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A variety of analytical approaches have indicated that melanoma cell line UCLA-SO-M14 (M14) and breast carcinoma cell line

MDA-MB-435 originate from a common donor. This indicates that at some point in the past, one of these cell lines became

misidentified, meaning that it ceased to correspond to the reported donor and instead became falsely identified (through

cross-contamination or other means) as a cell line from a different donor. Initial studies concluded that MDA-MB-435 was the

misidentified cell line and M14 was the authentic cell line, although contradictory evidence has been published, resulting in

further confusion. To address this question, we obtained early samples of the melanoma cell line (M14), a lymphoblastoid cell

line from the same donor (ML14), and donor serum preserved at the originator’s institution. M14 samples were cryopreserved

in December 1975, before MDA-MB-435 cells were established in culture. Through a series of molecular characterizations,

including short tandem repeat (STR) profiling and cytogenetic analysis, we demonstrated that later samples of M14 and MDA-

MB-435 correspond to samples of M14 frozen in 1975, to the lymphoblastoid cell line ML14, and to the melanoma donor’s

STR profile, sex and blood type. This work demonstrates conclusively that M14 is the authentic cell line and MDA-MB-435 is

misidentified. With clear provenance information and authentication testing of early samples, it is possible to resolve debates

regarding the origins of problematic cell lines that are widely used in cancer research.
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MDA-MB-435 Breast and M14 Melanoma Cell Lines
Share a Common Origin
The authenticity of two cell lines, MDA-MB-435 and UCLA-
SO-M14 (commonly referred to as M14), has been debated
in the scientific literature over many years (timeline: see
Fig. 1a). Questions were first raised regarding the tissue
origin of MDA-MB-435 in 2000, when cDNA microarray
analysis of the NCI-60 panel showed that the expression pat-
tern of the claimed breast carcinoma cells closely resembled
patterns seen in melanoma cell lines.1 Similar results were
reported by other laboratories.2 Subsequent analysis of multi-
ple samples of MDA-MB-435 showed that cell stocks in use
at different laboratories around the world shared common
expression patterns associated with melanoma.3

Numerous analytical approaches (karyotyping, compara-
tive genomic hybridization, microsatellite polymorphism
analysis, STR analysis, single nucleotide polymorphism (SNP)
analysis and bioinformatics analysis of gene expression) have
demonstrated that the MDA-MB-435 cell line shares a com-
mon origin with the M14 melanoma cell line.4,5 These studies
have concluded that MDA-MB-435 is misidentified and is in
fact a derivative of the M14 melanoma cell line.4,6–8

This conclusion, however, has been debated on the basis
of phenotypic evidence. MDA-MB-435 can express breast-
specific and epithelial-specific markers, leading to the conclu-
sion that it is derived from breast carcinoma and that expres-
sion of melanocyte-specific markers may be caused by lineage
infidelity,9,10 possibly as a normal property of freshly excised
mammary tumor tissue.11

The provenance of M14 and MDA-MB-435 was reviewed in
a 2009 letter, resulting in further concerns regarding the
authenticity of M14.12 The letter observed that the sex of origin
recorded for the two cell lines is different. M14 was derived
from a male and MDA-MB-435 from a female donor.13,14 Since
cytogenetic analysis had shown that MDA-MB-435 has an
XX karyotype, the author postulated that M14 may be the
misidentified cell line.12,15 However, not all evidence supports
this conclusion. Y-specific markers were recently detected in
MDA-MB-435 using the SNP TraceTM System, which includes
three X-specific and three Y-specific SNP loci.16

MDA-MB-435 Continues to be Widely Used
as a Breast Carcinoma Model
MDA-MB-435 and derivatives such as MDA-MB-435S
(ATCC HTB-129, a spindle-shaped variant of the parental

cell line) continue to be used extensively and described as
“breast carcinoma” in the scientific literature.6,8 For example,
in December 1992, MDA-MB-435 was added to the NCI-60
cell line panel for use in anticancer drug screening, where it
was initially described as a “breast” cancer cell line.17 STR
profiling of the NCI-60 panel later confirmed the shared
donor origin of these cells with M14.5

A recent search of PubMed using the search term “MDA-
MB-435” shows that the cell line was referred to in the title or
abstract of 1,205 publications between 1982 and 2016. MDA-
MB-435 was described as a breast cell line in 56% (123/221) of
recent publications between 2013 and 2016 (Fig. 1b). Many
laboratories have used MDA-MB-435 as a breast cancer model,
because of its rapid growth and ability to metastasize in
nude mice, to develop treatments for breast cancer, or to help
understand how breast cancers metastasize.7

Publications that cast doubt on the authenticity of M14
are frequently cited. For example, the letter referring to the
sex of origin of M14 and MDA-MB-43512 has been cited 159
times (Web of Science, July 25, 2017). It seems likely that
ongoing usage of both cell lines in the scientific literature has
been influenced by the lack of resolution of the debate
regarding the authenticity of the cell lines. Therefore, it is
important to explore the origins of M14 and MDA-MB-435
to see if this ongoing debate can now be resolved to the satis-
faction of the research community.

Material and Methods
Cell lines and culture conditions

The International Cell Line Authentication Committee (ICLAC)
obtained frozen samples corresponding to the M14 donor
(serum and cell lines), MDA-MB-435 and derivative MDA-MB-
435S. Samples were used for DNA extraction or culture.

Samples from the donor of M14 were requested from the
John Wayne Cancer Institute (JWCI) Sample Repository. The
Sample Repository informed us that serum and cell lines, but not
tissue samples, were maintained from this donor. Samples from
the M14 donor were first deposited in June 1973. The Specimen
Repository provided the following samples for testing:

1. One tube of donor serum, dated December 21, 1973.

2. Two vials of M14 (melanoma18), labeled as passage 14 and
15, both dated December 2, 1975. The M14 passage 15 vial
was thawed and approximately three quarters of the
sample was used for culture, with the remainder used for
DNA extraction. The M14 passage 14 vial was thawed and

What’s new?

A variety of analytical approaches have indicated that melanoma cell line M14 and breast carcinoma cell line MDA-MB-435

originate from a common donor, but there is ongoing debate regarding which is the misidentified cell line. Here, authentica-

tion testing of M14 from 1975 (prior to the establishment of MDA-MB-435), with comparison to donor serum and lymphoblas-

toid cell line ML14, shows that M14 is the authentic cell line and MDA-MB-435 is a misidentified derivative. With clear

provenance information and authentication testing of early samples, debates regarding the origins of problematic cell lines

that are widely used in cancer research can be resolved.
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used for DNA extraction to check that STR profiling data
were reproducible across both samples.

3. One vial of ML14 (synonymous lymphoblastoid cell line19),
dated January 9, 1998 with no passage number recorded.
The ML14 vial was thawed and used for culture and DNA
extraction.

Requests for M14 or ML14 cells may be made to the
JWCI Specimen Repository.

M14 (adherent culture) and ML14 cells (suspension cul-
ture) were grown at 378C and 5% CO2 in RPMI 1640 (Ther-
moFisher Scientific, New York, NY; catalogue number 10–04-
CV) with 10% fetal bovine serum (FBS) and 1% penicillin
and streptomycin. Mycoplasma testing was performed using
the e-Myco plus Mycoplasma PCR Detection kit (Bulldog
Bio, Portsmouth, NH; catalogue number 25234), a PCR-
based assay containing internal and sample controls. Myco-
plasma were not detected in M14 or ML14 cultures.

A sample of MDA-MB-435 was requested from the
authors of an earlier study that demonstrated breast-
differentiation specific markers in MDA-MB-435 cells.9 A

sample was provided for testing, dated 2000 and labeled “JP.”
A sample of MDA-MB-435S (HTB-129) was also requested
from ATCC. In response, ATCC provided cells (lot
60235534, passage 345), genomic DNA (lot 59887026, pas-
sage 345) and historical deposit information. The historical
deposit record noted that MDA-MB-435S (passage 233) was
deposited on April 6, 1982 by Dr Relda Cailleau at EG&G
Mason Research Institute, and later transferred to ATCC.

Immunostaining

M14 cells at passage 16 (one passage after thawing) were
plated on a slide and grown to 80% confluence. Slides were
fixed with formalin and immunohistochemistry performed
using the Melanoma Triple Cocktail stain (Ventana Medical
Systems, Tucson, AZ; catalogue number 790–4,677), a mix-
ture of three mouse monoclonal antibodies directed against
melanosome (HMB45), MART-1/Melan A (A103) and tyrosi-
nase (T311).20 Slides were processed using the Benchmark
XTVR automated stainer as described in the Supporting Infor-
mation Methods.

Figure 1. M14 and MDA-MB-435 timeline and recent publications. (a) Timeline of events in the establishment and analysis of M14 and

MDA-MB-435. Ref 5 citation from Reference list; JWCI 5 John Wayne Cancer Institute. (b) Usage of MDA-MB-435 in journal publications

between January 2013 and December 2016 (looking at date of hard copy publication). A search was conducted to look for “MDA-MB-435”

in the title or abstract, and available text was examined to classify usage as “breast” or “melanoma.” If authors described MDA-MB-435

more broadly as a cancer cell line, or lack of access to the full text meant that usage could not be determined, usage was classified as

“neither/indeterminant.”
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Genomic DNA and DNA extraction

DNA extraction for STR analysis from cultured cells was per-
formed using the Quick-gDNA MiniPrep kit (Zymo Research
Corporation, Valencia, CA; catalogue number D3024). DNA
extraction for ABO sequencing was performed using the
DNeasy Blood & Tissue kit, using the protocol for Total
DNA from Animal Blood or Cells (Qiagen, Valencia, CA;
catalogue number 69506). Pre-treatment was performed using
25 mL RNase A (100 mg/ml; catalogue number 19101) with
incubation at 568C for 10 min prior to purification. DNA
was eluted in 10 mM Tris-HCl, pH 8 and its concentration
and quality assessed by gel electrophoresis and spectrophoto-
metric measurement.

DNA extraction from serum was performed using a differ-
ent method that was previously shown to be effective for serum
samples. A detailed procedure and references are supplied in
the Supporting Information Methods section.

ABO sequencing

To examine the ABO gene locus, primers were designed to
amplify exon 6 of the human ABO locus. This region includes
nucleotide 261; deletion of this nucleotide occurs in individuals
that carry the O allele, resulting in a frameshift mutation.21

Primer sequences were as follows: forward, GCAGAAGCTGA
GTGGAGTTT; and reverse, TAACCCAATGGTGGTGTTCTG.

DNA from the M14 cell line was amplified using primers
at a final concentration of 0.4 mM and 300 ng of genomic
DNA. Cycle conditions were as follows: initial hold at 958C,
2 min; followed by 25 cycles at 948C, 30 sec; 648C, 1 min;
728C, 30 sec; followed by 15 cycles at 948C, 30 sec; 538C, 1
min; 728C, 1 min; followed by 10 min at 728C, with final
hold at 108C. The PCR products were treated with ExoSAP-
IT (Affymetrix USB, Cleveland, OH; catalogue number
78201) and submitted for DNA sequencing. Amplicons were
sequenced using a 3130 Genetic Analyzer with a BigDyeVR

Terminator v3.1 Cycle sequencing Kit (v3.1; catalogue num-
ber 4337455) and using POP7 (Applied Biosystems, Thermo-
Fisher Scientific).

STR and SNP genotyping

STR profiling to examine the core set of loci used for cell
line authentication22 was performed using the AmpFLSTRVR

IdentifilerV
R

kit, with a reduced volume modification of the
manufacturer’s instructions (Applied Biosystems, Thermo-
Fisher Scientific; catalogue number 4322288). IdentifilerV

R

data were obtained using an ABI 3730 genetic analyzer and
analyzed using GeneMapper 4.0 software (Applied Biosys-
tems, ThermoFisher Scientific). Percent match comparisons
were made using the Tanabe algorithm23,24; a step-by-step
workflow for profile comparison is set out in the Supporting
Information Methods.

X-Chromosome-specific STR loci were analyzed using a
DXS multiplex PCR, developed at the DSMZ. A detailed pro-
cedure for the DXS multiplex PCR is set out in the Support-
ing Information Methods. Control samples were included for

comparison from the male cell line CAKI-2, and the female
cell line A-204 (Supporting Information Table S3).

Y-Chromosome-specific STR loci and autosomal STR loci
were analyzed using PowerPlexVR Y23 and PowerPlexVR Fusion
6C Systems (Promega, Madison, WI), in accordance with the
manufacturer’s instructions.25,26 Data were analyzed using
GeneMapper ID-X v1.4.

SNP analysis was performed using the Fluidigm SNP
TraceTM Panel (Fluidigm, South San Francisco, CA; catalogue
number 100–6,280) as previously reported.16 Percent match
comparisons used the same workflow employed for STR
profiling. Allele calls for sex-specific SNP loci were confirmed
by direct PCR amplification and sequencing of the relevant
loci as described in the Supporting Information Methods.

Locations of all Y-STR and Y-SNP loci evaluated in the
current study are shown in Supporting Information Figure S1.

G-banding and fluorescence in situ hybridization (FISH)

analyses

Cells were harvested after incubation with Colcemid (0.05
mg/mL) for 2 hrs. Cells were detached using trypsin-EDTA,
treated with KCl hypotonic solution, fixed, and dropped onto
a pre-cleaned slide. FISH was performed with the Vysis CEP
X SpectrumOrange/Yq12 SpectrumGreen probe set (Abbott
Molecular, Des Plaines, IL; catalogue number 07J22–050)
using standard methodology, as previously described.27 The
FISH probe set included a CEP X probe recognizing homol-
ogy to the Xp11-q11 centromeric region (rich in satellite I
DNA) and a Yq12 probe recognizing homology to the
heterochromatic Yq12 region (rich in satellite III DNA).

G-banding was performed also with standard methodol-
ogy28 using trypsin and Leishman’s staining (GTL). Sequen-
tial G-banding and FISH were carried out by completely de-
staining the GTL-stained slide after banding analyses through
incubations in ethanol and 3:1 methanol: acetic acid fixative
for 4 hrs and then performing FISH as described. Chromatin
was counterstained in 0.3 mg/mL DAPI in mounting medium
(Vector Laboratories, Burlingame, CA; catalogue numbers H-
1000 and H-1200).

Results
Cell line provenance shows that M14 was established

before MDA-MB-435

The International Cell Line Authentication Committee
(ICLAC) maintains a list of known misidentified cell lines
based on testing and known provenance (http://iclac.org/
databases/cross-contaminations/). The debate, and ensuing
confusion surrounding M14 and MDA-MB-435, prompted
the committee to review the scientific literature in an attempt
to verify the provenance of these two cell lines.

M14 was reported to be established at the University of
California Los Angeles (UCLA) from a 33-year-old patient
with metastatic melanoma; tissue was removed from an ame-
lanotic lesion on the right buttock. A specific date was not
recorded in the literature for commencement of M14 culture.
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The first journal article to describe the M14 cell line was sub-
mitted for publication on July 7, 1975.18 The donor was
reported to be a male with blood type O.13

Further review of M14 publications showed that at least
two other synonymous cell lines were established from the
same donor. ML14 was cultured from the donor’s lympho-
blasts and immortalized by transfection with EBV; MF14/
SV40 was cultured from skin cells and immortalized with
SV40 virus.19 In the 1970s, the originating laboratory per-
formed authentication testing on synonymous cell lines M14,
ML14 and MF14/SV40 using HLA analysis. Results were con-
sistent with a shared origin from the same donor.19

MDA-MB-435 was reported to be established at the MD
Anderson Hospital and Tumor Institute from a 31-year-old
female patient with metastatic breast carcinoma and were
placed into culture on January 23, 1976.14,29 Isoenzyme anal-
ysis was performed to exclude HeLa contamination14; other
donor characteristics, such as blood type, were not reported.

Based on our literature review of provenance, we con-
cluded that M14 was in culture for at least 6 months before
MDA-MB-435 was established (Fig. 1a). Although authenti-
cation testing was performed in the 1970s using HLA analy-
sis, showing that M14 corresponded to two synonymous cell
lines,19 our literature analysis did not exclude the possibility
that M14 became misidentified after January 1976 when
MDA-MB-435 was placed into culture. We therefore
attempted to contact the originators of both cell lines or their
institutions, to ask for further information and samples for
testing. In the case of MDA-MB-435, additional information
about the patient (e.g., blood type) was not available from the
MD Anderson Cancer Center.

The originator of M14, Donald Morton, was instrumental
in establishing a Specimen Repository at JWCI.30 We there-
fore approached JWCI, which confirmed that M14 and other
samples from this donor were still held by this Repository.
Their records indicate that M14 was established from a 33-
year-old male who was diagnosed with primary melanoma in
mid-1971. The primary tumor was an ulcerated lesion (thick-
ness unknown) located on the patient’s upper back. Stage III
disease was diagnosed four months later and Stage IV disease
in 1972. The patient was first seen by Dr. Morton’s group in
1973 and samples deposited in the Specimen Repository from
June 1973. The sample used to establish M14 was obtained
from an amelanotic metastatic lesion removed from the
patient’s right buttock. The patient received multiple courses
of chemotherapy including fluorouracil, doxorubicin, cyclo-
phosphamide and methotrexate; he died from metastatic mel-
anoma in late 1974.

M14 cells from 1975 express melanoma markers and are

blood type O

Two vials of M14 (passages 14 and 15) and other samples
from this donor were provided by the JWCI Specimen
Repository for analysis. The M14 vials were both dated
December 2, 1975, 7 weeks before MDA-MB-435 cells were

first placed into culture (Fig. 1a,14). M14 cells were thawed
and used for cell culture and DNA extraction. Cells grew
well in culture and displayed a spindle-shaped morphology,
similar to publicly available images for MDA-MB-435S (Figs.
2a and 2b; ATCC catalogue entry, HTB-129).

Immunostaining was performed on the M14 cell line (one
passage after thawing) to evaluate expression of melanoma-
specific markers. A pan-melanoma antibody cocktail was
used, which is commonly employed for melanoma diagno-
sis.20 M14 cells demonstrated weak to moderate staining
(Figs. 2c and 2d), which is consistent with the original sample
being from an amelanotic lesion. A melanoma tissue sample,
used as the positive control, resulted in strong staining (data
not shown).

DNA was extracted from M14 cells (December 1975 sam-
ples and one passage after thawing) to evaluate donor charac-
teristics. The donor was reported to be male, a finding that
did not concur with karyotypic analysis12; donor sex is exam-
ined below. The donor was also reported to be blood type
O.13 To examine blood type, M14 DNA was amplified and
sequenced, looking for the single base deletion in exon 6 that
determines blood type O.21 The sequence from M14 showed
that it was homo- or hemizygous for a single base pair dele-
tion at nucleotide 261 (Fig. 2e), typically seen in individuals
who carry the O allele.21 This is consistent with the donor’s
reported status as blood type O.13

M14 DNA was also tested for a BRAF mutation, V600E,
which is present in 50–70% of melanoma cases.31 BRAF exon
15 was amplified, sequenced and codon 600 was found to be
heterozygous for this mutation in M14 (data not shown).
The BRAF V600E mutation has been documented in the
M14 cell line previously.15,32

We concluded that M14 immunostaining, BRAF status
and blood type are consistent with the reported tissue type
and donor characteristics. However, these characteristics
alone were insufficient to conclude that M14 cells were
derived from the reported donor. To exclude misidentifica-
tion, it is important to use authentication testing to compare
M14 to other samples from the same donor.

M14 genotyping corresponds to donor serum,

ML14 and MDA-MB-435 cells

We asked JWCI if synonymous cell lines19 or other donor
material were archived in the Sample Repository; a vial of
lymphoblast cell line ML14 and an aliquot of donor serum
were provided for testing. STR profiles were generated from
M14 and ML14 using the IdentifilerVR kit, which includes 15
autosomal STR loci plus amelogenin for sex determination.
Despite containing low amounts of DNA, DNA was success-
fully extracted from donor serum and an STR profile gener-
ated (see Supporting Information Methods for detail).

Serum DNA from the melanoma donor was found to cor-
respond to M14 and ML14 (Table 1). Comparison to donor
serum across 16 loci (15 STR loci plus amelogenin) resulted
in percent match values of 95% for ML14 and 93% for M14
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(Supporting Information Table S1). These results demon-
strated a common donor origin for all samples, based on
established cell line match criteria.22–24

Serum DNA from the melanoma donor also corresponded
to early samples of MDA-MB-435 and MDA-MB-435S
(Table 1, Supporting Information Table S1). MDA-MB-435
cells were dated 2000 and labeled “JP”; the label suggests that
cells were obtained from the laboratory of Dr Janet Price.9

MDA-MB-435S cells were provided by ATCC and were
deposited by the originator in 1982. Comparison to donor

serum across 16 loci (15 STR loci plus amelogenin) resulted
in percent match values of 87% for MDA-MB-435 and 85%
for MDA-MB-435S, consistent with a common donor origin
for all samples.22–24

Looking more broadly, we compiled a dataset of 29 STR
profiles from our testing and others’ publications, looking for
MDA-MB-435 and any cell lines corresponding to M14
donor serum (Supporting Information Table S1). STR profiles
included an early sample from the MD Anderson Character-
ized Cell Line Core Facility, tested in 2009. All STR profiles

Figure 2. Characterization of M14 using Immunostaining and ABO Analysis. (a–b) Representative images of M14 cells in culture. Scale bars,

100 mm. (c–d). Immunostaining of M14 cells using a pan-melanoma antibody cocktail. Antibodies are directed against melanosome

(HMB45), MART-1/Melan A (A103) and tyrosinase (T311). Cells displayed abundant cytoplasm and were multinucleated; some apoptotic

cells were noted, as indicated by the arrows. Scale bar in C, 10 mm; scale bar in D, 20 mm. (e) ABO sequence demonstrating blood type O.

Upper panel, sequence reported previously for A or B alleles and sequence reported for the O allele.21 Lower panel, forward and reverse

sequence from M14 sample (passage 16, derived from passage 15 from December 2, 1975). Identical sequence results were obtained from

ML14 and MDA-MB-435S samples (data not shown).
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corresponded to serum from the M14 donor; none of the
STR profiles from MDA-MB-435 exhibited a different donor
origin.

Variations were observed at some STR loci across our cell
line dataset. Loss of heterozygosity was present in all cultured
samples compared to donor serum, which is a common
observation for cell line STR profiles.22 STR profiles from
MDA-MB-435 samples displayed increased loss of heterozy-
gosity when compared to donor serum, ML14 and M14
(Supporting Information Table S1). This finding is consistent
with MDA-MB-435 being a derivative cell line at later
passage. In contrast, ML14 displayed a triallelic pattern at the
D13S317 and FGA STR loci. A triallelic pattern at some
STR loci is not uncommon for cell lines22 and has been
documented previously in lymphoblastoid cell lines, particu-
larly at the FGA locus.33

Sex-specific markers are of particular interest, considering
that M14 is reported to come from a male donor and MDA-
MB-435 from a female donor. STR profiles typically include
amelogenin, using AMELX and AMELY for sex determina-
tion.22 Donor serum and ML14 carried AMELX and AMELY;
M14 and MDA-MB-435S carried only AMELX (Table 1).

To assess concordance between test methods, SNP geno-
typing was performed on M14, ML14 and MDA-MB-435S
DNA. The SNP TraceTM System was used because it contains
sex-specific SNP loci and published data are available for
MDA-MB-435.16 Serum DNA was not available at the time
this analysis was performed, so ML14 DNA was selected as a
reference sample (Supporting Information Table S2). Com-
parison across 96 SNP loci resulted in percent match values
of 97% when comparing M14 to ML14, and 91–92% when
comparing MDA-MB-435S to ML14 (Supporting Information
Table S2), confirming a common donor origin for these
samples. Loss of heterozygosity was observed and was more
evident in MDA-MB-435 samples compared to ML14 and
M14 (Supporting Information Table S2), consistent with
MDA-MB-435 being a later passage derivative.

Sex-specific SNP loci were examined in closer detail. One
X-specific locus, hu103X (rs525869), was called as heterozy-
gous in ML14, M14 and MDA-MB-435S (A:G, Supporting
Information Table S2). We explored this finding further by
performing PCR amplification and sequencing of the hu103X
locus. Sequences from ML14, M14 and MDA-MB-435S were
found to contain a single SNP variant (G, Supporting Infor-
mation Fig. S2), indicating that the allele call from the SNP
TraceTM System was incorrect in this instance. Two other
X-specific SNP loci, hu107X and hu109X, were called as
homo- or hemizygous and these results were confirmed by
sequencing. The SNP TraceTM System also contains three
Y-specific SNP loci, which were previously detected in a sam-
ple of MDA-MB-435.16 In our hands, Y-specific SNP loci
were detected in ML14, but not in M14 or MDA-MB-435S.
We confirmed this result by using conventional PCR to
amplify three Y-SNP loci used in the SNP TraceTM System
and additional autosomal controls. Autosomal loci wereTa
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detected in ML14, M14 and MDA-MB-435S cells; Y-specific
SNP loci were detected only in ML14 (Supporting Information
Fig. S3).

We concluded that the STR and SNP profiles previously
reported for M14 and MDA-MB-4354,5,16 correspond to
serum from the M14 donor, a synonymous lymphoblastoid
cell line, and samples of M14 cryopreserved the year before
MDA-MB-435 was established. This evidence is sufficient to
conclude that MDA-MB-435 is misidentified and M14 is
authentic. Loss of Y-specific loci in M14 and MDA-MB-435S
was also noted, making donor sex difficult to discern in the
absence of other donor material. Although loss of Y-specific
markers is common in cell culture,5,24 we then investigated
the previously reported XX karyotype12,15 and examined
other methods that might be used for sex determination.

M14 cells have detectable Y chromosomal

material by cytogenetic analysis

Cytogenetic analysis of the M14 cell line was undertaken to
better understand the finding that MDA-MB-435 has an XX
karyotype.12,15 Initially, to evaluate X- and Y-chromosomal
material dual-color FISH was performed with a CEP X probe
that has homology to the Xp11-q11 centromeric region (rich
in satellite I DNA) and the Yq12 probe that has homology to
the heterochromatic Yq12 region (rich in satellite III DNA).

Both centromeric X- and Yq12-chromosomal material
were detected in M14 (Fig. 3a–3d). Interphase analysis of 100
nuclei showed an average count of 2.4 copies per nucleus for
centromere X signals and 1.9 copies for Yq12 signals. Meta-
phase analyses identified two distinct derivative chromosomes
carrying the Yq12 sequences (e.g., Figs. 3c and 3d), the
shorter derivative being more common than the longer deriv-
ative. Sequential G-banding and FISH analysis revealed the
shorter derivative as der(22)t(Y;22)(q12;p11), with the Yq12
material translocated to the short arm of chromosome 22
(Figs. 4a and 4c). The rare, longer derivative, also carrying
Yq12 sequences, was not present in the metaphases analyzed
by GTL-banding and FISH.

To determine whether the M14 Y/22 translocation is specific
to that cell line, ML14 cells were examined by G-banding and
FISH analysis. Eleven metaphases were karyotyped; representative
images are shown in Figures 4d–4f. FISH analysis with the CEP
X/Yq12 probe set indicated that each metaphase of the ML14
lymphoblastoid cell line contained a normal X chromosome, a
derivative X chromosome with a large unknown fragment
added on to its short arm, and a normal Y chromosome.
Metaphases were typically tetraploid with numerous rearranged
chromosomes.

MDA-MB-435S cells were also examined to confirm
findings from M14. MDA-MB-435S cells displayed two X
chromosomes and the Y/22 translocation first seen in M14
(Supporting Information Fig. S4a). Counting of interphase
nuclei suggested that the Y/22 translocation was present in a
minority of cells (Supporting Information Fig. S4b).

On the basis of these results, we concluded that both X-
and Y-chromosomal material can be detected in M14 and
its derivatives. ML14 carries a normal Y chromosome,
while M14 displays a Y/22 chromosomal translocation. This
translocation does not appear to include amelogenin or the
three Y-SNP loci tested to date (Supporting Information Figs.
S1 and S3). We then performed sex-specific STR analysis to
see if other loci were detectable.

M14 cells have duplicated X chromosomal material

but lack Y-specific STR loci

For the X chromosome, four additional STR loci were exam-
ined: DXS-7132, DXS-HPRTB, DXS-7423 and DXS6807. All
four X-specific STR loci were hemi- or homozygous in M14
(Table 2) and MDA-MB-435 (Supporting Information Table
S3). Having already observed that three X-specific SNP loci
were also hemi- or homozygous, we concluded that the most
likely mechanism for the observed XX karyotype was X-
chromosomal uniparental disomy, with the two X chromo-
somes having arisen by chromosomal duplication.34

Figure 3. FISH Analysis of M14 using X- and Y-specific probes.

Metaphase spreads of M14 cell line, hybridized with the CEP X

SpectrumOrange/Yq12 SpectrumGreen FISH probe set (Abbott

Molecular). Red arrows indicate Xp11-q11 and green arrows indi-

cate Yq12 hybridization signals. Images (a–b) show two similar

copies of der(22)t(Y;22), while (c–d) exhibit two different derivative

chromosomes bearing Yq12; namely, the above der(22) and

another unknown variant.
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For the Y chromosome, PowerPlexVR Y23 and PowerPlexVR

Fusion 6C kits were used to examine 23 Y-linked STR loci
and additional autosomal loci in ML14 and M14 (Table 2,
Supporting Information Table S4). The Y-STR loci examined
are located throughout the Yp and part of the Yq regions
(Supporting Information Fig. S1). All 23 Y-specific STR loci
were detectable in ML14 cells but not in M14 cells (Table 2).
Loci from the PowerPlexVR Fusion 6C System were
concordant with data from IdentifilerV

R

and PowerPlexVR Y23
(Supporting Information Table S4). We concluded that these
Y-specific STR loci are absent from the portion of the Y

chromosome that remains in the M14 cell line. Alternatively,
STR primer binding site mutations or deletions might be
preventing their amplification. It is likely that apart from
Yq12, all other Y-chromosomal material has been lost from
M14, either as part of the disease process or during cell line
establishment.

Discussion
Authentication testing of M14 from 1975 (prior to the establish-
ment of MDA-MB-435), with comparison to donor serum and
lymphoblastoid cell line ML14, shows that M14 is the authentic
cell line and MDA-MB-435 is a misidentified derivative.

Misidentification of MDA-MB-435 is likely to have
occurred prior to 1981–1982.4 The originators of both cell lines
published a paper together that was accepted in May 1979,35

which suggests the possibility that each laboratory had access to
the other’s cell lines at that point in time. It is interesting to
note that derivative MDA-MB-435S was first deposited at a cell
bank in 1982. The deposit records from the originator noted
that MDA-MB-435S was similar to the original tumor until a
spindle-shaped, faster growing cell emerged (historical deposit
information, HTB-129). This comment is consistent with the
first publication to use MDA-MB-435S, demonstrating that it
grew rapidly with a doubling time of 14–30 hrs.36 In retrospect,
it seems likely that this faster growing variant represented
cross-contamination and was subsequently distributed by the
originator to colleagues and cell line repositories. These col-
leagues included Dr Janet Price, who received MDA-MB-435
from the originator37 and later provided it to other
laboratories.3,9,11,38

Our results are consistent with studies performed previously,
using STR profiling to examine authenticity, as well as expres-
sion profiling and mutation status to examine tissue origin.1–3,32

These studies concluded that M14 was the authentic cell line and
was derived from melanoma, despite other studies that have
demonstrated expression of breast-specific markers.9–11,38

Expression of markers that are inconsistent with tissue iden-
tity has been explored previously in M14 and MDA-MB-435.2,10

Expression can vary with cell density, suggesting that growth
and assay conditions play an important role in expression of
tissue-specific markers in cell culture.38 It should be noted that
melanoma can display marked phenotypic diversity, making
diagnosis challenging even in a clinical setting.39 Similarly, breast
carcinoma has been demonstrated to express melanocytic
markers, with increased expression in less differentiated
tumors.40 Lineage infidelity can potentially affect both breast car-
cinoma and melanoma cells. Phenotype may be helpful in deter-
mining tissue origin, but is not sufficient to prove cell line
identity. A genotype-based method of testing is essential for
unambiguous identity determination and should be incorporated
into policy for authentication of human cell lines, with STR pro-
filing as the consensus for comparison.22 The International Jour-
nal of Cancer has stringent requirements for authentication
testing in place and this investigation demonstrates their
importance.41

Figure 4. FISH Analysis and Karyotype of M14 and ML14. Metaphase

spreads and GTL-banded karyotype of M14 (a–c) and ML14 (d–f)

cell lines, and the same cells hybridized with the CEP X SpectrumOr-

ange/Yq12 SpectrumGreen FISH probe set (b, e). Red arrows

indicate chromosomes carrying Xp11-q11 sequences and green

arrows indicate chromosomes carrying Yq12 sequences.
M
ol
ec
ul
ar

C
an

ce
r
B
io
lo
gy

Korch et al. 569

Int. J. Cancer: 142, 561–572 (2018) VC 2017 The Authors International Journal of Cancer published by John Wiley & Sons Ltd on behalf of
UICC



Work on M14 melanoma cells rests on a strong founda-
tion laid down by Dr. Donald Morton and his colleagues in
the 1970s. Their preservation of serum and other cell lines
from this donor, which were authenticated using methods
available at that time, made our subsequent detective work
possible. Documentation of cell line provenance, and reten-
tion of donor material and early passage samples are essential
to prove authenticity. New cell lines should always have
donor tissue stored for testing and comparison to later pas-
sage samples. Deposit of samples in a core facility or cell line
repository will ensure that valuable samples are retained for
future use. Deposit of STR profiles into a shared database of
cell line STR profiles, such as BioSample,42 is also an essential
step for future comparison.

Early authentication testing of M14 was performed using
HLA typing.19 Although HLA typing continues to be used
for authentication, it can be difficult to compare early results
based on serology19 with later results from sequence-based
typing.43 STR profiling of early passage samples offers an
effective solution, enabling comparison of samples from dif-
ferent laboratories, and its use as a consensus method22 has
resulted in multiple samples for comparison (Supporting
Information Table S1). For example, the STR profiles from
other cell lines previously reported to share a common donor
origin with MDA-MB-435 also corresponded to serum from
the melanoma donor, with percent match values of 77–95%
(Supporting Information Table S1). These other lines were
purportedly derived from papillary thyroid carcinoma and
uveal melanoma (Supporting Information Fig. S5, Supporting
Information Table S1).

SNP profiling is a complementary approach to STR analy-
sis, although at least one incorrect allele call was detected
here, showing the need to optimize the SNP TraceTM System
for cell line analysis. Cytogenetic analysis can also be highly
informative. For this study, it was the only method to detect
the Y-chromosomal material in M14 cells.

Consideration of sex in the design and interpretation of pre-
clinical studies is important and has been highlighted by NIH
and others.44,45 Clinical outcomes in melanoma can vary with
the sex of the patient, suggesting that this variable is relevant
for melanoma research.46 Oncogenes and tumor suppressors
are present on X and Y chromosomes, and have been proposed
as biological mechanisms to explain the sex disparities in mela-
noma. For example, the TSPY oncogene on the Y chromosome
is known to be dysregulated in some melanoma cell lines.46

Donor sex is therefore relevant, but can be difficult to deter-
mine in cell lines. Loss of Y-chromosomal material is frequently
seen in cell culture. A recent study of 1,843 human cell lines
demonstrated that 331 were annotated as male but called as
female through absence of AMELY on STR analysis.24 Our
analysis of donor serum and ML14 demonstrated that M14 and
MDA-MB-435 come from a male donor. Cytogenetic analysis
showed that M14 and MDA-MB-435S cells carry a derivative
chromosome 22 from a translocation with Yq12. However,Ta
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despite further STR and SNP analysis, we were unable to detect
Y-specific loci in either cell line.

The absence of Y-specific loci suggests that the majority
of the Y chromosome has been lost from M14 and MDA-
MB-435 cells. Y chromosomal rearrangements may have
occurred during cell line establishment or ongoing culture.
Variable Y-chromosome numbers have been observed while
examining A549 cells from different sources using cytogenetic
analysis.47 Y translocations have been documented in cell
lines, for example, in prostate cell line DU 145.48 Y/22
translocations can also be associated with cancer, usually in
association with a variant Philadelphia chromosome.49 Loss
of Y chromosomal material with retention of heterochromatin
has been seen in melanoma previously.50

X-chromosomal uniparental disomy is the most likely
mechanism for the XX karyotype previously reported for
M14 and MDA-MB-435.12,15 Duplication of X-chromosomal
material has been demonstrated previously in male cell lines
established from prostate cancer.28 Cytogenetic analysis
showed that ML14 cells carry X chromosomal rearrange-
ments. This is an unusual finding for lymphoblastoid cell
lines, where tetraploidy is common, but rarely produces
genetic imbalances.51 Although lymphoblastoid cell lines
from normal patients typically have stable karyotypes, chro-
mosomal abnormalities have been documented in association
with immortalization.52

We conclude that the M14 cell line is authentic, estab-
lished from a male donor with melanoma. Currently available
stocks of MDA-MB-435 are misidentified and were derived
from M14. Unless authentic stocks of MDA-MB-435 can be
identified, investigators should be aware that MDA-MB-435

is not a female cell line and is not a suitable model for breast
carcinoma. Cell lines are living materials and can be complex,
changeable, and difficult to understand. Clear provenance
and careful characterization of widely used cell lines, such as
M14 and MDA-MB-435, are essential if we are to understand
the tumors from which they were established.
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