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Introduction 

Stem cells have become the subject of extensive investigation recently, partly 
due to their therapeutic potential and because they raise several fundamental 
issues concerning the regulation of proliferation and differentiation. 

Embryonic stem (ES) cells are derived from totipotent cells of the early 
mammalian embryo and are capable of unlimited, undifferentiated proliferation 
in vitro [1, 2, 3].  Undifferentiated mouse ES cells can be maintained for a long 
time in media containing the cytokine, leukemia-inhibitory factor (LIF) or 
Millipore’s proprietary ES cell culture reagent, ESGRO [4, 5].  However, upon 
removal of LIF from the culture medium, in vitro, the mouse ES cells start to 
differentiate into cells derived from all three germ layers.  In contrast, human ES 
cultures require mouse fibroblasts as feeder cells and cannot be maintained with 
LIF for self-renewal [6, 7].   

The undifferentiated state of the embryonic stem cell is characterized by high 
level of expression of alkaline phosphatase (AP) [8] and the stem cell 
transcription factor, Oct-4.  Nevertheless, these ES cells also exhibit marked 
differences from their murine counterparts in regards to their expression of 
stage-specific embryonic antigen (SSEA), that typify undifferentiated human ES 
and embryonic carcinoma (EC) cells.  

SSEA-1, a carbohydrate antigen, is a fucosylated derivative of type 2 
polylactosamine and appears during late cleavage stages of mouse embryos.  It is 
strongly expressed by undifferentiated, murine ES cells [9, 10].  Upon 
differentiation, murine ES cells are characterized by the loss of SSEA-1 
expression and may be accompanied, in some instances, by the appearance of 
SSEA-3 and SSEA-4 [11].  In contrast, human ES and EC cells typically express 
SSEA-3 and SSEA-4 but not SSEA-1, while their differentiation is characterized 
by downregulation of  SSEA-3 and SSEA-4 and an upregulation of SSEA-1 [12, 
13].  Undifferentiated, human ES cells also express the keratin sulphate-
associated antigens, TRA-1-60 and TRA-1-81 [14]. 

MILLIPORE’s ES Cell Characterization Kit (Catalog number SCR001) is a 
specific and sensitive tool for the phenotypic assessment of the differentiation 
status of ES cells by measuring their AP activity, cell-surface stage-specific 
antigens (SSEA-1, SSEA-4) as well as expression of TRA-1-60, TRA-1-81 
antigens. 
 



2 

Related Products 

The following related products are available from MILLIPORE as separate 
items: 

1. SSEA-1 Monoclonal Antibody, purified 100µg (Catalog # MAB4301) 
2. SSEA-3 Monoclonal Antibody, purified 100µg (Catalog # MAB4303) 
3. SSEA-4 Monoclonal Antibody, purified 100µg (Catalog # MAB4304) 
4. TRA-1-60 Monoclonal Antibody, purified 100µg (Catalog # MAB4360) 
5. TRA-1-81 Monoclonal Antibody, purified 100µg (Catalog # MAB4381) 
6. Murine LIF, 5µg  (Catalog # LIF2005) 
7. Murine LIF, 10µg (Catalog # LIF2010) 
8. ESGRO, 1 x 106 units (Catalog # ESG1106) 
9. ESGRO, 1 x 107 units (Catalog # ESG1107) 
 

Product Description and Storage 

The ES Cell Characterization Kit consists of two components used for alkaline 
phosphatase activity determination as well as four ES cell-specific antibodies 
required to perform 100 tests (including controls).   
When stored at 2º to 8ºC, the kit components are stable up to the expiration date.  
Do not freeze or expose to elevated temperatures. Discard any remaining 
reagents after the expiration date.   
 

Kit Components 
1. Fast Red Violet solution (0.8g/L stock) (Part No. 90239). Two 15mL 

bottles.  

2. Napthol AS-BI phosphate solution (4mg/mL) in AMPD buffer (2mol/L), 
pH 9.5 (Part No. 90234). One 15mL bottle. 

3. MS X SSEA-1, IgM, clone MC-480 (Part No. 90230). One vial containing 
100µl of 1mg/mL monoclonal antibody. 

4. MS X SSEA-4, IgG, clone MC-813-70 (Part No. 90231). One vial 
containing 100µl of 1mg/mL monoclonal antibody. 

5. MS X TRA-1-60, IgM, clone TRA-1-60 (Part No. 90232). One vial 
containing 100µl of 1mg/mL monoclonal antibody 

6. MS X TRA-1-81, IgM, clone TRA-1-81 (Part No: 90233). One vial 
containing 100µl of 1mg/mL monoclonal antibody. 
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Materials Required But Not Supplied 

1. Fixative (e.g. 4% Paraformaldehyde) 
2. 1 x Rinse Buffer (e.g. TBST:  20mM Tris-HCl, pH 7.4, 0.15 NaCl, 0.05% 

Tween-20) 
3. Blocking solution 
4. Fluorescent-labeled secondary antibodies 
5. Hematoxylin 
6. Microscope 
 

Preparation of Reagents 

1. Naphthol/Fast Red Violet Solution:  Mix Fast Red Violet (FRV) with 
Naphthol AS-BI phosphate solution and water in a 2:1:1 ratio 
(FRV:Naphthol:water). 

 

Antibody Specificity 

 SSEA-1 SSEA-4 TRA-1-60 TRA-1-81 

Human ES cell     
Murine ES cell     

Legends: 
 = undifferentiated ES cells show negative immunostaining for this antibody 

 = undifferentiated ES cells show positive immunostaining for this antibody 
 

Staining Protocol 
A. Alkaline Phosphatase Staining Procedure 

1. Culture ES cells for five days prior to analyzing AP activity, at low to 
medium density (NOTE:  This time-period is critical if activity levels of AP 
needs to be observed.  According to our findings, five days of culturing are 
optimal for good AP stain visualization). 

2. On day five, aspirate media and fix the ES or EC cells with a fixative (e.g. 
4% Paraformaldehyde in PBS)  for 1-2 minutes. 



4 

 Note:  Do not overfix.  Fixing cells longer than 2 minutes will result in the 
  inactivation of alkaline phosphatase. 
3. Aspirate fixative and rinse with 1 X Rinse Buffer.  DO NOT allow wells to 

dry. 
4. Prepare reagents for Alkaline phosphatase staining as described in 

“Preparation of Reagents” section. 
5. Add enough stain solution to cover each well (e.g. 0.5mL for a well of a 

24-well plate).  Incubate in dark at room temperature for 15 minutes. 
6. Aspirate staining solution and rinse wells with 1 X Rinse Buffer. Cover 

cells with 1 X PBS to prevent drying and then count the number of 
colonies expressing AP (red stem cell colonies), versus the number of 
differentiated colonies (colorless). 

7. AP staining criteria:  Greater than 90% of colonies should remain 
undifferentiated and express alkaline phosphatase in the well containing 
103 Units of LIF.  P value shall be ≥ 0.05.  

 
B. Immunofluorescence Staining Procedure 
The cell-surface-antigen expression of cultured cells  can be analyzed by using 
immunofluorescence techniques.  The following primary monoclonal antibodies 
are used to detect surface-antigen expression: anti-SSEA-1; anti-SSEA-4; TRA-
1-60 and TRA-1-81 (provided in kit). Fluorescein isothiocyanate (FITC)-labeled 
goat anti-mouse IgM or anti-IgG can be used as secondary antibody, appropriate 
to the isotype of the primary antibody. 

1. Fix cultured ES cells in 4% paraformaldehyde/PBS for 15-20 minutes at 
room temperature. 

2. Wash twice (5-10 minutes each) with 1 X Rinse Buffer. 
3. Permeabilize cells with 0.1% Triton X-100/PBS for 10 minutes at room 

temperature. 
4. Wash twice (5-10 minutes each) with 1X Rinse Buffer. 
5. Apply a Blocking solution (e.g. 4% normal goat serum/PBS) for 30 

minutes at room temperature. 
6. Dilute primary antibodies to working concentrations, in blocking solution 

(SSEA-1, SSEA-4, TRA-1-60 and TRA-1-81 can be used in the range of 
1:10 – 1:50).  Incubate primary antibodies for 1 hour at room temperature. 

7. Wash three times (5-10 minutes each) with 1X Rinse Buffer. 
8. Dilute secondary antibodies in 1 X PBS just before use.  Incubate 

secondary antibodies for 30-60 minutes at room temperature. 
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9. Wash three times (5-10 minutes each) with 1X Rinse Buffer. 
10. If stained in plate wells, cells should be covered with 1X PBS for 

visualization.  However, if cells are stained on a coverslip, mount on a 
slide by using antifade mounting solution. 

11. Fluorescence images can be visualized with a  fluorescence microscope. 
 Note: Be sure to use the correct filtervisualizing fluorescently labeled 

cells. 
 

Staining results obtained with ES Cell Characterization Kit 

   (A)        (B)      (C) 

 
Alkaline Phosphatase staining of ES cells.  High magnification revealed (A) 
Undifferentiated ES cells (mouse MBL.5 cell line) – cultured for five days in 
media containing  MILLIPORE’s LIF/ESGRO.  A concentration of 103 
Units/mL is used for inhibition of differentiation.  (B) Differentiated ES cells – 
cultured at low-medium density for three days in media without any 
LIF/ESGRO.  (C) Differentiated ES cells – cultured at low-medium density for 
six days in media without any LIF/ESGRO. 

   

Immunofluorescence images of ES cells, stained with anti-SSEA and anti-
TRA antibodies.  (A) undifferentiated, murine ES cells (cultured in presence of 

 A  B  C 
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LIF) revealed positive immunostaining for  SSEA-1. (B) Immunofluorescence 
staining of human ES cell colony with anti-SSEA-4 monoclonal antibody. As 
anticipated, ES cells within the colony exhibit strong immunoreactivity to this 
antibody. (C) Immunofluorescence staining of human ES cells with anti-TRA-1-
60 monoclonal antibody. As revealed by the image, the ES cells within the 
colony exhibit strong immunoreactivity to this antibody. 
Photographs B and C courtesy of Dr. Jonathan Draper, University of Sheffield, Department of 
Biomedical Science. 
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Cat No. SCR001 
 

Warranty 
 

EMD Millipore Corporation (“EMD Millipore”) warrants its 
products will meet their applicable published specifications 
when used in accordance with their applicable instructions 
for a period of one year from shipment of the products. EMD 
MILLIPORE MAKES NO OTHER WARRANTY, 
EXPRESSED OR IMPLIED.  THERE IS NO WARRANTY 
OF MERCHANTABILITY OR FITNESS FOR A 
PARTICULAR PURPOSE.  The warranty provided herein 
and the data, specifications and descriptions of EMD 
Millipore products appearing in EMD Millipore’s published 
catalogues and product literature may not be altered except 
by express written agreement signed by an officer of EMD 
Millipore.  Representations, oral or written, which are 
inconsistent with this warranty or such publications are not 
authorized and if given, should not be relied upon. 

 
In the event of a breach of the foregoing warranty, EMD 
Millipore Corporation’s sole obligation shall be to repair or 
replace, at its option, the applicable product or part thereof, 
provided the customer notifies EMD Millipore Corporation 
promptly of any such breach.  If after exercising reasonable 
efforts, EMD Millipore Corporation is unable to repair or 
replace the product or part, then EDM Millipore shall refund 
to the Company all monies paid for such applicable Product. 
EMD MILLIPORE CORPORATION SHALL NOT BE 
LIABLE FOR CONSEQUENTIAL, INCIDENTAL, SPECIAL 
OR ANY OTHER DAMAGES RESULTING FROM 
ECONOMIC LOSS OR PROPERTY DAMAGE SUSTAINED 
BY ANY COMPANY CUSTOMER FROM THE USE OF ITS 
PRODUCTS. 
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Unless otherwise stated in our catalog or other company documentation 
accompanying the product(s), our products are intended for research use 
only and are not to be used for any other purpose, which includes but is 
not limited to, unauthorized commercial uses, in vitro diagnostic uses, ex 
vivo or in vivo therapeutic uses or any type of consumption or application 
to humans or animals. 

 
 
(c) 2009 - 2016: Merck KGaA, Darmstadt. All rights reserved. No part of these 
works may be reproduced in any form without permission in writing 
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