	
  propose	
  in	
  vitro	
  dHepaRG	
  as	
  a	
  bona	
  fide	
  model	
  
for	
  histopathology	
  -­‐and	
  pathophysiology-­‐	
  of	
  human	
  NAFLD.	
  They	
  should	
  further	
  elaborate	
  to	
  justify	
  
such	
  statement	
  at	
  least	
  regarding	
  histopathology	
  concept	
  since	
  they	
  propose	
  a	
  pure	
  culture	
  
(except	
  for	
  the	
  biliary-­‐like	
  cell	
  although	
  they	
  do	
  not	
  comment	
  on	
  these)	
  with	
  no	
  other	
  liver	
  cell	
  type	
  
of	
  those	
  present	
  in	
  the	
  liver	
  parenchyma,	
  namely	
  sinusoidal	
  or	
  Kupffer,	
  or	
  remove	
  such	
  	
  
assertion.	
  
-­‐	
  We	
  agree	
  with	
  the	
  reviewer	
  that	
  it	
  is	
  far-­‐fetched	
  to	
  assert	
  that	
  an	
  in	
  vitro	
  cell-­‐based	
  model	
  can	
  
recapitulate	
  the	
  histopathology—and	
  pathophysiology—of	
  human	
  NAFLD	
  and	
  we	
  removed	
  that	
  
sentence.	
  In	
  addition,	
  as	
  suggested,	
  we	
  added	
  MTT	
  assay	
  data	
  on	
  oleate	
  vs	
  palmitate	
  cytotoxicity	
  
in	
  HepaRG	
  cells.	
  	
  Moreover,	
  we	
  comment	
  in	
  the	
  Discussion	
  on	
  the	
  significance	
  of	
  the	
  detection	
  
techniques	
  we	
  used,	
  and	
  we	
  have	
  added	
  a	
  detailed	
  comparison	
  of	
  ORO,	
  Bodipy,	
  and	
  CARS	
  
methods.	
  	
  
	
  
Major	
  Concerns:	
  
-­‐Authors	
  should	
  further	
  discuss	
  how	
  to	
  deal	
  with	
  differentiated	
  biliary-­‐like	
  cell,	
  as	
  mentioned	
  in	
  the	
  
summary.	
  
-­‐	
   We	
   commented	
   in	
   the	
   Discussion	
   section	
   that	
   HepaRG	
   mixed	
   biliary/hepatocyte	
   cell	
   culture	
  
recapitulates	
  features	
  of	
  liver	
  tissue,	
  resembling	
  a	
  physiological	
  condition,	
  despite	
  the	
  lack	
  of	
  other	
  
liver	
  cell	
  types	
  (sinusoidal	
  or	
  Kupffer).	
  For	
  this	
  reason,	
  we	
  did	
  not	
  further	
  discuss	
  how	
  to	
  deal	
  with	
  
biliary-­‐like	
  cell.	
  If	
  a	
  pure	
  hepatocyte	
  cell	
  culture	
  is	
  needed,	
  other	
  cell-­‐lines	
  are	
  more	
  appropriate	
  or	
  
the	
   possibility	
   of	
   isolating	
   hepatocytes	
   from	
   differentiated	
   HepaRG	
   cells,	
   by	
   FACS	
   sorting,	
   mild	
  
trypsinization,	
  or	
  centrifugation	
  on	
  an	
  OptiPrep	
  gradient,	
  should	
  be	
  considered.	
  	
  
	
  
-­‐Authors	
  should	
  include	
  a	
  detailed	
  protocol	
  for	
  MTT	
  colorimetry	
  assay,	
  even	
  if	
  brief,	
  since	
  the	
  main	
  
goal	
  of	
  the	
  publication	
  is	
  to	
  present	
  full	
  protocols	
  to	
  the	
  scientific	
  community.	
  
-­‐	
  We	
  included,	
  as	
  rightly	
  suggested,	
  a	
  detailed	
  MTT	
  assay	
  protocol,	
  in	
  section	
  9.	
  
	
  



	
  
Minor	
  Concerns:	
  
-­‐Author	
  should	
  review	
  typos	
  and	
  remove	
  the	
  redundant	
  steps	
  in	
  the	
  protocols	
  as	
  above	
  mentioned	
  
-­‐As	
  commented,	
  discussion	
  length	
  is	
  not	
  adequate:	
  Authors	
  may	
  include	
  further	
  comments	
  on	
  their	
  
choice	
  for	
  oleate	
  over	
  palmitate.	
  Also,	
  it	
  will	
  be	
  of	
  interest	
  from	
  a	
  methodological	
  point	
  of	
  view	
  
whether	
  they	
  compare	
  the	
  three	
  presented	
  techniques.	
  
-­‐	
  We	
  edited	
  the	
  manuscript	
  as	
  correctly	
  suggested	
  by	
  reviewer,	
  removing	
  typos	
  and	
  trying	
  to	
  
eliminate	
  redundant	
  steps.	
  Moreover,	
  we	
  expanded	
  the	
  Discussion,	
  including	
  a	
  comparison	
  of	
  the	
  	
  
three	
  presented	
  lipid	
  accumulation	
  quantification	
  techniques.	
  
	
  
Reviewer	
  #2:	
  	
  
Manuscript	
  Summary:	
  
This	
  manuscript	
  contains	
  two	
  parts	
  
-­‐The	
  description	
  of	
  a	
  human	
  liver	
  cell	
  model	
  ,	
  i.e.	
  differentiated	
  HepaRG	
  cells,	
  for	
  obtaining	
  
steatotic	
  hepatocytes	
  with	
  oleate	
  overloading	
  
-­‐The	
  description	
  of	
  protocols	
  to	
  detect	
  and	
  quantify	
  lipid	
  accumulation	
  in	
  intracellular	
  vesicles	
  
	
  
Major	
  Concerns:	
  
Surprisingly,	
  although	
  the	
  model	
  has	
  already	
  been	
  well	
  characterized	
  the	
  summary	
  (lines	
  24	
  and	
  
25)	
  is	
  focused	
  only	
  on	
  the	
  first	
  part.	
  
The	
  origin	
  and	
  characterization	
  of	
  the	
  HepaRG	
  cell	
  line	
  have	
  been	
  first	
  descripted	
  by	
  Gripon	
  et	
  al	
  in	
  
2002	
  (PNAS);	
  this	
  paper	
  should	
  be	
  cited	
  in	
  13	
  (instead	
  of	
  Marion	
  et	
  al.)	
  
The	
  description	
  that	
  vesicular	
  steatosis	
  induced	
  by	
  steatotic	
  drugs	
  and	
  oleate	
  can	
  be	
  observed	
  in	
  
differentiated	
  HepaRG	
  cells	
  was	
  first	
  described	
  in	
  2011	
  (Antherieu	
  S	
  et	
  al	
  .	
  in	
  Hepatology).	
  The	
  title	
  
is	
  very	
  close	
  to	
  that	
  of	
  the	
  present	
  one	
  :	
  "Induction	
  of	
  Vesicular	
  Steatosis	
  by	
  Amiodarone	
  and	
  
Tetracycline	
  Is	
  Associated	
  with	
  Up-­‐regulation	
  of	
  Lipogenic	
  Genes	
  in	
  HepaRG	
  Cells".	
  This	
  paper	
  
should	
  be	
  discussed	
  and	
  cited.	
  Several	
  other	
  similar	
  papers	
  have	
  been	
  more	
  recently	
  published	
  on	
  
the	
  subject.	
  
The	
  second	
  part	
  on	
  protocols	
  is	
  more	
  original	
  and	
  interesting,	
  in	
  particular	
  the	
  method	
  to	
  quantify	
  
intracellular	
  lipids	
  using	
  anti-­‐Stokes	
  104	
  Raman	
  scattering	
  (CARS)	
  microscopy.	
  
The	
  title	
  of	
  the	
  manuscript	
  should	
  be	
  changed	
  and	
  focused	
  on	
  Protocols	
  to	
  detect	
  and	
  quantify	
  
lipids	
  in	
  differentiated	
  HepaRG	
  cells	
  exposed	
  to	
  oleate	
  
-­‐	
  We	
  agree	
  with	
  the	
  reviewer	
  on	
  all	
  the	
  major	
  concerns	
  and	
  we	
  expanded	
  and	
  focused	
  on	
  the	
  
second	
  part	
  of	
  the	
  protocol,	
  by	
  adding	
  more	
  description	
  and	
  discussion	
  of	
  CARS	
  microscopy	
  as	
  
steatosis	
  quantification	
  and	
  characterization	
  method.	
  In	
  addition,	
  we	
  have	
  changed	
  the	
  
manuscript	
  title	
  and	
  summary	
  to	
  place	
  greater	
  emphasis	
  on	
  steatosis	
  quantification	
  techniques	
  
alongside	
  the	
  liver	
  vesicular	
  steatosis	
  cell-­‐based	
  HepaRG	
  model,	
  and	
  we	
  have	
  cited	
  papers	
  that	
  
report	
  previous	
  characterization	
  of	
  the	
  in	
  vitro	
  HepaRG	
  cellular	
  model	
  	
  	
  	
  
	
  
Minor	
  Concerns:	
  
1.	
  Differentiated	
  HepaRG	
  cell	
  cultures	
  can	
  also	
  be	
  obtained	
  by	
  seeding	
  cryopreserved	
  previously	
  
differentiated	
  HepaRG	
  cells;	
  in	
  such	
  conditions	
  they	
  can	
  be	
  used	
  a	
  few	
  days	
  after	
  seeding.	
  
-­‐	
  The	
  reviewer	
  is	
  correct	
  and	
  a	
  cryopreservation	
  step	
  has	
  now	
  been	
  added	
  as	
  point	
  2.6.	
  
	
  	
  
2.	
  Please	
  clarify	
  the	
  following	
  point:	
  was	
  10%	
  serum	
  maintained	
  in	
  the	
  medium	
  during	
  exposure	
  to	
  
oleate?	
  Did	
  10%	
  serum	
  influence	
  accumulation	
  of	
  lipids?	
  



-­‐	
  As	
  mentioned	
  in	
  point	
  4.1,	
  the	
  oleate	
  was	
  diluted	
  in	
  the	
  complete	
  differentiation	
  medium,	
  which	
  
contains	
  10%	
  serum.	
  Unfortunately,	
  we	
  have	
  never	
  tried	
  sodium	
  oleate	
  exposure	
  in	
  the	
  absence	
  
of	
  serum.	
  
	
  	
  
3.	
  Could	
  you	
  indicate	
  cell	
  numbers	
  and	
  type	
  of	
  dish/well	
  appropriate	
  for	
  each	
  protocol?	
  
-­‐	
  As	
  described	
  in	
  point	
  3.1,	
  the	
  cells	
  have	
  to	
  be	
  seeded	
  at	
  a	
  density	
  of	
  2.5	
  ×	
  104	
  cells/cm2.	
  The	
  type	
  
and	
  number	
  of	
  dishes	
  varies	
  with	
  the	
  experimental	
  conditions;	
  the	
  exceptions	
  are	
  for	
  CARS	
  
microscopy,	
  which	
  requires	
  the	
  use	
  of	
  transparent	
  glass-­‐bottomed	
  dishes	
  (point	
  3.1),	
  and	
  the	
  MTT	
  
assay,	
  which	
  requires	
  96-­‐well	
  plates	
  (point	
  9.1).	
  
	
  
4.	
  Line	
  161	
  and	
  others:	
  Did	
  you	
  use	
  4%	
  formaldehyde	
  or	
  4%	
  paraformaldehyde.	
  
-­‐	
  We	
  thank	
  the	
  reviewer	
  for	
  pointing	
  this	
  out.	
  We	
  have	
  corrected	
  4%	
  formaldehyde	
  to	
  4%	
  
paraformaldehyde,	
  which	
  was	
  used	
  in	
  the	
  experiments.	
  
	
  
5.	
  Oleate	
  treatment	
  deregulated	
  many	
  genes.	
  Were	
  the	
  major	
  findings	
  in	
  agreement	
  with	
  previous	
  
works?	
  	
  
-­‐	
  In	
  this	
  paper	
  we	
  selected	
  a	
  panel	
  of	
  representative	
  genes	
  that	
  are	
  deregulated	
  in	
  lipid	
  overloaded	
  
differentiated	
  HepaRG	
  cells,	
  as	
  already	
  described	
  by	
  us	
  ond	
  others,	
  and	
  data	
  presented	
  confirmed	
  
previous	
  work	
  [Anthérieu	
  et	
  al.,	
  Hepatology	
  53(6),	
  1895-­‐905	
  (2011);	
  Rouge	
  et	
  al.,	
  Toxicology	
  and	
  
Applied	
  Pharmacology	
  276(1),	
  73-­‐81	
  (2014);	
  Belloni	
  et	
  al.,	
  Scientific	
  Reports	
  8,	
  13638	
  (2018);	
  Nunn	
  
et	
  al.,	
  Scientific	
  Reports	
  6,	
  28025	
  (2016)].	
  	
  
	
  
6.	
  Discussion	
  section	
  :	
  comparisons	
  with	
  other	
  studies	
  is	
  usually	
  missing.	
  It	
  is	
  difficult	
  to	
  determine	
  
what	
  is	
  new	
  in	
  the	
  present	
  study	
  
-­‐	
  In	
  this	
  manuscript	
  we	
  describe	
  a	
  point-­‐by-­‐point	
  protocol	
  for	
  the	
  differentiation	
  of	
  HepaRG	
  cells	
  
and	
  methods	
  for	
  quantification	
  of	
  lipid	
  accumulation	
  in	
  differentiated	
  HepaRG	
  cells	
  after	
  sodium	
  
oleate	
  treatment.	
  Although	
  the	
  HepaRG	
  cell	
  line	
  model	
  has	
  already	
  been	
  characterized,	
  as	
  
indicated	
  in	
  the	
  manuscript	
  by	
  many	
  citations,	
  we	
  believe	
  that	
  in	
  this	
  manuscript	
  we	
  give	
  useful	
  
information	
  on	
  critical	
  steps	
  within	
  the	
  differentiation	
  process	
  and	
  vesicular	
  steatosis	
  induction	
  
protocol.	
  In	
  addition,	
  we	
  describe	
  troubleshooting,	
  limitations	
  and	
  future	
  applications	
  of	
  the	
  new	
  
CARS	
  	
  technique	
  with	
  respect	
  to	
  described	
  existing	
  methods	
  for	
  lipid	
  quantification,	
  such	
  as	
  Oil	
  
Red	
  O	
  and	
  Bodipy	
  staining.	
  
	
  
7.	
  In	
  several	
  figures	
  replace	
  comma	
  by	
  point	
  ,	
  e.g.	
  2C	
  and	
  2D	
  (ordonnates)	
  
	
  
Reviewer	
  #3:	
  
Manuscript	
  Summary:	
  
Di	
  Cocco	
  and	
  colleagues	
  describe	
  a	
  protocol	
  for	
  the	
  differentiation	
  of	
  HepaRG	
  cells	
  and	
  exposure	
  of	
  
the	
  obtained	
  cells	
  to	
  sodium	
  oleate	
  to	
  mimic	
  hepatic	
  steatosis,	
  as	
  well	
  as	
  an	
  essay	
  to	
  evaluate	
  
intracellular	
  triglyceride	
  accumulation.	
  
	
  
Major	
  Concerns:	
  
The	
  originality	
  of	
  the	
  paper	
  is	
  very	
  limited	
  as	
  the	
  differentiation	
  protocol	
  of	
  HepaRG	
  cells	
  have	
  been	
  
widely	
  documented	
  (often	
  in	
  the	
  materials	
  &	
  methods	
  sections)	
  in	
  multiple	
  papers.	
  
Additionally,	
  very	
  little	
  information	
  is	
  provided	
  regarding	
  the	
  used	
  cell	
  line.	
  E.g.	
  how	
  were	
  
undifferentiate	
  cells	
  obtained?	
  What	
  were	
  the	
  passage	
  numbers	
  used	
  during	
  the	
  experiments?	
  
Were	
  cells	
  from	
  different	
  batches	
  compared?	
  Were	
  the	
  cells	
  previously	
  cryopreserved?	
  How	
  were	
  
they	
  thawed?	
  Also,	
  baseed	
  on	
  the	
  figures	
  presented,	
  the	
  HepaRG	
  culture	
  seems	
  to	
  be	
  in	
  a	
  



transition	
  stage,	
  rather	
  than	
  fully	
  differentiated.	
  Little	
  attention,	
  has	
  been	
  put	
  on	
  biliary	
  cell-­‐like	
  
cell	
  fraction	
  of	
  the	
  culture.	
  
Furthermore,	
  some	
  important	
  references	
  are	
  missing,	
  e.g.	
  among	
  others	
  characterization	
  of	
  the	
  
HepaRG	
  cell	
  line	
  "Gripon	
  et	
  al.	
  "Infection	
  of	
  a	
  human	
  hepatoma	
  cell	
  line	
  by	
  hepatitis	
  B	
  virus."	
  
Proceedings	
  of	
  the	
  National	
  Academy	
  of	
  Sciences	
  99.24	
  (2002):	
  15655-­‐15660."	
  as	
  well	
  as	
  
application	
  of	
  HepaRG	
  in	
  oleate-­‐induced	
  steatosis	
  "Rogue	
  et	
  al.	
  "PPAR	
  agonists	
  reduce	
  steatosis	
  in	
  
oleic	
  acid-­‐overloaded	
  HepaRG	
  cells."	
  Toxicology	
  and	
  applied	
  pharmacology	
  276.1	
  (2014):	
  73-­‐81."	
  
-­‐	
  We	
  agree	
  with	
  the	
  reviewer	
  on	
  the	
  limited	
  originality	
  of	
  the	
  in	
  vitro	
  model.	
  The	
  HepaRG	
  cell	
  line	
  
model	
  has	
  already	
  been	
  characterized,	
  as	
  we	
  have	
  indicated	
  in	
  the	
  manuscript,	
  citing	
  many	
  
references	
  including	
  Gripon	
  et	
  al.	
  and	
  Rogue	
  et	
  al.	
  (as	
  correctly	
  suggested	
  by	
  the	
  reviewer).	
  
However,	
  we	
  believe	
  that	
  here	
  we	
  give	
  useful	
  information	
  on	
  critical	
  steps	
  within	
  the	
  
differentiation	
  process	
  and	
  on	
  the	
  vesicular	
  steatosis	
  induction	
  protocol.	
  In	
  addition,	
  we	
  describe	
  
troubleshooting,	
  limitations,	
  and	
  future	
  applications	
  of	
  the	
  new	
  CARS	
  technique	
  with	
  respect	
  to	
  
described	
  existing	
  methods	
  for	
  lipid	
  quantification,	
  such	
  as	
  Oil	
  Red	
  O	
  and	
  Bodipy	
  staining.	
  
As	
  rightly	
  recommended	
  by	
  the	
  reviewer,	
  we	
  inserted	
  more	
  information	
  on	
  the	
  cell	
  line,	
  adding	
  a	
  
new	
  protocol	
  section	
  “Thawing,	
  amplification,	
  and	
  cryopreservation	
  of	
  HepaRG	
  cells”	
  (see	
  section	
  
2),	
  and	
  mentioning	
  prof.	
  Christian	
  Trepo	
  (INSERM	
  U871,	
  Lyon,	
  France),	
  who	
  kindly	
  provided	
  cells,	
  
in	
  the	
  acknowledgment	
  section.	
  
	
  
Minor	
  Concerns:	
  
-­‐From	
  the	
  title	
  it	
  is	
  unclear	
  why	
  the	
  authors	
  put	
  emphasis	
  on	
  "liver	
  DMSO-­‐differentiated"	
  HepaRG	
  
cells.	
  Besides	
  a	
  handful	
  of	
  specific	
  studies,	
  HepaRG	
  are	
  always	
  differentiated	
  using	
  DMSO	
  and	
  they	
  
were	
  isolated	
  from	
  a	
  'liver'	
  tumor.	
  
-­‐	
  We	
  agree	
  with	
  the	
  reviewer	
  and	
  we	
  have	
  changed	
  the	
  title	
  accordingly.	
  
	
  	
  
-­‐The	
  use	
  of	
  multiple	
  reference	
  genes	
  gives	
  a	
  more	
  reliable	
  normalization	
  of	
  the	
  targeted	
  genes	
  of	
  
interest.	
  Expression	
  of	
  reference	
  genes	
  may	
  differ	
  between	
  cell	
  types	
  and	
  experimental	
  conditions.	
  
Since	
  the	
  authors	
  included	
  only	
  one	
  reference	
  gene	
  (GADPH)	
  for	
  normalization,	
  it	
  is	
  recommended	
  
to	
  consider	
  more	
  reference	
  genes	
  for	
  the	
  normalization	
  of	
  the	
  gene	
  expression	
  data.	
  The	
  use	
  of	
  at	
  
least	
  2-­‐3	
  stable	
  reference	
  genes	
  is	
  required	
  unless	
  the	
  authors	
  can	
  show	
  the	
  stability	
  of	
  GADPH	
  in	
  
their	
  experiments.	
  
-­‐	
  As	
  rightly	
  suggested	
  by	
  reviewer,	
  we	
  added	
  another	
  two	
  housekeeping	
  genes,	
  the	
  beta-­‐actin	
  and	
  
ribosomal	
  18S	
  genes,	
  as	
  qPCR	
  controls,	
  and	
  we	
  have	
  recalculated	
  the	
  gene	
  expression	
  results.	
  
	
  
-­‐	
  Page	
  2	
  Line	
  40:	
  "This	
  in	
  vitro	
  human	
  model	
  represents	
  a	
  valuable	
  alternative	
  to	
  the	
  in	
  vivo	
  mice	
  
models	
  as	
  well	
  as	
  to	
  the	
  primary	
  human	
  hepatocytes	
  cells,	
  which	
  are	
  not	
  easily	
  available."	
  
A	
  simple	
  cellular	
  model	
  cannot	
  completely	
  replace	
  all	
  in	
  vivo	
  mouse	
  models.	
  In	
  vitro	
  systems	
  can	
  
reduce	
  the	
  number	
  of	
  animals	
  needed,	
  and	
  perhaps	
  partially	
  replace	
  some	
  animal	
  experiments	
  in	
  
early	
  drug	
  development.	
  Please	
  place	
  this	
  statement	
  in	
  the	
  correct	
  context.	
  
-­‐	
  The	
  reviewer	
  is	
  correct,	
  and	
  we	
  agree	
  that	
  an	
  in	
  vitro	
  model	
  cannot	
  completely	
  replace	
  in	
  vivo	
  
models.	
  Indeed,	
  we	
  suggest	
  the	
  HepaRG	
  cellular	
  model	
  as	
  a	
  valuable	
  alternative/option/possibility	
  
to	
  study	
  liver	
  steatosis	
  and	
  not	
  as	
  a	
  substitute	
  of	
  an	
  in	
  vivo	
  model.	
  A	
  comparison	
  between	
  the	
  
advantages	
  and	
  disadvantages	
  of	
  in	
  vitro	
  and	
  in	
  vivo	
  liver	
  steatosis	
  models	
  is	
  described	
  in	
  the	
  
Introduction,	
  and	
  we	
  did	
  not	
  expand	
  on	
  these	
  concepts	
  within	
  the	
  Abstract	
  only	
  because	
  of	
  space	
  
limits.	
  
	
  
-­‐Page	
  4	
  Line	
  123:	
  for	
  the	
  flow-­‐cytometric	
  analysis	
  please	
  refer	
  to:	
  "M.	
  T.	
  Donato	
  et	
  al.,	
  "Cytometric	
  



analysis	
  for	
  drug-­‐induced	
  steatosis	
  in	
  HepG2	
  cells,"	
  Chem.	
  Biol.	
  Interact.,	
  vol.	
  181,	
  pp.	
  417-­‐423,	
  
2009."	
  Also,	
  different	
  BODIPY-­‐labeled	
  dyes	
  exist.	
  Specify.	
  
-­‐	
  We	
  added	
  the	
  suggested	
  reference	
  and	
  specified	
  that	
  we	
  used	
  BODIPY	
  505/515.	
  
	
  
-­‐Page	
  5	
  Line	
  160:	
  What	
  is	
  the	
  difference	
  between	
  PBS1	
  and	
  PBS?	
  
-­‐	
  We	
  corrected	
  this	
  misprint.	
  
	
  
-­‐Page	
  6	
  Line	
  188:	
  Please	
  convert	
  rpm	
  to	
  x	
  g,	
  since	
  the	
  centrifugal	
  force	
  depends	
  as	
  well	
  on	
  the	
  
radius	
  of	
  the	
  centrifuge.	
  
-­‐	
  We	
  converted	
  rpm	
  to	
  x	
  g.	
  
	
  
-­‐Page	
  7	
  Line	
  204:	
  Please	
  specify	
  "Dishes	
  can	
  be	
  harvested	
  at	
  -­‐80	
  °C".	
  
-­‐	
  We	
  corrected	
  point	
  6.1	
  (point	
  7.1	
  in	
  the	
  revised	
  manuscript)	
  as	
  rightly	
  suggested	
  by	
  the	
  reviewer.	
  
	
  
-­‐Page	
  9	
  Line	
  283:	
  What	
  is	
  "the	
  optimal	
  sodium	
  oleate	
  concentration"?	
  Please	
  specify.	
  
The	
  MTT	
  assay	
  is	
  not	
  described	
  in	
  the	
  methods	
  section.	
  
-­‐	
  We	
  corrected	
  the	
  sentence,	
  as	
  rightly	
  suggested	
  by	
  the	
  reviewer,	
  and	
  we	
  added	
  an	
  MTT	
  protocol	
  
as	
  section	
  9.	
  
	
  
-­‐Figure	
  2D:	
  since	
  the	
  control	
  condition	
  is	
  compared	
  to	
  more	
  than	
  one	
  condition	
  in	
  a	
  single	
  
experiment,	
  an	
  ANOVA	
  test	
  should	
  be	
  used	
  instead	
  of	
  a	
  t-­‐test.	
  
-­‐	
  We	
  performed	
  an	
  ANOVA	
  test	
  as	
  suggested	
  by	
  the	
  reviewer,	
  comparing	
  each	
  condition	
  to	
  the	
  
control	
  point,	
  and	
  it	
  produced	
  the	
  same	
  results	
  as	
  the	
  t-­‐test.	
  	
  
	
  
-­‐	
  Figure	
  4:	
  No	
  statistical	
  analysis	
  on	
  this	
  figure?	
  
-­‐	
  We	
  performed	
  a	
  t-­‐test	
  as	
  indicated	
  in	
  figure	
  legend,	
  we	
  decided	
  not	
  to	
  insert	
  asterisks	
  on	
  the	
  
histogram	
  plot	
  for	
  aesthetic	
  reasons,	
  instead	
  including	
  “p-­‐value	
  <	
  0.05”	
  in	
  the	
  figure	
  legend.	
  
	
  
-­‐Page	
  12	
  Line	
  362:	
  HepaRG	
  cells	
  are	
  also	
  derived	
  from	
  HCC!!!!!?	
  Cfr	
  Guillouzo	
  et	
  al.	
  "The	
  human	
  
hepatoma	
  HepaRG	
  cells :	
  A	
  highly	
  differentiated	
  model	
  for	
  studies	
  of	
  liver	
  metabolism	
  and	
  toxicity	
  
of	
  xenobiotics,"	
  Chem.	
  Biol.	
  Interact.	
  (2007),	
  168:	
  66-­‐73.	
  
-­‐	
  The	
  reviewer	
  is	
  correct,	
  this	
  sentence	
  was	
  not	
  clear,	
  and	
  we	
  have	
  now	
  corrected	
  it.	
  
	
  
-­‐Page	
  13	
  Line	
  392	
  "The	
  sodium	
  oleate-­‐treated	
  dHepaRG	
  cell-­‐based	
  model	
  reflects	
  the	
  
histopathology	
  and	
  pathophysiology	
  of	
  human	
  NAFLD,	
  and	
  thereby	
  may	
  increase	
  knowledge	
  of	
  the	
  
molecular	
  mechanisms	
  involved	
  not	
  only	
  in	
  the	
  onset	
  but	
  also	
  in	
  the	
  progression	
  of	
  NAFLD,	
  
providing	
  a	
  basis	
  for	
  the	
  development	
  of	
  better	
  therapeutic	
  approaches	
  to	
  the	
  disease."	
  
It	
  is	
  not	
  incorrect	
  to	
  state	
  that	
  HepaRG	
  cells	
  exposed	
  to	
  sodium	
  oleate	
  reflect	
  'the	
  histopathology'	
  
of	
  NAFLD	
  based	
  on	
  the	
  presence	
  of	
  intracellular	
  lipid	
  droplets.	
  
-­‐	
  We	
  agree	
  with	
  the	
  reviewer	
  and	
  we	
  have	
  corrected	
  this	
  sentence.	
  
	
  


