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Abstract

Fibroblasts and lymphoblastoid cell lines (LCLs) derived from individuals with spinal muscular 

atrophy (SMA) have been and continue to be essential for translational SMA research. 

Authentication of cell lines helps ensure reproducibility and rigor in biomedical research. This 

quality control measure identifies mislabeling or cross-contamination of cell lines and prevents 

misinterpretation of data. Unfortunately, authentication of SMA cell lines used in various studies 

has not been possible because of a lack of a reference. In this study, we provide said reference so 

that SMA cell lines can be subsequently authenticated. We use short tandem repeat (STR) 

profiling and digital PCR (dPCR), which quantifies SMN1 and SMN2 copy numbers, to generate 

molecular identity codes for fibroblasts and LCLs that are commonly used in SMA research. 

Using these molecular identity codes, we clarify the familial relationships within a set of 

fibroblasts commonly used in SMA research. This study presents the first cell line reference set for 

the SMA research community and demonstrates its usefulness for re-identification and 

authentication of lines commonly used as in vitro models for future studies.
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1. INTRODUCTION

Translational research requires the use of cell culture models of disease which are 

established from tissue samples from patients. Disease-specific human cell lines must be 

correctly identified so as to enhance reproducibility and experimental rigor. 

Misidentification of cell lines can have a major negative impact on translational research [1–

3]. Up to 15% of human cell lines are believed to be either misidentified or contaminated 

with other cell lines [4;5]. Mislabeling, cross-contamination by another cell line or genetic 

changes caused by repeated passaging can all lead to cell line misidentification [6]. Cell line 

authentication, which is meant to prevent incorrect interpretation of data generated from 

misidentified cell lines, is becoming a requirement for federal funding and for publication. 

We must have a molecular identity code for a given cell line in order to authenticate it.

Short tandem repeat (STR) profiling is one of the most commonly used techniques for 

generating a specific molecular identity code [7–10]. This assay amplifies a set of 

polymorphic microsatellite, or STR, markers and then resolves the PCR products by 

capillary electrophoresis size fractionation [11]. STR profiling has strong discriminatory 

power even with degraded DNA samples and is able to resolve mixtures of DNA [12]. 

Furthermore, the data generated is not dependent on one specific testing platform making 

this assay very powerful for forensic analysis—its original purpose—and for cell line 

identification or authentication.

While most of the effort in cell line authentication has focused on cancer, identification and 

authentication of cell lines derived from patients with rare monogenic disorders are equally 

important to standardize, especially since these biospecimens being so rare are usually 

shared across many laboratories. One such disorder is spinal muscular atrophy (SMA), an 

autosomal recessive motor neuron disease that is a leading genetic cause of infant mortality 

[13;14]. However, as is the case for many neurodegenerative disorders, SMA has a wide 

range of phenotypes. SMA is caused by the loss of SMN1 (survival motor neuron 1) but 

retention of the duplicate gene SMN2. The clinical severity of SMA is inversely related to 

the number of SMN2 copies, i.e. patients with higher SMN2 copy numbers have a less 

severe clinical presentation of this disease (reviewed in [15]). Many important advances in 

understanding the molecular pathology of SMA and the impact of SMN2 dosage on severity 

have been validated using patient-derived cell lines [16–22]. SMA fibroblast lines have been 

converted into induced pluripotent stem cell lines subsequently used to characterize human-

derived SMN1-deleted neural cells in culture [23–26]. Drug discovery efforts to identify 

small molecule inducers of SMN2 expression and modulators of alternative splicing have 

relied on the use of SMA patient cell lines [27]. In fact, the discovery of nusinersen 

(Spinraza, ISIS-SMNRx or ISS-N1), the first FDA-approved SMA drug, was made using 

SMA fibroblast lines [28].
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Due to their importance as in vitro disease models for SMA, it is essential to authenticate 

patient-derived cell lines in order to ensure reliability and reproducibility. Unfortunately, 

STR profiles for the commonly used SMA cell lines are not currently available and thus cell 

line authentication is not possible. Furthermore, accurate copy number determination of 

SMN2—as measured with array digital PCR (dPCR) [21]—has not yet been reported for 

specific SMA cell lines. In this study, we generate molecular identity codes based on STR 

profiling and dPCR copy number measurements for SMA fibroblasts and lymphoblastoid 

cell lines (LCLs) that are commonly used in SMA research. The set of unique molecular 

identity codes can serve as a reference to re-identify or authenticate cell lines in future 

studies which will enhance standards for rigor and reproducibility.

2. MATERIAL AND METHODS

2.1 Cell Lines

Those fibroblast and LCLs cell lines with GM or UMB prefixes were purchased from 

Coriell Cell Repositories (Camden, NJ) or the NICHD Brain and Tissue Bank for 

Developmental Disorders at the University of Maryland (Baltimore, MD). The fibroblast 

lines with a TC prefix were obtained from Johns Hopkins University (Baltimore, MD), those 

with a KS prefix from the University of Utah (Salt Lake City, UT) and those with an AIDHC 

prefix from Nemours/Alfred I. duPont Hospital for Children (Wilmington, DE). The 

fibroblast lines generated at Nemours were either obtained from the Molecular Diagnostics 

Laboratory or established in the Motor Neuron Diseases Research Laboratory using standard 

procedures [29].

2.2 Ethics Statement

For those cell lines obtained from non-commercial sources, biospecimens were obtained 

after written consent or assent and parental permission. This study was approved by the 

specific Institutional Review Boards. These cell lines were de-identified so that no protected 

health information is known for these lines. Available information regarding phenotype and 

genotype is generally limited to gender, SMN1 deletion/mutation status, SMN2 copy 

number and SMA type.

2.3 Cell Line Maintenance

In this study, we used 24 type I SMA, 23 type II SMA, 11 type III SMA and 26 healthy 

control fibroblasts and LCLs. The lowest passage number stock vial was used for each cell 

line. All cell lines were maintained in a humidified 37°C incubator with 5% CO2. 

Fibroblasts were maintained in Dulbecco’s modified essential medium (DMEM; Life 

Technologies, Grand Island, NY) supplemented with 10% fetal bovine serum (EquaFETAL; 

Atlas Biologicals, Fort Collins, CO), 2 mM L-glutamine (Life Technologies) and 1% 

penicillin-streptomycin (Life Technologies). LCLs were maintained in RPMI-1640 medium 

(Life Technologies) supplemented with 15% EquaFETAL, 2 mM L-glutamine and 1% 

penicillin-streptomycin. Cell pellets were collected from each line within 3 passages.
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2.4 Genomic DNA Isolation

Genomic DNA was isolated from cell pellets using the Gentra Puregene Cell Kit (QIAGEN, 

Germantown, MD) as described previously [21]. Yield was measured with a ND-2000C 

NanoDrop spectrophotometer (Thermo Fisher Scientific, Waltham, MA). Double-stranded 

DNA concentrations were measured using the Qubit dsDNA Broad Range Assay (Life 

Technologies) as recommended by the manufacturer.

2.5 Digital PCR (dPCR)

SMN1 and SMN2 copy numbers for each sample were determined using the QuantStudio 

3D Digital PCR System (Life Technologies) as described previously [21]. SMN1 and SMN2 
copy numbers were normalized against those for RPPH1, as its copy number does not vary 

in the human population [30]. The testers were blinded to the subject identities of the cell 

lines until after analysis.

2.6 Short Tandem Repeat (STR) Profiling

2 ng gDNA were processed for STR profiling using the AmpFISTR Identifiler PCR 

Amplification kit (Life Technologies) according to the manufacturer’s direction. This kit 

includes 15 polymorphic microsatellite markers and the XY chromosome-specific marker 

amelogenin (AMEL). After PCR amplification, the samples were analyzed on the ABI 

3130xl Genetic Analyzer (Life Technologies) using the GeneMapper v5.0 software (Life 

Technologies). The testers were blinded to the subject identities of the cell lines until after 

analysis.

2.7 Comparison of STR Profiles

To compare the STR profiles of two unrelated samples, an identity score based on the 

Tanabe algorithm [31]—also known as the Sørensen similarity index—was calculated using 

the following equation [10;32]:

Two samples are considered identical if their identity score is greater than or equal to 0.95 

and are considered to be unrelated if their identity score is less than 0.50.

3. RESULTS

3.1 Cell Line Identification of SMA Fibroblasts and LCLs

To provide a reference standard for cell line authentication of cell lines commonly used in 

SMA research, we genetically identified 58 SMA and 26 control cell lines—fibroblasts and 

LCLs—using array dPCR and STR profiling. This collection of cell lines originated from 

five different sources. SMN1 and SMN2 copy numbers are shown for type I, type II and type 

III SMA cell lines as well as for healthy controls in Tables 1, 2, 3 and 4, respectively. The 

SMN1 and SMN2 copy numbers for those cell lines from Coriell Cell Repositories have 

recently been reported elsewhere [33]. All SMA cell lines tested lacked SMN1 except for the 

type III SMA fibroblast line AIDHC-SP31 which contains an intragenic missense mutation 
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(SMN1c.38C>G; SMN1p.A2G) [21;34]. As mentioned previously [21], there is a strong 

inverse relationship between SMN2 copy number and SMA disease severity.

We analyzed the STR profiles of all of the samples using 16 different loci. To protect the 

identity of the subjects, 9 microsatellite markers at different loci, hereafter referred to as the 

core loci, were used to report on the identity of a given sample [32]. These core loci are 

AMEL (X:p22.1-22.3; Y:p11.2), CSF1PO (5q33.3-34), D7S820 (7q11.21-22), D13S317 

(13q22-31), D16S539 (16q24-qter), TH01 (11p15.5), D5S818 (5q21-31), TPOX 

(2p23-2pter) and vWA (12p12-pter). The core STR profiles for type I, type II and type III 

SMA cell lines as well as for healthy controls are provided as a reference for cell line 

authentication in Tables 1, 2, 3 and 4.

Using all 16 markers, the STR profiles revealed that each cell line is derived from a unique 

individual, except for AIDHC-13010 and AIDHC-15224. Comparison of the STR profiles of 

these two lines yielded an identity score of 1.00 showing that AIDHC-13010 and 

AIDHC-15224 arose from the same subject. Upon unblinding of the data, it was revealed 

that indeed these two fibroblast lines are derived from the same type II SMA patient but 

were established from separate skin samples collected at different times.

3.2 Using STR Profiling to Determine Familial Relationships Between SMA Cell Lines

STR profiling can be used to determine the filial relationship between cell lines within a 

family. To show a familial relationship, each marker locus of the child will share one allele 

with each parent. Within the NIGMS Collection, there is one SMA family (#3042; Figure 

1A) where the affected, presumably with type I SMA, child (GM23686) and her parents 

(GM23687 and GM23688) are represented as LCLs. GM23686, GM23687 and GM23688 

cells have SMN1:SMN2 copy numbers of 0:2, 1:2 and 1:2, respectively (Tables 1 and 4) 

confirming that GM23686 has SMA (loss of SMN1 and at least 1 copy of SMN2) and that 

GM23687 and GM23688 are carriers (1 copy of SMN1). GM23686, as expected, shared an 

allele for each of the 16 marker loci with both GM23687 and GM23688. GM23687 and 

GM23688 are not related based on their identity score (0.32). Allelic sharing between the 

parents and the affected child is shown at the D8S1179 (Figure 1B), as a representative 

example of the allele sharing observed at all 16 loci.

3.3 Using Array Digital PCR and STR Profiling to Verify Identity of SMA Cell Lines

While fibroblasts derived from family #553 in the NIGMS Collection are some of the most 

widely used cell culture models for SMA (Figure 2A), there has been some controversy 

about the identity of some of the cell models originating from this family. GM03813 

fibroblasts were derived from a type II male SMA patient and GM03814 and GM03815 

originate from his carrier parents [35]. However, Wan and colleagues [36] concluded, based 

on their snRNP assembly data, that GM03815 was in fact derived from the affected brother 

of GM03813 rather than his father.

To resolve this reported discrepancy, we used array digital PCR as well as STR profiling to 

clarify the filial relationships between these cell lines. GM03813, GM03814 and GM03815 

cells have SMN1:SMN2 copy numbers of 0:3, 1:5 and 1:1, respectively (Tables 2 and 4). 

Copy number measurements rule out mislabeling of the cell lines and demonstrate that 
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GM03813 is indeed the affected individual and GM03815 is a carrier. The full STR profiles 

demonstrate that the parental cell lines are from different, unrelated individuals (identity 

score = 0.42) thereby ruling out GM03815 being the child of GM03814. GM03813 shared 

an allele for each marker locus with both GM03814 and GM03815 proving that he is the 

child of these parental cell lines. As an example, the inheritance pattern of the D21S11 

marker is shown in Figure 2B. Based on these results, GM03815 is the carrier father of 

GM03813 and not its sibling as reported in Wan et al. [36].

4. DISCUSSION

Human cell lines have driven biomedical research by serving as cell culture models for 

disease. Misidentification of cell lines by mislabeling or cross-contamination is problematic 

and costly for researchers [2]. It is, therefore, essential to authenticate these cell lines prior 

to starting any experimental studies so as to ensure reproducibility and rigor. In fact, the 

National Institutes of Health Office of Extramural Research is now requiring authentication 

of cell lines used in biomedical research as part of their efforts to enhance reproducibility 

([37]; Notice Number: NOT-OD-15-103). Cancer cell lines have received the most attention 

with respect to cell line authentication [4] but it is equally important to authenticate cell lines 

derived from individuals with rare monogenic disorders. Using dPCR and STR profiling, we 

generated unique molecular identity codes for SMA fibroblasts and LCLs that are commonly 

used in this field of research.

STR profiling is the most widely used assay for cell line identification and authentication. In 

fact, it is the standard tool used by the American National Standards Institute (ANSI) and 

the American Type Culture Collection (ATCC) [12]. Single nucleotide polymorphism (SNP) 

profiling has also been used for cell line authentication [38;39]. When comparing these two 

approaches, Yu et al. [10] observe higher identity scores between two cell lines using SNP 

profiling when compared against STR profiling. The differences observed between these 

assays are likely due to the greater number of potentially informative sites using SNP 

profiling. While microsatellite instability may also more adversely affect STR analysis than 

SNP analysis [40], none of the STR markers used in this study are prone to microsatellite 

instability. Additionally, STR profiling is less costly to run than SNP arrays which is a 

primary reason for STR profiling being the standard tool for cell line authentication.

SMN2 is an endogenous genetic modifier of SMA disease severity in that higher SMN2 
copy numbers are found in SMA patients with milder clinical phenotypes [15]. Because of 

this inverse relationship, SMN2 copy number is being used as a criterion for inclusion in 

SMA clinical trials. dPCR can accurately measure copy number variations found in many 

pediatric-onset disorders including SMA [41]. We and others have demonstrated that dPCR 

provides an accurate and reliable measurement of SMN2 copy number [21;42]. Because of 

the importance of SMN2 in translational and clinical SMA research, its copy number needs 

to be accurately measured in cell culture models for SMA. For this reason, we included 

SMN2 copy number—as well as SMN1 for our non-SMA control lines—as part of our 

molecular identity code for each cell line.
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In addition to ensuring correct molecular identity of a cell line, it is important to have the 

correct clinical information about this line. There are currently no molecular markers that 

can definitively identify the clinical severity of SMA although there is a very strong, but not 

absolute, inverse relationship between SMN2 copy number and clinical severity [15]. As a 

result, clinical severity information must be provided by the depositor of the cell line in 

question. This information needs to also be correctly curated by the depositor and anyone 

using this cell line. For example, GM03813 SMA fibroblasts have been used by many 

groups as a cell culture model for SMA. Unfortunately, this cell line has been mislabeled as 

a type I SMA fibroblast in the vendor’s database and this incorrect identification has been 

reflected in multiple studies, including [23;43]. GM03813 cells were actually derived from a 

three year-old male diagnosed with type II SMA [35] and our SMN2 copy number analysis 

performed using dPCR corroborate the clinical findings by revealing a higher SMN2 copy 

number than expected of a patient with type I SMA. In addition, both STR profiling and 

dPCR analysis of GM03813 and GM03815 cell lines helped resolve a controversy regarding 

the familial relationship between these two lines [36], i.e. GM03815 is the carrier father of, 

as opposed to the affected brother of, GM03813. We propose that when working with related 

SMA cell lines, they be correctly authenticated by STR profiling and dPCR as well as 

correctly identified with respect to their curated clinical severities.

In summary, we have developed a two-step approach to generate molecular identity codes 

for human fibroblast and LCLs used in SMA research. This approach uses dPCR to 

accurately measure SMN1 and SMN2 copy numbers and STR profiling to provide a unique 

molecular identity code for a human cell line. The molecular identity codes generated by this 

cell line identification approach will serve as a tool to ensure experimental rigor in SMA 

research.
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SMN2 survival motor neuron 2

SNP single nucleotide polymorphism

STR short tandem repeat
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HIGHLIGHTS

• SMA cell line authentification is essential for rigor and reproducibility

• STR profiling and dPCR can generate molecular identity codes for SMA cell 

lines

• GM03815 is the father of, as opposed to the brother of, GM03813
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Figure 1. Identification of familial relationships within family #3042 of the NIGMS Cell 
Collection using the D8S1179 microsatellite marker
(A) Pedigree analysis of family #3042. GM23686 was diagnosed with type I SMA. (B) 
Electrophoretograms showing the D8S1179 alleles for GM23686, GM23687 and GM23688.
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Figure 2. Identification of familial relationships within family #553 of the NIGMS Cell Collection 
using the D21S11 microsatellite marker
(A) Pedigree analysis of family #553. GM03813 was diagnosed with type II SMA and had a 

brother with the same SMA phenotype. (B) Electrophoretograms showing the D21S11 

alleles for GM03813, GM03814 and GM03815.
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