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sequence(s), including papers studying miR-145. Manually verifying reagent identities

fied nucleotide sequences and cell lines, respectively. We also found 5 cell line identi-

18 cell line identifiers published elsewhere, that did not represent indexed human cell
lines. These 23 identifiers were described as non-verifiable (NV), as their identities
were unclear. Studying 420 papers that mentioned 8 NV identifier(s) found
235 papers (56%) that referred to 7 identifiers (BGC-803, BSG-803, BSG-823, GSE-1,
HGC-7901, HGC-803, and MGC-823) as independent cell lines. We could not find
any publications describing how these cell lines were established. Six cell lines were

sourced from cell line repositories with externally accessible online catalogs, but these
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1 | INTRODUCTION

Preclinical research aims to produce reliable observations that can be
further tested or extended through translational studies. A variety of
resources can serve as reagents in biomedical experiments, including
cell lines, antibodies to detect proteins of interest, and oligonucleotide
reagents to analyze specific genomic sequences or transcripts.t

While it is commonly assumed that antibodies, cell lines, and
nucleotide sequence reagents are correctly identified, many studies
now indicate that experimental reagents can be wrongly identified in
publications. In addition to problems of antibody cross-reactivity and
variable performance,? ELISA kits have been found to include anti-
bodies that detect different targets from those claimed.>* Indepen-
dent studies have described examples where the identities of some
nucleotide sequence reagents do not match their descriptions,” *”
including oligonucleotide probes on microarrays,*®*” and shRNAs in
libraries.?° Finally, due to cross-contamination and/or uncertainty
over donor origins, many human cell lines are known to be wrongly
identified.?2"2> These wrongly identified reagents can produce a
range of downstream consequences, including failed attempts to

reproduce published results,>7:11:1¢

and potentially incorrect inter-
pretations of preclinical data leading to misdirected translational
research, 101225

The capacity to verify reagent identities can help researchers to
assess whether published results have been correctly reported. Verifi-
able reagents include short oligonucleotides and peptides, as their
sequences are typically disclosed.®*® Because oligonucleotide and
peptide sequences usually cannot be identified by eye, they need to
be linked with gene or protein identifiers.®®1>17 Reagent identities
can therefore be verified by querying nucleotide or amino acid
sequences against DNA/RNA or protein sequence databases, and
then comparing predicted and claimed reagent identities.®13-1517

Similarly, cell lines are named using identifiers composed of short

cell lines were not indexed as claimed. Some papers also stated that short tandem repeat
(STR) profiles had been generated for three cell lines, yet no STR profiles could be identi-
fied. In summary, as NV cell lines represent new challenges to research integrity and

reproducibility, further investigations are required to clarify their status and identities.

cancer, cell lines, non-verifiable, reagents, wrongly identified

Reproducible laboratory research relies on correctly identified reagents. Here, the authors
flagged 23 non-verifiable (NV) human cell line identifiers in recent papers. Although some NV
identifiers are likely mere misspellings of known cell lines, the results indicate that some mis-
spelled cell lines can gain new identities as independent cell lines, a process the authors describe
as “miscelling.” Of the eight identifiers studied in detail, seven NV identifiers were unexpectedly
referred to as independent cell lines across 235 publications, lacking a description of how they
were established, not appearing in the claimed external repositories, and having no short tandem

strings of letters and/or numbers.?22% These identifiers can be used
to query knowledgebases such as Cellosaurus?® to check whether the
claimed identity matches the indexed identity, and whether cell lines
are known or suspected to be cross-contaminated or otherwise mis-
classified. Cell line knowledgebases can also help researchers to navi-
gate ambiguities of cell line nomenclature, such as identifiers that do
not reflect the cell line's biological origin, variations in syntax and
punctuation, and identical or very similar identifiers being used to
denote different cell lines.?224°28 |n addition to matching RRIDs to cell
line names,?® Cellosaurus also indexes recognized synonyms for cell
line identifiers, and in some cases, potentially misspelled identifiers
noted in the literature.?®

This project sought to extend an earlier study that examined the
proportions of human gene research publications that described
wrongly identified nucleotide sequences.'® Park et al.'® screened
>11,700 human gene research papers with the semi-automated tool
Seek and Blastn that verifies the identities of nucleotide sequence
reagents that are claimed to target human transcripts and genomic
sequences.’® Papers screened by Seek and Blastn were distributed
across five literature corpora, including a corpus of original papers that
studied human miR-145 in preclinical cancer models.'® Screening
163 miR-145 papers with Seek and Blastn identified 31 (19%)
miR-145 papers with one or more wrongly identified nucleotide
sequences.’® Other human gene research papers that studied differ-
ent miRs were also found to include wrongly identified nucleotide
sequence reagents.'® In addition to wrongly identified nucleotide

15,17

sequences, other issues have been highlighted in the preclinical

miR literature, such as experiments where targeted miRs might not be

29-31 For example,

expressed at physiologically relevant levels.
although miR-145 has been repeatedly studied in human cancer cell
lines of epithelial origin, miR-145 is not expressed in epithelial cells
and would not be expected to serve as a critical regulator in many

human cancer cell lines.3%33
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To determine whether miR-145 papers with wrongly identified
nucleotide sequences have been published since the analyses of
Park et al.,*> the present study manually verified the identities of
nucleotide sequence reagents'®!” in miR-145 papers from 2020 to
2022. We also examined the human cell lines described in recent
miR-145 papers, to determine whether any experiments were con-
ducted with cross-contaminated or misclassified cell lines. These
approaches found numerous miR-145 papers with wrongly identi-
fied nucleotide sequences and human cell lines. Furthermore, in two
miR-145 papers with incorrect nucleotide sequences and cell lines,
we identified five cell line identifiers that did not correspond to
indexed cell lines. Two identifiers (BGC-803 and BSG-823) were
recognized misspellings of the contaminated human cell lines, MGC-
803 and BGC-823, respectively.? The remaining identifiers (BSG-
823, GSE-1, and TIE-3) were not indexed by Cellosaurus, but could
also have represented misspelled versions of contaminated cell
lines.?® We collectively referred to these identifiers as being non-
verifiable (NV), as their identities were unclear. While all NV identi-
fiers were expected to represent misspellings of similarly named cell
lines, the BGC-803, BSG-823, and GSE-1 identifiers appeared to be
described as independent cell lines in one miR-145 paper. As five
NV identifiers were found in just two miR-145 papers, we under-
took further analyses to find other NV cell line identifiers and
understand how a subset of these identifiers has been described in
the literature.

2 | MATERIALS AND METHODS

21 | Identification of miR-145 corpus

To identify recent miR-145 papers not studied by Park et al.,.'> Web
of Science was searched using the following parameters:
Title = “miR-145" AND Topic = “Cancer” AND All Fields = “Human”
AND Document Type = “Article” for articles published from January
1, 2020 to September 1, 2022. Search results were exported into
Google Sheets, articles were visually screened to ensure that each
paper had studied human miR-145, and the title, journal, publisher,
publication year, PubMed ID (PMID), and journal impact factor (JIF)**
for the publication year were recorded. Human cancer type(s) studied
were identified by visual inspection of text. Country of origin was
determined according to the affiliations of at least half of the
authors.?>1” Publications were judged to be hospital-affiliated'>” or
university-affiliated if at least half of the authors listed relevant affilia-
tions. In the case of no majority, the first author's affiliation(s) deter-

mined affiliation status.®”

2.2 | \Verification of nucleotide sequence reagent
identities

Nucleotide sequence identities were verified as described in the

Supporting Information §1.13-1517:3536

2.3 | Verification of cell line identities

Cell line identifiers in miR-145 papers were extracted using copy/paste
functions and used to query Cellosaurus.2® Cell lines indexed by Cello-
saurus as being (potentially) contaminated with a different cell line or
otherwise misclassified were flagged if the article did not recognize
(i) the cell line's contaminated/misclassified status or (ii) the use of a con-
taminated/misclassified cell line as a study limitation. Where Cellosaurus
did not index an identifier as a human cell line, or only recognized an
identifier as a misspelled human cell line identifier,?® the identifier was
referred to as NV. The first papers that our team identified that
described individual NV identifier(s) were referred to as index papers.

2.4 | Literature searches employing single cell line
identifiers

Cell line identifiers were employed as keywords to search Google
Scholar (Figures S1 and S2). Identifiers were written with and without
a dash (“-”) between alphabetic and numeric identifier components,
where “-” was also recognized as a space by Google Scholar. Where
search results and GeneCards® indicated that any cell line identifier

27.37 identifiers were combined with

corresponded to a human gene,
the terms “cells” and “cell line,” that is, “TIE-3 cells,” “TIE-3 cell line.”
Publications retrieved by NV cell line identifiers (+ “cells” and
“cell line”) were prioritized for analysis according to their best-match
ranking. Where NV cell line identifiers retrieved up to 50 sources, all
publications were selected for further analysis (Figure S2). Otherwise,
50-200 publications were selected from the first 6-20 pages of
Google Scholar results, with a focus on top-ranked results (Figure S2).
Publications were further analyzed if they could be downloaded
in full or sourced through University of Sydney library services and
were written in English. Text search functions were used to identify
the queried cell line identifier, and all figures and tables were visually
inspected. If publications included the queried identifier, the following
information was extracted: (i) article type, (i) PMID, DOI or other
identifier, (iii) publication year, (iv) journal, (v) publisher, (vi) JIF for the
publication year (if available), (vii) publication title, (viii) country affilia-
tion, (ix) hospital/ university affiliation, (x) details of any post-publica-
tion notices (corrections, expression of concerns, retractions),
(xi) whether the queried identifier was used in experiments
and/or referenced, (xii) the claimed cell type (e.g., gastric cancer),
(xiii) whether the queried identifier was listed with other cell lines, and
their identities, (xiv) cell line sources, if provided, and (xv) whether cell
line identities were checked using short tandem repeat (STR) profiling.
Google Scholar results were also triaged by date, to identify the
earliest publications that had referred to queried identifiers
(Figures S1 and S2). Publications were subjected to further analyses if
they could be sourced as described above, and if at least the abstract
was written in English and mentioned the queried cell line identifier.
Publications were visually inspected for descriptions of cell line

t1,23

establishmen and other publication features were recorded as

described above.
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2.5 | Combined literature analyses of NV
identifiers and similarly named human cell lines

Google Scholar searches were conducted with NV identifiers paired
with known human cell line identifiers, where the NV identifier was
either a recognized misspelling of a human cell line identifier?® and/or
was similar to and/or occurred in association with a similarly named
human cell line (Figures S1 and S2). One index paper listed two NV
identifiers (BGC-803 and BSG-823) with two similarly named cell lines
(MGC-803 and BGC-823). This identifier list (HS-746T, BSG-823,
MKN-28, 9811, BGC-803, MGC-803, and BGC-823) was also used as
a search term (Data file S1). Publications were triaged and analyzed
as described above. Where cell line sources represented repositories
with accessible online catalogs, catalogs were queried with NV cell
line identifiers written (i) as single words and (ii) with a space or “-”
between the alphabetic and numeric components. For each queried
catalog, a human cell line identifier (e.g., MCF-7) was employed as a
positive control.

As some publications that referred to NV cell line identifiers
stated that cell line identities had been confirmed using STR profiling,
additional Google Scholar searches combined NV cell line identifiers
with the terms “STR” and “short tandem repeat”. All publications that
referred to NV cell line identifiers were searched for references to
STR profiling and STR profiling results.

As some miR-145 papers referred to NV cell line identifiers as
independent cell lines (see Results), publications that referred to NV
and similarly named human cell line identifiers were inspected to
determine whether NV cell line identifiers were (i) likely to represent
misspelled versions of human cell line identifiers, or (ii) referred to as
independent cell lines. An NV cell line identifier was indicated to rep-
resent a misspelling if the NV identifier (i) was used alternately with
similarly named human cell line(s) such that identifiers were never
directly connected, either in the same sentence (e.g., “and”) or adja-
cent sentences (e.g., “also”, “in contrast”); (ii) did not appear in any list
of cell lines with any similarly named cell line; and (iii) were not
included in any single experiment with any similarly named cell line. In
contrast, NV cell line identifiers were indicated to represent indepen-
dent cell lines if (i) the NV identifier was used in the absence of any
similarly-named human cell line(s); (ii) NV and similarly-named human
cell line identifiers were included in any list of cell lines studied in the
paper; (iii) results for NV and similarly-named human cell line(s) were
shown in the same experiment(s); and/or (iv) NV and similarly-named
human cell line identifiers were directly connected, either in the same

or adjacent sentences.

2.6 | Representation of cell line identifiers

We have chosen to show all cell line identifiers in the text with a
dash (-) between alphabetical and numeric components, and to list
identifiers in alphabetical order where possible, for improved

readability.

2.7 | Citation analyses

Google Scholar citations were collected on January 29, 2024.

3 | RESULTS

31 |
analyses

miR-145 corpus and nucleotide sequence

Querying Web of Science retrieved 36 original papers published
between January 1, 2020 and September 1, 2022 that were visually
confirmed to include human miR-145 in their titles and refer to human
cancer. Most (24/36, 67%) miR-145 papers described nucleotide
sequence reagents, where these 24 miR-145 articles were published
in 21 journals and examined miR-145 in the context of 15 human
cancer types (Table S1).

The 24 miR-145 papers described 339 nucleotide sequence
reagents, of which almost one quarter (83/339, 24%) were predicted to
be wrongly identified (Table 1). Most incorrect nucleotide sequences
were claimed targeting reagents that were either predicted to be non-
targeting in humans (43/83, 52%), or to target a different human gene
or genomic sequence from that claimed (39/83, 47%) (Table S2, Data
file S2). Wrongly identified nucleotide sequences were found in over
half (20/36, 56%) of miR-145 papers, and in most (20/24, 83%)
miR-145 papers that described nucleotide sequence reagents, with a
median of 3 (range 1-16) wrongly identified sequences/paper (Table 1).
The 20 miR-145 papers with wrongly identified nucleotide sequence(s)
had been cited 382 times by January 2024 (Table S1).

3.2 | Cross-contaminated and misclassified

cell lines

A total of 21 miR-145 papers described experiments in cell lines, all of
which also described nucleotide sequence(s) (Table S1). These
21 papers referred to 91 different cell lines, with a median of 5 (range
1-13) cell lines/paper (Table 1), where some cell lines were described
in multiple miR-145 papers (Data file S2). Fourteen percent (15/107)
of all cell line descriptions represented wrongly identified cell lines
(Table 1) and almost one third (6/21, 29%) of miR-145 papers that
described cell lines included at least one wrongly identified cell line.
All wrongly identified cell lines were claimed human cancer cell lines,
where most have been found to be contaminated by Hela and/or

other cancer cell lines®®~#! (Table S3).

3.3 | Identification of NV cell line identifiers
Two miR-145 papers that described wrongly identified nucleotide
sequence(s) and cell line(s) also described five cell line identifier(s) that

were either recognized misspellings of contaminated cell lines,?®

35UBD17 SUOWIWOD dAIIEa1D) 3 |eal|dde ay Aq pausenob ale sapilie YO ‘8sn Jo sani o) Akl auluQ AS|IAA UO (SUOIIPUOI-PUR-SWLLIBI WO A3 1M Aleiq 1pul|uo//:Sdiy) SUOIIPUOD pue SWB | 8Y138S " [7202/S0/ST] U0 Aelqiauljuo AS|IM ‘aouelH auelyooD Ag Se61E 2 (1/200T 0T/I0p/wod AS 1M Akelq 1 puljuo//:sdny wolj papeojumoq ‘0 ‘ST20.60T



OSTE ET AL.

INTERNATIONAL
1JC

1o

TABLE 1

Nucleotide sequence reagents

Number of miR-145 papers with n=24
reagents whose identities could be
verified

Number of reagents per miR-145 paper, 13 (2-54)

median (range)

Number of miR-145 papers according China (n = 21), Brazil (n = 1),

to country of origin

Proportion (percentage) of wrongly 83/339 (24%)
identified reagents

Proportion (percentage) of miR-145 20/24 (83%)
papers with wrongly identified
reagents
Number of wrongly identified 3(1-16)

reagents per paper, median (range)

Number of papers with wrongly
identified reagents according to
country of origin

Proportion (percentage) of papers 16/20 (80%)
with wrongly identified reagents

that were affiliated with hospitals

Taiwan (n = 1), Thailand (n = 1)

China (h = 19), Thailand (n = 1)

JOURNAL of CANCER

Verification of reagent identities in human miR-145 papers published from 2020 to 2022.

Cell lines® Total
n=21 n=24
5(1-13) 18 (4-56)

China (h = 19), Taiwan (n = 1),
Thailand (n = 1)

China (n = 21), Brazil (n = 1),
Taiwan (n = 1), Thailand (n = 1)

15/107 (14%) 98/446 (22%)

6/21 (29%) 20/24 (83%)

3(1-4) 5(1-16)

China (h = 6) China (h = 19), Thailand (n = 1)
5/6 (83%) 16/20 (80%)

@Refers to cell lines indexed by Cellosaurus (release 47, October 2023), does not include non-verifiable cell line identifiers.

and/or not indexed by Cellosaurus (Tables S4 and S5). Two NV
identifiers (BGC-803 and BSG-823) were recognized misspellings2®
of the contaminated cell lines BGC-823 or MGC-803,%8%! whereas
the BSG-803, GSE-1, and TIE-3 identifiers were similar to the con-
taminated cell lines BGC-823/MGC-803,%** GES-1,%*" and TE-3,

42 We commonly referred to recognized misspelled

respectively.
and non-indexed identifiers?® as NV, as their identities appeared
uncertain.

As five NV identifiers were found in two miR-145 papers, we
reasoned that other NV cell line identifiers might exist in the litera-
ture. Google Scholar searches successively identified 23 different
NV cell line identifiers (Tables S4 and S5), many of which were
similar to contaminated cell line identifiers such as BGC-823,
MGC-803, or SGC-7901 (Table S5). The frequencies of these
NV identifiers varied. Some were found only once as cell line
identifiers, whereas others were found in hundreds of Google
Scholar sources (Table S5).

We analyzed eight NV identifiers in detail (BGC-803, BSG-803,
BSG-823, GSE-1, HGC-7901, HGC-803, MGC-823, and TIE-3),
including the five NV identifiers found in miR-145 papers (Tables S4
and S5). Four NV identifiers (BGC-803, BSG-823, GSE-1, and
HGC-7901) were referred to as independent cell lines in the corre-
sponding index papers, whereas the remaining four NV identifiers
appeared to represent misspellings of known cell lines (Table S4).
Furthermore, three NV identifiers (BGC-803, BSG-823, and GSE-1)
were claimed to have been obtained from a cell line repository with
an online catalog (Table S4), yet querying this repository catalog did

not identify these three cell line identifiers.

34 |
literature

Descriptions of NV identifiers in the research

We assessed 420 articles that referred to at least one of the eight NV
identifiers (Data file S1). This revealed that in 185/420 (44%) papers,
all eight NV identifiers could represent misspellings of similarly named
cell lines, which were typically Hela-contaminated cancer cell
lines.®8*! For example, in the 79 papers that referred to both GSE-1
and GES-1, GSE-1 appeared to consistently represent a misspelling of
GES-1 (Data file S1). Similarly, in the single paper that referred to
TIE-3 as a cell line identifier, TIE-3 appeared to be a misspelling of
TE-3 (Table S4).

While many instances of NV identifiers represented misspellings,
more than half (235/420, 56%) of papers appeared to describe at least
one of seven NV identifiers (BGC-803, BSG-803, BSG-823, GSE-1,
HGC-7901, HGC-803, and/or MGC-823) as independent cell lines
(Tables 2 and 3, Data file S1). Some original papers that described the
results of experiments involving NV cell line identifier(s) referred to
these identifier(s) without reference to any similarly named human cell
line.2® For example, 34 original papers referred to GSE-1 cells without
mentioning GES-1 (Table 2). In other original papers, NV and similarly
named cell lines were (i) included in lists of cell lines employed in
experiments (e.g., “The human gastric cancer cell lines ... MGC-823,
MGC-803...were used in this study”), (ii) used in the same experiments
according to information provided in the text, and/or (iii) shown
together as results for the same experiment(s) in figures and/or tables
(Data file S1). The numbers of original papers that described NV iden-

tifiers as independent cell lines ranged from one paper (BSG-803) to
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TABLE 3

Number of papers Number of
NV cell (literature reviews) Publication individual
line referring to NV identifier years, journals/
identifier as independent cell line range publishers
BGC-803 n=27(n=22) 2009-2023 n=22/n=8
BSG-823 n=8(n=7) 2016-2023 n=7/n=5
GSE-1 n=2Mn=2) 2023 n=2/n=2
HGC-7901 n=1(h=1) 2020 n=1/n=1
HGC-803 n=4(n=2) 2019-2023 n=3/n=3
MGC-823 n=2(n=2) 2019-2021 n=2/n=2

@N/A in relation to country/institution indicates no majority.

116 papers (BGC-803), where not all BGC-803 papers were analyzed.
Papers that did not describe experiments with NV cell lines, including
36 literature reviews, also referred to NV identifiers as independent
cell lines (Table 3). In these papers, NV identifiers were found in the
absence of any similarly named cell line or were paired with similar cell
line identifiers, either in literature review text, or in introduction or
discussion sections of the original papers (Data file S1).

Papers describing NV identifiers as independent cell lines were
published between 2004 and 2023 in fields including cancer research,
biochemistry, chemistry, and drug discovery, and in journals with
impact factors ranging from 0.2 to 16.8 (Tables 2 and 3). Although five
NV identifiers were found in miR-145 papers, only 25% (58/235) of
papers that described NV cell lines referred to miRs in their titles.
Almost all original papers that described experiments involving NV cell
lines were published by authors in China, where most publications
were affiliated with hospitals (Table 2). In contrast, papers such as lit-
erature reviews that referred to NV cell lines in the absence of experi-

mental results were mostly affiliated with universities (Table 3).

3.5 | NV cell line establishment, sources, and STR
profiling results

To clarify the origins of NV cell line identifiers, we analyzed the earli-
est publications that mentioned NV identifiers and/or referred to NV
identifiers as cell lines. The earliest papers that mentioned NV cell line
identifiers were published between 1988 and 2020, whereas the first
papers that referred to NV identifiers as independent cell lines
were published between 2004 and 2020 (Figure 1). The BSG-803,
BSG-823, GSE-1, and HGC-7901 identifiers appeared to be first
mentioned as independent cell lines, whereas BGC-803, HGC-803,
and MGC-823 were referred to as independent cell lines 1-17 years
after they were first mentioned in the literature (Figure 1). No earliest
paper that we could find described how the seven NV cell lines were
established or referenced cell line establishment papers.

As we did not find three NV identifiers in the described cell line
repository in one index paper (Table S4), we extracted all cell
line sources described in the 420 papers analyzed (Data file S1). In

Literature reviews, commentaries, book chapters, original articles, and preprints where non-verifiable (NV) cell line identifier(s) were
referred to independent cell line(s) in the absence of experimental results.

Most frequent Most frequent
Journal Impact country of origin institution type
Factor, range proportion (%) proportion (%)
1.8-13.6 China 11/21 (41%) University 22/27 (81%)
2.8-13.0 China 4/8 (50%) University 5/8 (63%)
No information N/A? University 2/2 (100%)
6.2 China 1/1 (100%) Hospital 1/1 (100%)
1.1-6.6 China 2/4 (50%) N/A®
7.8-16.8 N/A? University 2/2 (100%)

papers where NV identifiers were referred to as independent cell
lines, four NV cell lines (BGC-803, GSE-1, HGC-803, and MGC-823)
were described as sourced from the American Type Culture Collection
(ATCC).*® Six NV cell lines (BGC-803, BSG-823, GSE-1, HGC-7901,
HGC-803, and MGC-823) were described as sourced from the
Chinese National Infrastructure of Cell Line Resource,** and three NV
cell lines (BGC-803, GSE-1, and MGC-823) were described as sourced
from the China Center for Type Culture Collection.%84* Searching the
online catalogs of these three repositories did not identify the claimed
NV identifiers or cell lines (Table S5).

A minority (16/420, 4%) of papers that mentioned NV cell line
identifiers described the use of STR profiling to confirm cell line iden-
tities (Table 2, Data file S1). These 16 papers either described STR
profiling to confirm the identities of named NV cell lines or included
overarching statements that were presumed to refer to all cell lines.
Although 11/16 papers referred to three NV cell line identifiers
(BGC-803, GSE-1, and/or MGC-823) as independent cell lines, none
of these papers either showed or described STR profiling results
for any NV cell line (Data file S1).

4 | DISCUSSION

This study commenced by checking nucleotide sequence reagent
identities in a cohort of human miR-145 papers. Having previously
identified wrongly identified nucleotide sequences in 19% of human
miR-145 papers using Seek and Blastn screening,’®> manual screening
revealed at least one wrongly identified nucleotide sequence in over
half (56%) miR-145 papers published between 2020 and 2022, and in
83% miR-145 papers that described nucleotide sequences (Table 1).
Higher proportions of papers with wrongly identified nucleotide
sequences likely reflect the use of manual screening,'” indicating that
semi-automated screening could underestimate the numbers of gene
research papers with wrongly identified nucleotide sequences.'®

Just under one third of relevant miR-145 papers also described
wrongly identified cell line(s) (Table 1). Unexpectedly, two miR-145
papers that described wrongly identified nucleotide sequence(s) and

cell line(s) also included NV cell line identifiers, where some were
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referred to as independent cell lines. As five NV cell line identifiers
were found in two miR-145 papers, and paralleled previous descrip-
tions of NV circular RNAs,**° we sought to understand whether
other NV cell line identifiers could be found in the literature and how
a subset of these NV identifiers have been described. Studying eight
NV cell line identifiers across 420 papers revealed that all eight NV
identifiers could represent identifier misspellings in at least some
publication(s). However, 235 (56%) papers unexpectedly described
seven NV identifier(s) (BGC-803, BSG-803, BSG-823, GSE-1,
HGC-7901, HGC-803, and MGC-823) as if they were independent
cell lines. These NV identifiers have been mentioned in the literature
as early as 1988 and have been referred to as independent cell lines
since 2004 (Figure 1) in fields ranging from drug discovery and testing
to gene research. Nonetheless, we could not find any papers that
described how these seven NV cell lines were established. Six NV cell
lines were stated to have been sourced from externally accessible
cell line repositories, including ATCC, yet checking their online cata-
logs did not identify these NV cell lines. We also could not identify
any published STR profiles for BGC-803, GSE-1, and MGC-823 cells,
despite papers stating that these STR profiles had been confirmed.
These NV cell lines were also not described by studies describing STR

profiles for similarly named contaminated cell lines.>8-4*

4.1 | Limitations
We recognize that this study has several limitations. Although we
attempted to study all papers that mentioned the identifiers BSG-803,
BSG-823, HGC-803, HGC-7901, and TIE-3, we may have still missed
some relevant publications. For example, as GSE-1 and TIE-3 also rep-
resent human genes, our use of additional search terms to restrict
results may have excluded relevant papers. We conducted literature
searches for NV cell line identifiers during 2023, and so we may have
missed some relevant papers published late in 2023 (Figure 1). We
also recognize that as we only screened papers with at least some
English text, we could have failed to identify papers that described
how NV cell lines were established, and/or the results of STR profil-
ing. Due to numbers of available publications, we did not analyze all
papers that mentioned the BGC-803, GSE-1, and MGC-823 identi-
fiers. We did not study all NV identifiers that we found (Table S5) and
we made no attempt to find all NV cell line identifiers that might exist
in the literature.

While claimed NV cell lines could not be found in three external
repositories with online catalogs, including ATCC,*® we recognize that
stocks of these and other NV cell lines might be held elsewhere,

including repositories lacking online catalogs. We also recognize that

JOURNAL of CANCER

at least some papers that referred to NV identifiers without reference
to similarly named cell line(s) could have employed the NV identifier
as a misspelling, and that similar explanations could apply to some
other descriptions of independent NV cell lines. Nonetheless, given
that many NV cell line identifiers could represent misspellings of
cross-contaminated cancer cell lines (Table S5), descriptions of any

intended cell lines could remain problematic.

4.2 | Significance and next steps

Our results indicate that NV cell line identifiers can gain new identities
as independent cell lines without published descriptions of how cell
lines were established, STR profiles, or making cell lines available
through external suppliers, a process that we refer to as “miscelling”
(Figure 2). Whereas some NV cell lines appear to arise de novo, others
are predated by cell line identifier misspellings (Figure 1), suggesting
that misspelled identifiers may predispose to subsequent NV cell line
descriptions (Figure 2). Identifier misspellings and NV cell lines could
lead some researchers to misspell cell line identifiers when carrying
out their research. Descriptions of NV identifiers in miR-145 publica-
tions with wrongly identified nucleotide sequence(s) could also indi-
cate experiments that were not performed as described.*® For
example, NV cell lines could also arise through research paper mills
confusing misspelled cell line identifiers for independent cell lines, due
to lack of time, expertise, and attention to detail (Figure 2).

Our results also show that NV cell lines are published across dif-
ferent research fields, reflecting the widespread research use of
human cancer cell lines. However, where cell line origins and identities
are unknown, any resulting data cannot be interpreted or translated. If
NV cell lines cannot be sourced from external repositories, their
claimed identities cannot be verified, and published research cannot
be reproduced. Despite anticipated challenges in sourcing NV cell
lines, some researchers might still attempt to reproduce results using
other cell lines, leading to wasted time and resources. We therefore
recommend that NV cell line identities be clarified as soon as possible,
by disclosing existing STR profiles and supplying cell line stocks to
independent groups for STR profiling and phenotypic testing. While
we could not identify sources for NV cell lines, teams that have
described these cell lines could provide samples for testing, where
dates of cell line stocks should predate published experiments. Testing
cell line stocks from different sources would have the added advan-
tage of allowing STR profiles for multiple cell line stocks to be directly
compared.38-41
Repeated references to misspelled cell line identifiers in

Cellosaurus,?® combined with the many NV identifiers found in this

FIGURE 1

Bar graphs showing numbers of papers (Y-axis) that refer to the indicated NV cell line identifiers (shown at top left) per year

(X-axis). Light-shaded bars indicate papers that mention NV cell line identifiers as likely misspellings, whereas darker bars indicate papers in which
NV cell line identifiers were referred to as independent cell lines. Broken lines indicate publication numbers derived from studying a subset of
papers (BGC-803, GSE-1, and MGC-823), as described in the Methods. Open diamonds indicate the earliest publication that mentioned each
identifier, whereas filled circles indicate the earliest paper to refer to an NV identifier as an independent cell line. Graphs are ranked from the top

according to years of earliest publication (1988-2020). NV, non-verifiable.
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study, suggest that other NV cell line identifiers remain to be discov-
ered. Misspelled and other NV cell line identifiers may be difficult to
notice through reading, particularly where cell line identifiers are non-
intuitive and can be written with different punctuation and/or

22,26-28

syntax (Figure 2). Furthermore, as misspelled versions of

familiar commercial logos can be recognized as if they were correct,*
even expert readers might not notice subtle identifier misspellings.
Most NV identifiers described by this study were found by under-

graduate students working on short-term publication integrity

Tolerance of

¢ Cell line identifier
misspellings

« Poor/ incomplete

cell line descriptions

Wrongly identified

cell lines

environments

supervision
* Research
misconduct
Paper mills

Nomenclature problems

» Non-intuitive cell line
identifiers

+ Identifiers similar/
shared by other cell
lines/ genes/ proteins

* Inconsistent use of
punctuation/ syntax

misspellings

Problematic research

* Inadequate training/

Papers with cell
line identifier 'ﬁ

-

projects. Similar projects could be conducted in the future, particularly
as publication integrity projects can be scaled according to available
time and resources and are suitable as individual or group projects.
We suggest steps to reduce descriptions of NV cell lines (Table 4),
where some have also been proposed to reduce descriptions of con-
taminated or misidentified cell lines. 2324284749 Tg raise broad aware-
ness of NV cell lines, we suggest creating a dynamic, openly accessible
registry of NV and misspelled cell lines. A comprehensive list of NV cell

lines and misspelled cell line identifiers would allow these to be

FIGURE 2 Summary of
factors that could predispose to
cell line identifier misspellings and
NV cell lines or “miscellings,”
recognizing that papers referring
to NV cell lines can either appear
de novo, or follow publications
with NV cell line identifier
misspellings. NV, non-verifiable.

Papers with
non-verifiable

cell lines or
“miscellings”

TABLE 4 Actions to prevent descriptions of non-verifiable (NV) cell lines in research publications.

Actions to reduce descriptions of NV cell lines

Establish dynamic register of misspelled cell line identifiers and NV cell lines

Previously described in context

of wrongly identified cell lines® Stakeholders

Researchers, research
funding organizations

Create screening tools/plug-ins to detect misspelled, NV, and wrongly identified cell 28,50
lines
Insist on use of correct cell line identifiers in research publications. Zero tolerance for 22,47, 48 Authors, journals,
misspelled cell line identifiers. publishers, peer
Cell lines to be described in easily searchable publication sections, for example, title 23 reviewers
and/or abstract
Cell lines to be described by at least two identifiers, for example, cell line identifier + 24,28, 48
RRID
All source(s) of published cell lines to be fully disclosed 23
All cell lines described in results to also be clearly described in the methods
Publications describing new cell line to include description of donor origin, method 1,23
of establishment, culture conditions, phenotyping, and genotyping data including
STR profile
Verification of all cell line identities prior to peer review 23,24 Journals, publishers
Immediate publication of expressions of concern or editorial notes for papers that 23,49

describe or refer to NV cell lines

Retraction of original papers describing experiments with cell lines whose identities
cannot be verified

Published corrections to papers such as literature reviews that refer to cell lines
whose identities cannot be verified

?References that have described or proposed similar approach(es) to reduce descriptions of cross-contaminated or misidentified cell lines.
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included in screening tools used by publishers and researchers, where
the seven NV cell lines described in the present study have been added
to the Problematic Paper Screener.>° As we identified multiple NV cell
line identifiers in some papers, research application of literature screen-
ing tools should also accelerate the discovery of other NV identifiers.

Descriptions of NV cell lines could also be reduced by improving
the quality of cell line reporting (Table 4). For example, requiring
authors to include the corresponding RRID?® for all cell lines could
reduce descriptions of NV cell lines. At the same time, as journal guide-
line implementation is typically not associated with clear improvements
in reagent reporting,® other actions will be required. Given the uncer-
tainty surrounding the origins and status of NV cell lines, journals and
publishers need to show a zero-tolerance approach towards manu-
scripts and publications that describe misspelled and NV cell lines.
Screening for NV cell lines in submitted manuscripts should be included
in publisher workflows, where flagged manuscripts should not be sent
for peer review. It has been recommended that publications that
describe experiments with misidentified cell lines should be flagged
with editorial notes or expressions of concern.?®>*° This should extend
to all publications that have described NV cell lines. If the identities and
origins of cell line(s) cannot be verified, publications that have described
experiments with NV cell lines should be considered for retraction, and
other papers referring to NV cell lines, such as literature reviews, should
be flagged through corrections (Table 4).

43 | Summary

As reported for other identifiers that lack intrinsic visual sense,>? cell
line identifiers are prone to being wrongly written or misspelled.?%2¢
Although some NV identifiers are likely to represent misspellings of
similarly named cell lines, our results indicate that some misspelled cell
line identifiers can gain new identities as independent cell lines, a pro-
cess that we describe as “miscelling.” As NV cell lines represent chal-
lenges to research integrity and reproducibility, further research is
needed to clarify the status and identities of NV cell lines and whether
other NV cell lines have been described. In the meantime, publications
describing NV cell lines call for greater focus on improving published
descriptions of human cell lines, to ensure the transparency of cell line

models employed in biomedical research.
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