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SYNOPSIS
 

 

Misidentification of cultured cell lines results in the generation of erroneous scientific data. 

Hence, it is very important to identify and eliminate cell lines with a different origin from that 

being claimed. Various methods, such as karyotyping and isozyme analysis, can be used 

to detect inter-species misidentification. However, these methods have proved of little 

value for identifying intra-species misidentification, and it will only be through the 

development and application of molecular biological approaches that this will become 

practical. Recently, the profiling of microsatellite variants has been validated as a means of 

detecting gene polymorphisms and has proved to be a simple and reliable method for 

identifying individual cell lines. Currently, the human cell lines provided by cell banks 

around the world are routinely authenticated by microsatellite polymorphism profiling. 

Unfortunately, this practice has not been widely adopted for mouse cells lines. Here we 

show that the profiling of microsatellite variants can be also applied to distinguish the 

commonly used mouse inbred strains and to determine the strain of origin of cultured cell 

lines. We found that approximately 4.2% of mouse cell lines have been misidentified; this is 

a similar rate of misidentification as detected in human cell lines. Although this approach 

cannot detect intra-strain misidentification, the profiling of microsatellite variants should be 

routinely carried out for all mouse cell lines to eliminate inter-strain misidentification. 

. 
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Introduction 
 

Cultured cell lines have proved a valuable resource in all fields of 

the life sciences and have been utilized in many types of biological 

study. Currently, however, stringent analyses to check the identity 

of a cell culture are not always included as part of the culture 

protocol routine. This has led to misidentification or cross-

contamination of cell lines going undetected. As a result, the 

published literature contains a number of reports that are based on 

wrongly identified cell lines
1
. Despite numerous publications 

warning of inter- and intra-species misidentification of cell lines
2-6

, 

the problem of misidentification continues to occur at an extremely 

high rate
7-10

. Therefore, articles pointing out misidentification of cell 

lines continue to be published
11-14

. 

 

Inter-species contamination can be detected by various methods, 

such as karyotyping and isozyme analysis. However, it was not 

possible to detect intra-species misidentification prior to the 

development of molecular biology techniques that make use of the 

genetic differences between cell lines to facilitate their identification. 

One such method makes use of microsatellite polymorphisms to 

develop diagnostic profiles for cell lines
15

. Microsatellite 

polymorphisms result from differences in the numbers of a 

repeating unit of 1-7 base pairs; these variants are also called short 

tandem repeat (STR) polymorphisms or simple sequence length 

polymorphisms (SSLPs). These polymorphisms have been 

extensively used in forensic science. Gene profiling using STR 

polymorphisms (STR profiling) has been shown to be an efficient 

and reliable means for identifying individual human cell lines
16,17

 and 

is now performed routinely in the major cell banks around the world. 

What about mouse cell lines; do they also suffer from problems of 

misidentification? This question prompted us to establish a method 

to authenticate the identities of mouse cell lines. 

 

 

Results and Discussion 
 

The mouse genome possesses a huge number of microsatellite 

polymorphisms, similarly to the genomes of humans and other 

mammalian species. The so-called MIT markers developed at the 

Massachusetts Institute of Technology (MIT) Whitehead Institute
18

 in 

the mouse have been extensively developed and utilized in various 

fields of research. Information on microsatellite polymorphisms, 

including data on MIT marker sizes in 47 mouse strains, is publicly 

available on the Center for Inherited Disease Research Web site 

(http://www.cidr.jhmi.edu/mouse/mouse resources.html). It is 

possible to amplify a number of polymorphic microsatellite loci using 

commercially available sets of primers. The PCR products are 

analyzed simultaneously with size standards using automated 

fluorescent detection techniques. The result is a simple numerical 

code that corresponds to the lengths of the PCR products amplified 

at each locus, and is accurate to less than one base pair. 

 

Our aim was to establish a simple method that can be used for 

routine analysis in our cell bank work. Thus, we sought to establish 

a method using the smallest practical number of polymorphic loci. 

First, we screened more than 500 microsatellite primers covering 

the autosomes and the X chromosome and selected the 24 MIT 

markers that exhibited the most distinct differences between inbred 

mouse strains (Figure 1, Table 1), mostly larger than 10 bp on 

electrophoretic patterns
19

. We then performed an SSLP analysis of 

40 mouse strains using the 24 selected MIT markers (Table 1) and 

concluded that 6 MIT markers would be sufficient to distinguish the 

common and popular inbred strains such as C57BL/6, BALB/c, 

C3H/He, 129/Sv and DBA/2 (Figure 2, Table 2). 

 

An SSLP analysis, using the 6 MIT markers described above, has 

now been adopted by the Cell Engineering Division of the RIKEN 

BioResource Center (RIKEN Cell Bank) to exclude misidentification 

among the cultured mouse cell lines that we currently provide. 

However, this analysis can detect inter-strain but not intra-strain 

misidentification. 

 

The screening of the RIKEN Cell Bank indicated that 97.7% (334 

lines out of 342 lines) of the mouse cell lines were derived from 
 
 

A 

 

 
B 

 
 

C 

 
 

Figure 1. Distribution of the analyzed simple sequence length 
polymorphisms (SSLPs) loci in the mouse genome. (A) Karyotype of the 

mouse, 40XY. (B) The chromosomal distributions of the screened 24 loci are 

indicated. (C) The 6 loci selected as being sufficient for identification of common 

inbred mouse strains are indicated by the red background. 

http://www.cidr.jhmi.edu/mouse/mouse%20resources.html
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CH12F3-2A (RCB2809), C57BL/6 

 
Figure 2A. Representative results from SSLP analyses using the 6 selected loci. (A) The CH12F3-2A cell line that is derived from the C57BL/6 mouse 

strain. 
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SP-2 (RCB3012), BALB/c 
 
Figure 2B. Representative results from SSLP analyses using the 6 selected loci. (B) The SP-2 cell line that is derived from the BALB/c mouse strain. 
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L929 (RCB2619), C3H/He 

 
Figure 2C. Representative results from SSLP analyses using the 6 selected loci. (C) The L929 cell line that is derived from the C3H/He mouse strain.
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the common inbred strains (e.g., Table 3); the remaining 2.3% 

appeared to be derived from non-inbred mice. Cell lines derived 

from an F1 hybrid of two different strains show different alleles at 

each locus that correspond with those of their parental strains 

(Table 4). With regard to the cell line UV.CC3-11.1 (RCB2074), 

which was established from an F1 hybrid from the cross BALB/c x 

C3H/He, only the BALB/c allele at the D5Mit201.1 locus could be 

detected (Table 4). The C3H/He allele has been replaced by the 

BALB/c allele during culture, i.e., so-called loss of heterozygosity 

(LOH) appears to have occurred. 

 

For some cell lines of uncertain provenance, we were able to 

identify the originating strains by SSLP analysis. For example, we 

found that LLC
20

, PU5-18
21

, and MBT-2
22

 were derived from the 

C57BL/6, BALB/c, and C3H/He strains, respectively (Table 5). 

Interestingly, the LLC cell line had a deletion mutation at the locus 

D13Mit256.1 and only this mutated allele was detectable. 

Presumably, LOH had occurred subsequent to the deletion mutation. 

 

Approximately 4.2% (14 lines out of 334 lines) of the mouse cell 

lines derived from common inbred strains were misidentified (Table 

6), i.e., the strains were different from those claimed by the 

depositors of the cell lines. This rate of misidentification is similar to 

that reported for human cell lines
17

. As an example of 

misidentification, the cell line TSt-4 was registered as being 

C57BL/6-derived; however, SSLP analysis indicated that the cell 

line was derived from the BALB/c strain (Table 7). LOH following a 

deletion mutation was detected at the D17Mit51.1 locus of the TSt-4 

cell line. Similarly, LOH following a deletion mutation was also 

detected in the MC3T3-E1
23

 cell line at locus D1Mit159.2 (Table 8). 

In general, it is inevitable that aberrations such as point mutations, 

deletion mutations and LOHs accumulate in cell lines following long 

term culture. Thus, the optimum strategy is to culture the cell for as 

short period as possible not only in the cell bank but also for 

ordinary laboratory work. 

 

Table 2. SSLP analysis of 5 common and popular mouse strains 

using the 6 selected loci indicated in Figure 1C 

Sample 
D1 

Mit159.1 

D2 

Mit395.1 

D4 

Mit170.1 

D5 

Mit201.1 

D13 

Mit256.1 

D17 

Mit51.1 

C57BL/6 203.2 129.7 226.0 98.9 100.3 157.3 

BALB/c 141.8 135.5 242.5 94.9 88.3 155.1 

C3H/He 185.1 123.8 236.4 92.5 78.4 140.1 

129/Sv 191.5 157.3 226.1 94.8 76.6 163.7 

DBA/2 141.8 135.3 242.6 92.6 76.5 155.2 

 

 

Table 6. List of cell lines that the strains were different from those 

claimed by the depositors of the cell lines 

RCB No. Cell Name 
Registered 

Strain 
Result Comment 

RCB0792 T88-M DBA/2J C3H/He Providing 

RCB1144 DA-3 BALB/c DBA/2 Providing 

RCB2116 TSt-4 C57BL/6 BALB/c Providing 

RCB2117 TSt-4/G C57BL/6 BALB/c Providing 

RCB2118 TSt-4/G-DLL1 C57BL/6 BALB/c Providing 

RCB2119 TSt-4/N C57BL/6 BALB/c Providing 

RCB2120 TSt-4/N-DLL1 C57BL/6 BALB/c Providing 

RCB2633 MM46 CEA-2 C3H/He Unknown Providing 

RCB2634 
MM46-APR-
MUC1 cl.1 

C3H Swiss Providing 

RCB2195 FVB-2 Swiss FVB 129/Sv 
Stopped 
provision 

RCB2196 ICRmt-1 ICR Unknown 
Stopped 
provision 

RCB2617 MM46 C3H Swiss 
Stopped 
provision 

RCB2632 
BALB/3T3AP
R-MUC1 
clone 16 

BALB/c Swiss 
Stopped 
provision 

RCB2647 BALB/3T3 BALB/c Swiss 
Stopped 
provision 

 

 

 

 

 

Table 3. SSLP analysis of three C57BL/6-derived cell lines, B6mt-

2, MEDEP-BRC5, and UV.B6-4.1 and three BALB/c-derived cell 

lines, RAW264, J774.1, and UV.BAL-7.1 

Sample 
D1 

Mit159.1 

D2 

Mit395.1 

D4 

Mit170.1 

D5 

Mit201.1 

D13 

Mit256.1 

D17 

Mit51.1 

C57BL/6 203.2 129.7 226.0 98.9 100.3 157.3 

B6mt-2 203.2 129.8 226.0 98.7 100.3 157.0 

MEDEP-
BRC5 

203.2 130.0 226.0 98.9 100.6 157.0 

UV.B6-
4.1 

203.6 130.1 226.0 98.9 100.8 157.4 

BALB/c 141.8 135.5 242.5 94.9 88.3 155.1 

RAW264 141.8 135.3 242.5 94.6 88.3 155.0 

J774.1 142.2 135.7 242.6 94.4 88.5 154.8 

UV.BAL-
7.1 

141.8 135.3 242.4 94.6 88.2 155.1 

The analyses authenticated the origins of the six cell lines. 

 

Table 4. SSLP analysis of a mouse cell line derived from a 

(BALB/c x C3H/He) F1 Mouse 

Sample 
D1 

Mit159.1 

D2 

Mit395.1 

D4 

Mit170.1 

D5 

Mit201.1 

D13 

Mit256.1 

D17 

Mit51.1 

BALB/c 141.8 135.5 242.5 94.9 88.3 155.1 

C3H/He 185.1 123.8 236.4 92.5 78.4 140.1 

UV.CC3
-11.1 

142.0 
185.2 

135.5 
123.9 

242.6 
236.4 

94.8 
88.4 
78.5 

155.2 
140.2 

At locus D5Mit201.1 only the allele corresponding to that of BALB/c was detected.  

 

 

 Table 5. SSLP analysis of the LLC, PU5-18, and MBT-2 mouse 

cell line 

Sample 
D1 

Mit159.1 

D2 

Mit395.1 

D4 

Mit170.1 

D5 

Mit201.1 

D13 

Mit256.1 

D17 

Mit51.1 

C57BL/6 203.2 129.7 226.0 98.9 100.3 157.3 

LLC 203.4 129.7 226.1 98.4 98.5 157.0 

BALB/c 141.8 135.5 242.5 94.9 88.3 155.1 

PU5-18 141.5 135.0 242.5 94.2 87.6 155.0 

C3H/He 185.1 123.8 236.4 92.5 78.4 140.1 

MBT-2 184.7 123.2 236.3 92.2 77.8 139.8 

The mouse strains from which the cell lines originated were not registered by the 

depositors. The SSLP analysis indicated that they were derived from C57BL/6, 

BALB/c, and C3H/He, respectively.  

 

 

Table 7. Misidentification of a cell line identified using SSLP 

analysis 

Sample 
D1 

Mit159.1 

D2 

Mit395.1 

D4 

Mit170.1 

D5 

Mit201.1 

D13 

Mit256.1 

D17 

Mit51.1 

C57BL/6 203.2 129.7 226.0 98.9 100.3 157.3 

TSt-4 142.0 135.5 242.7 94.5 88.4 152.3 

BALB/c 141.8 135.5 242.5 94.9 88.3 155.1 

The mouse cell line TSt-4 was registered as a C57BL/6-derived cell line, but our 

SSLP analysis showed it was derived from the BALB/c strain.  
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The C57BL/6N and C57BL/6J substrains were shown to have 11 

single nucleotide polymorphisms (SNPs) in a study using mouse 

MD Linkage Panel 1449 SNPs (Illumina)
24

. It is therefore possible to 

distinguish cell lines derived from the C57BL/6N and C57BL/6J 

substrains using these 11 SNP. 

 

The relatively high rate (4.2%) of misidentification of cell lines 

derived from common inbred mouse strains strongly suggests that 

intra-strain misidentification is also likely to have occurred. For 

example, although a cell line may be registered as being derived 

from colon cancer cells, an error may have occurred and the cell 

line was actually derived from another cancer (a similar 

phenomenon also applies to human cell lines). It is impossible to 

identify the originating tissue by microsatellite polymorphism 

analysis. In this context, a profiling analysis based on gene 

expression using many cell lines may be useful for authenticating 

the originating tissues of cultured cell lines. 

 

 

Conclusion and Prospects 
 

We have established a simple and reliable method to identify the 

common inbred mouse strains from which cultured mouse cell lines 

are derived. With respect to intra-strain misidentification, such as 

errors regarding the originating tissue type, it will be necessary to 

develop other analytic techniques, for example, gene expression 

profiling analysis. Other types of OMICS analysis, such as whole 

genome sequencing, will also be useful for authentication of cell 

lines. In this context, bioinformatics will become increasingly 

important for the quality control of cultured cell lines. 

 

 

Materials and Methods 

 

Mouse cell lines 

All mouse cell lines that the Cell Engineering Division of the 

RIKEN BioResource Center (http://www.brc.riken.jp/lab/cell/ 

english/) has collected, 342 cell lines in total, were subjected to 

SSLP analysis. We selected the latest preserved stock cells and 

those that were preserved immediately after deposition (token stock 

cells) for this analysis. 

 

DNA preparation 

DNA was prepared from approximately 2×10
6
 cells using the 

DNeasy Blood & Tissue Kit (Qiagen, Hilden, Germany). 

 

SSLP analysis 

Multiplex PCR reactions for the SSLP analysis were carried out 

using the following fluorescent dye-linked primers (Mouse Mapping 

Primers, Life Technologies, Carlsbad, CA, USA): D1Mit159.1 (VIC) 

on chromosome 1, D2Mit395.1 (6-FAM) on chromosome 2, 

D4Mit170.1 (6-FAM) on chromosome 4, D5Mit201.1 (VIC) on 

chromosome 5, D13Mit256.1 (NED) on chromosome 13, and 

D17Mit51.1 (NED) on chromosome 17. VIC, 6-FAM, and NED are 

green, blue, and yellow fluorescent dyes, respectively. 

 

PCR was performed with 2.4 l of genomic DNA (25 ng/ l) and 

1.25 units AmpliTaq Gold (Applied Biosystems, Foster, CA, USA) in 

a 15 μl reaction volume using the GeneAmp PCR system 9700 

(Applied Biosystems). Samples were amplified under the following 

conditions: an initial incubation at 95°C for 12 min was followed by 

10 cycles of 94°C for 20 sec, 55°C for 20 sec, 72°C for 30 sec, and 

20 cycles of 89°C for 20 sec, 55°C for 20 sec, 72°C for 30 sec, and 

finally incubation at 72°C for 10 min. 

 

Labeled products were detected by electrophoretic size 

fractionation on an ABI PRISM 310 Genetic Analyzer (Applied 

Biosystems). A size control PCR was performed and the products 

were subjected to electrophoretic size fractionation as an internal 

control with each analysis. The end result for each cell line was an 

electropherogram with each allele represented as one or two peaks. 

As expected, one peak was detected at each locus in cell lines 

derived from inbred mouse strains. Samples that failed to give 

measurable peaks at all loci were reanalyzed using a different 

concentration of DNA or using newly prepared DNA. 
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