Standard operating procedure for the measurement of urea synthesis in cultured stem cell-derived hepatocyte-like cells
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1. Introduction

Hepatocytes comprise approximately 80% of the total liver mass. Human hepatocytes are involved in protein synthesis, synthesis of cholesterol, bile salts and phospholipids. Also detoxification and toxification (activation) of xenobiotics, including drugs, majorly occurs in hepatocytes (Gómez-Lechón et al., 2010; Lavon and Benvenisty, 2005). These features make hepatocytes target cells for toxic reactions and an attractive tool for studying xenobiotic biotransformation (Gómez-Lechón et al., 2010). However, the availability of human hepatocytes is limited due to donor organ shortage. As an alternative source, human embryonic and adult stem cells can be differentiated into hepatocyte-like cells (Snykers et al., 2009). As such, their functional capacity needs to be demonstrated using different functional hepatic assays including urea production.               

2. Purpose

The present standard procedure describes a protocol for measuring the urea concentration in supernatant of human stem cell-derived hepatocyte-like cells. This procedure relies on a chromogenic reagent that forms a colored complex specifically with urea. The latter can be measured and is directly proportional to the urea concentration in the sample.   

3. Scope and limitations

The current protocol represents a simple and direct method to quantitatively measure the urea concentration in human stem cell-derived hepatocyte-like cell cultures. This assay has no harmful effect on the cultured cells. Therefore, after incubation of the cells with the substrate (ammonium chloride (NH4Cl)), the cultures can be maintained.  

4. Method outline

The urea assay consists of three steps, namely (i) preparation: incubation of the cells with NH4Cl, (ii) assay: measurement of the urea concentration, and (iii) processing of the results. Practical details are provided for each of these three steps based upon our own hands-on experience.
5. Consumables and equipment

             5.1. Products and reagents

- Hank's balanced salt solution (HBSS) 1x (Invitrogen 14175-053, Belgium)

- NH4Cl, cell culture tested (Sigma A0171, Belgium).

- Quantichrom Urea Assay Kit (DIUR-500): Bioassay Systems (GENTAUR BVBA, Belgium)

- Williams’ Medium E (phenol red-free medium) (Sigma W1878, Belgium).

Preparation of a 1M stock solution of NH4Cl (MW: 53.49): 

             NH4Cl                                               5.349g

             Phenol red-free medium                   100ml 

             Sterile using a 0.22µm filter.    
 → This solution can be stored at -20º C for 3 months. 

Preparation of working solution: 10mM NH4Cl: 

1M NH4Cl                                   1ml 

Phenol red-free medium              99ml 

 → This solution can be stored at -20º C for 3 months.

Then, prepare 6mM NH4Cl: 

10mM NH4Cl                       30ml 

Phenol red-free medium       20ml

  → This solution can be stored at -20º C for 3 months.
          5.2. Materials and devices

- 96-well plate (353047, BD Biosciences, Belgium)

- 6-well plate (353224, BD Biosciences, Belgium)
- Automatic pipets and tips (100 µl, 1000 µl, Eppendorf-VWR, Belgium)

- Freezer (-80°C, Bauknecht GKMC3611, VWR, Belgium)

- General glassware (VEL, Belgium)

- Microcentrifuge tubes (1.5 ml and 2 ml, Eppendorf 0030-120094, VWR, Belgium)
- Multiplate reader (Victor3, 1420 Multilabel counter, PerkinElmer, Belgium)
- Pasteur pipets (Bilbate, United Kingdom)

- Pipetor (Pipetus, Flow Laboratories, Belgium)

- Thermostated bath (37°C, Grant W14, VEL, Belgium)

- Volumetric pipets (25 ml, 10 ml and 5 ml BD Biosciences, Belgium)

6. Methods

6.1. Incubation of the hepatocyte-like cells with NH4Cl 
1. At various time points during culture, hepatocyte-like cells are incubated 5% CO2 at 37 ºC for 24h in an appropriate medium containing 6mM NH4Cl. (see note 1 and 2).

2. After incubation time, the supernatant is collected to perform the assay as below or frozen in liquid nitrogen and stored at -80ºC until further use. 

3. Rinse the cells 1x with 1ml of HBSS buffer and proceed cultivation as initially foreseen.
            6.2. Assay

1. Reagent preparation

1. Bring all reagents at room temperature and shake well before use. 

2. Prepare the working reagent solution by adding 1 volume of reagent A to 1 volume of reagent B (see note 3&4).

2. Procedure 

1. Prepare a standard curve with known amounts of urea from the stock solution present in the kit (50mg/dl) using phenol red-free medium (see note 5) as follows:

	Final Urea Concentration (mg/dl) 
	Dilution factor
	Stock solution (50mg/dl) (µl)
	Phenol red-free medium (µl)

	50.00
	0
	5.00
	/

	25.00
	2
	2.50
	2.5

	10.00
	5
	1.00
	4

	7.50
	6.66
	2.50
	14.15

	5.00
	10
	2.50
	22.5

	2.50
	20
	2.50
	47.5

	1.00
	50
	2.50
	122.5

	0.75
	66.67
	2.50
	164.175

	0.50
	100
	2.50
	247.5

	0.25
	200
	2.50
	497.5

	0.10
	500
	2.50
	1247.5


2. Transfer 5µl of these dilutions in duplicate into wells of a clear flat-bottom 96-well plate.

3. Transfer 5µl sample (supernatant) and water (blank) in duplicate into wells of a clear flat-bottom 96-well plate*

* Freeze rest of supernatant at -80 ºC until further use.

4. Add 200µl working reagent {reagent A/reagent B (1/1)} to all wells and tap lightly to mix. 

5. Incubate 20 min at room temperature and read the optical density at 520-530nm (signal is stable for ± 30 min). 

            6.3. Processing of the results
Urea concentration (mg/dl) of the sample is calculated as:

{Asample - ABlank / Astandarad – Ablank} × n × urea standard concentration (mg/dL)

→ {Standard} is the concentration of the urea standard (50.00 mg/dL)

→ {n} is the dilution factor of the standard references. 
7. Health safety and environment

Gloves and a laboratory coat must be worn when the operator performs the described protocol. All the materials utilized for cell cultures should be discarded according to appropriate biological waste safety procedures. 

8. Notes

1. In our group, this assay has been used to measure urea concentration in supernatant of hepatocyte-like cells obtained from human bone marrow-derived mesenchymal stem cells (hBM-MSCs). hBM-MSCs are plated at 21.5 × 103 cells/cm2 on collagen coated 6-well plate. Then, differentiation was done based on a protocol established in our lab. See reference Snykers et al. (2007) for details. Recently, this assay has been utilized to measure also the urea concentration in supernatant of hepatocyte-like cells derived from human embryonic stem cells (Roelandt et al., 2010).

2. 6mM NH4Cl is used in this assay based upon our own hands-on experience on hBM-MSCs, but it is possible to use another high concentration e.g. as follows:

Prepare 8mM NH4Cl: 

10mM NH4Cl                       40ml 

Phenol red-free medium       10ml

  → This solution can be stored at -20º C for 3 months.

3. Reagent B is light sensitive, therefore wrap aluminium foil around both the bottle of reagent B and the working reagent.

4. Use working reagent within 20 min after mixing. 

5. Phenol red-free medium is used to avoid interaction between the phenol red and the working reagent, which could lead to false positive result.  

General Troubleshooting Guide 
Table 1: Troubleshooting of the urea assay.
	Problem
	Cause
	Solution

	No signal detection in samples 
	Low urea concentration 
	Incubate samples for 50 min instead of 20 min at room temperature

Incubate differentiated cells with high NH4Cl concentration (see note 2)
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