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Abstract

Colorectal and glioblastoma cancer stem-like cells (CSCs) are essential for translational

research. Cell line authentication by short tandem repeat (STR) profiling ensures repro-

ducibility of results in oncology research. This technique enables to identify mislabeling

or cross-contamination of cell lines. In our study, we provide a reference dataset for a

panel of colorectal and glioblastoma CSCs that allows authentication. Each cell line was

entered into the cell Line Integrated Molecular Authentication database 2.1 to be com-

pared to the STR profiles of 4485 tumor cell lines. This article also provides clinical data

of patients from whom CSCs arose and data on the parent tumor stage and mutations.

STR profiles and information of our CSCs are also available in the Cellosaurus database

(ExPASy) as identified by unique research resource identifier codes.

K E YWORD S

cell line authentication, colorectal tumor, glioblastoma, human stem-like cell lines, short

tandem repeat profiling

1 | INTRODUCTION

Cancer research requires models that use patient-derived cultured

cells. These models allow to study tumor heterogeneity, in particular

in the early stages of tumorigenesis. Isolation and in vitro cultivation

of cancer stem-like cells (CSCs), a small fraction of self-renewing cells

Abbreviations: AMELX, amelogenin in Xp22.1-22.3; AMELY, amelogenin in Yp11.2; CLASTR,

cellosaurus STR database; CLIMA, Cell Line Integrated Molecular Authentication database;

CSC, cancer stem-like cell; CTSC, colorectal tumor stem-like cell; GSC, glioblastoma stem-like

cell; ICLAC, International Cell Line Authentication Committee; ICLC, Cell Bank Interlab Cell

Line Collection; MGMT, O6-methylguanine DNA methyltransferase; MSI, microsatellite

instability; PBMC, peripheral blood mononuclear cell; PCR, polymerase chain reaction; STR,

short tandem repeat.
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with stem-like properties, provide a model to study the properties of

these tumor initiating cells.1-6 Stem-like cells are grown as free-

floating oncospheres in serum-free medium supplemented with

growth factors.1-6 When grafted as orthotopic models, CSCs closely

reproduce the parent tumor, both histologically and genetically.

Therefore, the identification of each cell line is essential in oncology

research.7-9 Short tandem repeat (STR), a standard authentication

technique that allows identification of the individual from whom each

cell line originates,10 amplifies a set of polymorphic STR markers and

then separates the polymerase chain reaction (PCR) products by capil-

lary electrophoresis size fractionation. We characterized 18 colorectal

CSC lines (CTSCs)11 from 17 patients and 103 glioblastoma CSCs

(GSCs)3 from 95 patients by STR assay to create a reference dataset

that allows the determination of the authenticity of these cell lines

and ensures the reliability and reproducibility of research experiments.

In one patient with a colorectal tumor and in seven patients with glio-

blastoma, we established CSC lines from different portions of the

same tumor. Moreover, in two glioblastoma patients, of whom we

obtained GSC lines from both primary surgery and surgery for recur-

rence, the STR profile confirmed the authenticity of CSC lines derived

from the same patient. Peripheral blood mononuclear cells (PBMCs)

and primary tumor cells of some patients were also analyzed. Due to

the availability of the surgical samples, we could preserve tumor tissue

for genotyping only in a minority of patients.

STR profiling was carried out using standardized procedures for

unambiguous authentication and identification of human cell lines

according to the American National Standards Institute/American

Type Culture Collection Standard ASN-0002-2011.12 Each cell line

profile presented in this artcle was entered in a specific data set (ICLC

3) of the Cell Line Integrated Molecular Authentication database

(CLIMA),13 including STR profiles obtained in different cell banks by

using different platforms. All STR profiles were also compared using

the cellosaurus STR database (CLASTR) search tool of the Cellosaurus

database (ExPASy) (https://web.expasy.org/cellosaurus/).

The cell line profiles were challenged against public databases

to exclude cross-contamination with commercially available cell

lines. Comparison of the cell line profiles against each other ruled

out duplicates due to cross-contamination. Duplicates were found

only in those cell lines that derived from different regions of the

same tumor.

2 | MATERIALS AND METHODS

Further method descriptions are included in Supplementary Material

and Methods.

2.1 | CSC cultures

CTSCs and GSCs were isolated from tumor samples through

mechanical dissociation and cultured in a serum-free medium sup-

plemented with growth factors, as previously described.1-6 Under

stem cell culture conditions, proliferating CSC lines actively required

3 to 4 weeks to be established (Supplementary Material and

Methods).

2.2 | Mycoplasma statement

All experiments were performed with mycoplasma-free cells. Myco-

plasma contamination in cell cultures was evaluated using MycoAlert

Mycoplasma Detection Kit (Lonza Walkersville Inc, Walkersville, MD).

2.3 | Molecular analyses in CTSCs and colorectal
tumors

Single-point mutations and small insertions/deletions in CTSCs were

assessed by targeted DNA resequencing, focusing on 17 genes known

to be frequently mutated in colon cancer, as previously described.11

Microsatellite instability (MSI) detection was performed using the

Promega panel of mononucleotide MSI markers (MSI Analysis System,

Version 1.2, Promega Corporation, Fitchburg, WI). The expression of four

mismatch repair proteins, MLH1, MSH2, MSH6 and PMS2, was investi-

gated in tumor tissues corresponding to CTSCs that showed MSI-High.

The expression of the stem cell marker CD133 and the epithelial

antigen Ber-EP4 in CTSCs was evaluated by flow cytometry, as previ-

ously described.5

2.4 | Molecular analyses in GSCs and glioblastoma
tissues

Tumor proliferation index was analyzed by immunohistochemistry on

paraffin sections of glioblastoma samples using the avidin-biotin-

peroxidase complex methods (ABC-Elite kit, Vector, Burlingame,

CA).14 The anti-Ki-67 monoclonal antibody (MIB-1, Dako) was used.

What's new?

Human cell lines obtained from cancer stem-like cells repre-

sent an invaluable model for studying tumor properties. Cell

line authentication by short tandem repeat (STR) profiling is

an important tool to identify the potential mislabeling or

cross-contamination of cell lines. Here, the authors charac-

terized 18 colorectal cancer stem-like cell lines from

17 patients and 103 glioblastoma cancer stem-like cell lines

from 95 patients by STR profiling to create a reference

dataset that allows the authentication of these cell lines and

their identification through a unique research resource iden-

tifier. The results will help further ensure the reliability and

reproducibility of research experiments.
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The expression of CD133 and Sox2 in GSCs was evaluated by flow

cytometry. O6-methylguanine DNA methyltransferase (MGMT) pro-

moter methylation patterns were studied by methylation-specific PCR

on genomic DNA.15 DNA from normal lymphocytes treated with SssI

methyltransferase (New England Biolabs, Ipswich, MA) was used as

positive control. PCR products were separated onto 3% agarose gel,

stained with ethidium bromide and visualized under UV illumination.

2.5 | STR profiling

All human cell lines described have been authenticated by STR profil-

ing within the last 3 years. Genomic DNA was isolated from cell pel-

lets using the DNeasy Blood & Tissue Kit (Qiagen, Milan, Italy) and

treated with RNase, according to the manufacturer's instructions.

Yield was measured with NanoDrop 1000 spectrophotometer

(Thermo Fisher Scientific, Wilmington, DE). One nanogram of DNA of

each sample was used for the STR analysis. Samples were amplified

and electrophoretically separated on an ABI Prism 3100 Genetic Ana-

lyzer (Applied Biosystems).

STR profiles were analyzed by the GeneMapper ID software

(Applied Biosystems), Version 3.2. The results showed highly repro-

ducible cell line-specific numeric patterns. The assay was performed

by the Cell Bank Interlab Cell Line Collection (ICLC) of the Biological

Resource Centre, IRCCS Ospedale Policlinico San Martino of Genoa,

in collaboration with the Department of Legal and Forensic Medicine

of Genoa University. Comparison of STR profiles using the CLIMA

database was performed using the identification feature in CLIMA 2.1

version of the database, as previously described.13 Each new cell line

profile was compared to profiles of all cell lines (4485 cell lines names

and 5587 distinct authentication assays) contained in the database,

that are divided into datasets (Table S1). All STR profiles of CTSCs

and GSCs were compared using CLASTR, the Cellosaurus STR similar-

ity search tool that contains more than 6400 distinct cell lines with an

associated STR profile.16

3 | RESULTS

3.1 | Patient clinical data and molecular cell line
characterization

We characterized 18 CTSCs from 17 patients (7 males and 10 females,

mean age 68.4 years). Tumor site and disease stage (grade, pTNM and

Dukes) of CTSCs are shown in Table 1. Mutations were harbored by

CTSCs in the following genes: ACVR1B, AMER1, APC, BRAF, CTNNB1,

FBXW7, KIAA1804, KRAS, MAP2K4, NRAS, PIK3CA, PTEN, SMAD2,

SMAD4, SOX9, TCF7L2 and TP53 (Table 1; Table S2).

Analysis of MSI status using mononucleotide MSI markers

showed that 6 CTSC lines had MSI-High (CTSC#18, CTSC#389,

CTSC#416, CTSC#430, CTSC#438, CTSC#482), one line had MSI-

Low (CTSC#417) and the other lines were microsatellite stable

(Table S3). In accordance, expression analysis of the four mismatchT
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repair proteins, MLH1, MSH2, MSH6 and PMS2, assessed in tumor

tissues corresponding to the microsatellite instable CTSCs, also

showed MSI-High (Table S3).

CTSCs were analyzed for the expression of CD133 and epithelial

antigen Ber-EP4 (Table S4). CD133 is one of the key stem cell markers

for colorectal cancer5 and its expression is associated with cell differ-

entiation and tumor size.17 In our collection of CTSCs, CD133 and

Ber-EP4 expression was 63.4% ± 6.4% (mean ± SEM; range 23.2%-

99.3%) and 94.8% ± 1.3% (mean ± SEM; range 82.8%-100%),

respectively.

We characterized 103 GSCs from 95 glioblastoma patients

(66 males and 29 females, mean age 62.3 years). Tumor location, dis-

ease stage (primary/recurrent tumor), MGMT gene methylation status

and proliferation index (Ki67) of parent tumors are shown in Table 2.

MGMT gene promoter status was methylated in 46 tumors (49%),

unmethylated in 44 tumors (46%) and not available in 5 tumors (5%).

For GSCs, the MSI status was not analyzed since its frequency, as

determined through the amplification of the monucleotide loci, is rare

in glioblastoma tumors. Single loci MSI are observed in a low percent-

age of glioblastoma samples and the presence of high MSI is not a

typical feature of this tumor.18

GSCs were also analyzed for the expression of the markers CD133

and Sox2 (Table S5). Expression of CD133 (n = 45) and Sox2 (n = 43)

was 25.0% ± 5.0% (mean ± SEM; range 0%-95.9%) and 66.1% ± 4.8%

(mean ± SEM; range 0.3%-97.3%), respectively. Our data show that

GSCs display different levels of CD133 and Sox2 expression, regardless

of their stemness properties. The extensive intra- and intertumor het-

erogeneity of glioblastoma,19 may account for the inability of surface

markers CD133 and Sox2 to characterize GSCs.

3.2 | Identification of STR profiles

Eighteen CTSCs and 103 GSCs were genetically identified using STR

profiling with two different kits using 10 or 16 different loci (Supple-

mentary Material and Methods). To protect the identity of the sub-

jects, eight core STR loci plus Amelogenin were used to report on the

identity of a given sample. The following core loci were rec-

ommended, D5S818, D13S317, D7S820, D16S539, vWA, TH01,

TPOX and CSF1PO.20,21 The information about the other loci can be

shared in strict confidence to researchers and biorepositories.22,23

Tables 1 and 2 show STR profiles of CTSCs and GSCs, respectively.

As an example, the STR profile for GSC#447P cell line (STR ID 702) is

given in Figure S1.

Amelogenin marker was used for gender determination.24 This

marker is located on the gonosomal chromosomes, in Xp22.1-22.3

(AMELX) and Yp11.2 (AMELY). Its DNA fragments, obtained in PCR

using specific primers for intron 3, differ by 6 bp, between X and Y

chromosomes, because the AMELX contains a 6 bp deletion in intron

3 (CRCh38.12, 11,296,918 and 11,296,919, GenBank).

Failure in amelogenin sex gene detection is rare in healthy individ-

uals25 and in diploid cells. However, AMELY chromosomal losses are

highly frequent in tumor cell lines, hence exclusive AMELX is not

predictive for the authentication in samples originated from male

patients.12 Cell lines derived from tumor samples can lose part of the Y

chromosome during culture, therefore sex determination can only be

indicative.

Among the GSCs that arose from 66 male individuals, 16 cell lines

showed only AMELX (GSC#1, GSC#83 and 83.2, GSC#142,

GSC#148, GSC#170, GSC#206, GSC#309S, GSC#381, GSC#393,

GSC#394, GSC#395, GSC#411, GSC#447P, GSC#450, GSC#454).

Therefore, about 24% of the male-derived cell line profiles seem to

have lost AMELY. It has been reported that about 40% to 45% of cell

lines purportedly derived from males lacked the AMELY allele.26

3.3 | Comparison of STR profiles

The analysis of STR profiles of CTSCs and GSCs by CLIMA13 revealed

that some cell lines were derived from the same individual. Among

GSCs, the following cell lines derived from the same patient have pro-

file similarity, GSC#23C and GSC#23p (93.75% of similarity); GSC#83,

GSC#83.2 (93.75% of similarity); GSC#30P and GSC#30PT (100% of

similarity); GSC#195 and GSC#195V (100% of similarity); GSC#314P

and GSC#314C (100% of similarity). The following cell lines derived

from primary and secondary surgery of the same patient show profile

similarity, GSC#275 and GSC#275bis (100% of similarity); GSC#394,

GSC#394bis (100% of similarity).

In some cell lines, PBMCs and the primary tumor tissues (T) were

also analyzed for STR profiles. Results were as follows, GSC#298 and

#298 PBMCs (100% of similarity); GSC#309s, #309T and #309

PBMCs (100% of similarity); 314T and 314 PBMCs (100%); GSC#318

and #318T (100%). All the other cell lines have unique profiles, that

do not match with other profiles for a percentage higher than 90%.

All unique profiles have been confirmed in CLASTR.

4 | DISCUSSION

Human cell lines obtained from CSCs represent an invaluable model

for studying the properties of tumors.27 These cells provide new

insights into the biology of tumors and models that use the CSCs are

essential tools for translational research. For example, we previously

demonstrated that CSC-enriched spheroid cultures faithfully capture

important features of primary colorectal tumors in terms of both

genetic landscape and drug sensitivity.2-6 In a recent study, we pro-

vided an extensive analysis of CTSC response to EGFR-targeted ther-

apy in vivo, leading to a deeper understanding of the molecular

determinants of therapy resistance and sensitivity to combination

therapies.6 In another study on the translational impact of the CSC

model, we demonstrated that resistance of GSCs to standard treat-

ment (ie, radiation therapy and temozolomide) relates to the clinical

outcome of donor patients.3 In addition to demonstrating the clinical

relevance of CSCs, these studies suggest how this model may guide

therapeutic strategies in terms of both response predictions to current

treatment and more appropriate drug selection.6
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In the present study, we detected MSI-H in 7 out 18 CTSC cell

lines (38%) that is higher than expected in CRC. There are two possi-

ble explanations for this result. The first is that 13 (72%) tumor sam-

ples, which the CTSCs were isolated from, came from right-sided

colon cancers that harbor the MSI-H phenotype most often.28 An

alternative explanation is that the cultured CRC cell lines show MSI-H

more frequently than the parent tumor,29 suggesting that MSI-H

tumors can be more easily expanded in vitro. Most of the cell lines

described in this article have been used in earlier studies1-6,9-13 (see

Tables 1 and 2 for details).

Despite the success of using cell lines as models to advance can-

cer research, misidentification of cell lines is a widespread prob-

lem.7-9,12,30,31 Authentication testing is an effective way to solve the

problem, for this reason the disclosure of false or misidentified cell

lines is the principal aim of the International Cell Line Authentication

Committee (www.ICLAC.org), a voluntary, independent scientific

committee, established in 2012. ICLAC produces important guidelines,

such as “Guide to Human Cell Line Authentication” and “Obtaining

Cell Lines from Reliable Sources.” ICLAC was established after the

publication of a consensus Standard for human cell line authentication

by STR profiling.12 Cellosaurus is a cell line knowledge resource con-

taining information about 92 500 human cell lines and reports data

about problematic (contaminated/misidentified) cell lines. Recently, a

collaboration between the Cellosaurus database32 and the Resource

Identification Initiative (https://f1000research.com/articles/4-134/

v2) determined the use of an unique research resource identifier to

flag each established cell line for searches and data analysis.33

Using STR profiling, we generated for each CSC line a unique

molecular identity pattern. STR profiles from CTSCs and GSCs were

compared both with cell line profiles included in CLIMA 2.1 data-

base13 and with cell lines of Cellosaurus using the CLASTR search

tool. Besides STR profiles, for each CTSC and GSC line, clinical data of

the patients are reported such as tumor location, stage and mutations,

MGMT methylation status and tumor proliferation index, MSI, expres-

sion of mismatch repair proteins (Tables 1 and 2; Tables S2 and S3)

and the expression of molecular markers (Tables S4 and S5).

The cell lines used in our study will be available to researchers

through Material Transfer Agreement (MTA).
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