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Abstract

Biomedical researchers routinely use a variety of biological models and resources,
such as cultured cell lines, antibodies and laboratory animals. Unfortunately, these
resources are not flawless: cell lines can be misidentified; for antibodies, problems
with specificity, lot-to-lot consistency and sensitivity are common; and the reliability
of animal models is questioned due to poor translation of animal studies to human
clinical trials. In some cases, these problems can render the results of a study mean-
ingless. As a response, some journals have implemented guidelines regarding the use
and reporting of cell lines, antibodies and laboratory animals. In our study we use a
portfolio of existing and newly created datasets to investigate identification and
authentication information of cell lines, antibodies and organisms before and after
guideline introduction, compared to journals without guidelines. We observed a gen-
eral improvement of reporting quality over time, which the implementation of guide-
lines accelerated only in some cases. We therefore conclude that the effectiveness of
journal guidelines is likely to be context dependent, affected by factors such as imple-
mentation conditions, research community support and monitoring and resource
availability. Hence, journal reporting guidelines in themselves are not a quick fix to
repair shortcomings in biomedical resource documentation, even though they can be

part of the solution.

KEYWORDS

biomedical resources, cell line authentication, journal guidelines, replication crisis, reporting
standards

What's new?

Inadequately identified research materials and irreproducibility of results are significant issues in
biomedical research. In response, some biomedical journals have added guidelines to help
authors ensure the identity of research materials. Here, guideline compliance and effects con-
cerning the reporting of materials were compared among journals before and after the imple-

mentation of guidelines for the authentication and validation of research materials. Reporting

Abbreviations: ARRIVE, Animal Research: Reporting of In Vivo Experiments; BMC, BioMed Central; ICLAC, International Cell Line Authentication Committee; 1JC, International Journal of Cancer;

RRID, research resource identifier; STR, short tandem repeats.
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quality was found to have improved modestly over time, accelerated by authentication and vali-

dation guidelines only in certain instances. Hence, while journal guidelines can help ensure accu-

rate resource reporting, additional measures are needed to address ongoing issues with

misidentification.

1 | INTRODUCTION

Biomedical researchers routinely use a variety of biological models
and resources in their labs, including materials and specimens such as
cultured cell lines, antibodies and laboratory animals. Unfortunately,
these resources are not always flawless: trust in their stated prove-
nance, identity and experimental suitability may not always be
warranted. For example, cultured cell lines are frequently used as
experimental models on the assumption that the cells correctly repre-
sent the tissue type from which they were originally derived. How-
ever, cell lines can become misidentified, potentially rendering study
results meaningless.® Similar problems occur with antibodies: anti-
bodies are used under the assumption that they bind exclusively to
the protein of interest, but this may vary with experimental condi-
tions. Problems with specificity, lot-to-lot consistency and sensitivity
are common.? The validity and reliability of animal models used to
study human physiology and anatomy® are likewise increasingly
questioned, in response to poor translation of animal studies to
human clinical trials* and irreproducibility,® at least partly due to simi-
lar problems of insufficient identification.®

While some variability or imprecise identification in published
research may be unavoidable and not even fatal to the published
results, there is nevertheless cause for concern. Undocumented test
organism identity, unaccounted sources of genetic variability, or even
microbiome variation, can threaten correct interpretation and use of
research results, or even invalidate results, spread error, lead to irre-
producible research and jeopardise translation to clinical applica-
tions.”® A Nature survey revealed that over 70% of researchers have
tried and failed to reproduce another scientist's experiment in bio-
medical research,” in which inadequately identified research materials
are a major factor of concern.> Even though the alarmist term ‘repro-
ducibility crisis’ may wrongly suggest a recent outbreak, given that
problems such as cell line misidentification have a long history,'° extra
attention for improved identification and validation does seem
appropriate.

Some concerned scientists expect journals to play a central role in
tackling unreliable, invalid or badly reported biomedical research
resources.**12 |n addition to the quality assurance provided by peer
review,'® journals' editorial policies could take a more directive role.
Author guidelines have been suggested as a key instrument to encour-
age more complete identification and validation information, or even
to mandate verification tests of key resource materials. In response,
some prominent biomedical journals have devoted a section of their
author guidelines to reporting standards for materials such as cell
lines, antibodies and animals, including Nature Portfolio (previously

Nature Research) and BMC journals.

While some studies have investigated the effectiveness of such
guidelines, the analyses have typically focused on only one research
resource or one journal, and remain overall inconclusive.***¢ In our
study, we present new data, and new analyses of existing data, about
journal guideline compliance and effects concerning the reporting of
cell lines, antibodies and animal models. By bringing together results
assessing the effect of guidelines for a range of biomedical resources,
we provide an overall assessment of journal guidelines' ability to
improve resource identification and point out remaining uncertainties

and avenues for further research.

2 | METHODS AND DATA

21 | Research design

To analyse whether journal guidelines improve the identification
and authentication information of research resources we compared
articles between journals with and without guidelines, and where
possible also before and after guideline introduction. We assessed
the reporting of cell line, antibody and organism identification infor-
mation, that is, whether these resources can be uniquely identified
by readers of the articles. In addition, we assessed levels of cell line
authentication and articles' usage of misidentified cell lines. To con-
trol for the effect of changes over time, such as growing awareness
in research communities, we selected journals with guidelines
implemented in the same year and contrasted these with journals
without guidelines in a before/after analysis with a control. How-
ever, this approach could only be used if it was clear when guide-
lines were precisely implemented or updated. We do know that
BioMed Central (BMC) implemented guidelines regarding cell line
authentication in 2015 (author's communication with Maria Hodges
of BMC), and that Nature Portfolio implemented guidelines regarding
cell line authentication in 2013 and these became stringent in
2015.Y7 Thus, the journals of BMC and Nature Portfolio can be reli-
ably contrasted with similar journals that lack guidelines regarding
cell line authentication. Both BMC and Nature Portfolio also have
guidelines regarding antibodies and refer to the Animal Research:
Reporting of In Vivo Experiments (ARRIVE) guidelines, which aim to

improve the reporting of animal research.*®

However, precise imple-
mentation years for BMC's and Nature Portfolio's guidelines on anti-
bodies and the ARRIVE guidelines could not be identified. In
addition to the journal guidelines, Nature Portfolio implemented a
checklist for authors with the aim to reduce irreproducibility. This
checklist includes cell lines, antibodies and the ARRIVE guidelines,

and was implemented in 2013.17 However, it remains unclear
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whether Nature Portfolio's guidelines included antibodies and the
ARRIVE guidelines previous to the introduction of the checklist.
Therefore, for antibodies and the ARRIVE guidelines, we distin-
guished between journals of BMC, Nature Portfolio and other
journals with guidelines on the one hand, and comparable journals
without guidelines on the other, but could not establish a clear
before and after (for the content of these guidelines see Supple-

mentary material S1).

2.2 | Datasources and analyses

We used data from a range of sources, including reanalysis of earlier
studies. An overview is shown in Figure 1. Data analysis relied on cod-
ing articles and comparing rates of identification and validation infor-
mation. We sometimes worked with relatively small sets of articles
due to the splitting of the set into different journals and years. The
number of articles analysed per category per year ranges from tens to
thousands of articles. Generally, the number of articles included in our
sample increased for later years (see supplementary tables for exact
numbers in Appendix S1). For some of the data, we relied on expert
readers, for most on automated searches. These methods have some
disadvantages: they will not be able to identify all articles of interest
and will contain some false positives. To avoid a misleading suggestion
of certainty, we avoid advanced statistical analysis or significance

2.3 | Horbach and Halffman string-based search:
Misidentified cell lines, before/after with control

To identify articles that used misidentified cell lines, we used a previ-
ously established search method based on version 8.0 of the list of
misidentified cell lines of the International Cell Line Authentication
Committee (ICLAC).%° In short, this method searches Web of Science
for articles with a misidentified cell line in the title, abstract or key-
words and articles that cite the establishing paper of a cell line that
later became misidentified. With this method, we searched journals of
BMC and Nature Portfolio and comparable journals without guidelines
regarding cell line authentication—comparable in the sense of
bibliometric coupling?!—for articles that used misidentified cell lines (for
details see Supplementary material S2A,B). We calculated the number of
articles that used misidentified cell lines as a percentage of articles that
use cell lines in both sets of journals. Because cell lines will often be
mentioned in the methods section rather than the title, abstract and key-
words and because the establishing paper will not always be cited, this

search cannot identify all articles that use misidentified cell lines.

24 | Expertreader check: Misidentified cell lines,
before/after with control

For two journals, we performed a more detailed study of the articles that

testing. used misidentified cell lines as identified by this search strategy. We
( ) [ oww
/Applied to Web of Science Journals of BMC, 700 688 e
Nature Portfolio and comparable journals (as articles Articles that use misidentified
selected through bibliometric coupling cell lines as a percentage of
(Perianes-Rodrigues et al, 2016)) without articles that use cell lines.
Search strin uidelines regarding cell line authentication. -
g \Q ¢} 9
developed and
described by /
Horbach and Applied to International Journal of Cancer and Vs ~
Halffman (2017) Blood. Manually coded the search results for 548 More precise overview of
false positives, for articles that were articles articles that use misidentified
aware/unaware of the true identity of the used cell lines in International Journal
cell line and for those that used cells of the of Cancer and Blood.
Qame tissue type. \ /
/Selected j i A
journals of BMC, Nature Portfolio, and 26 417
Dataset generated comparable journals without guidelines articles Articles that use misidentified
by Babic et al regarding cell line authentication (ie, restricted cell lines as a percentage of
(2019) the initial dataset to the journals used in the articles that use cell lines.
\previous search method). )
Vs Percentage of cell lines that are
We divided the data into four categories; 177 398 identifiable.
journals of BMC, Nature Portfolio, other journals articles
with guidelines and journals without guidelines .
\regarding cell line authentication. ) :Etf::ttiig?eodf. cell lines that are
Dataset generated /We divided the data into four categories; 289 156
9 journals of BMC, Nature Portfolio, other journals articles Percentage of antibodies that
by Menke et al ) o . - S - =
(2020) with ggldellne_s anld journals without guidelines are identifiable.
\regardmg antibodies.
4 L . .
We divided the data into four categories; 880 567
journals of BMC, Nature Portfolio, other journals articles Percentage of organisms that
with guidelines and journals without guidelines are identifiable.
regarding organisms.
"
FIGURE 1 Overview of the input material, our analysis and the output [Color figure can be viewed at wileyonlinelibrary.com]
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chose the International Journal of Cancer (1JC) since this journal published
multiple articles on the problem of misidentified cell lines and previously
evaluated its guidelines as effective,?? and Blood as a comparable journal
without guidelines. We assessed the use of misidentified cell lines for all
articles in the 1JC (250) and Blood (initially 298, but 48 were meeting
abstracts for which the full texts were unavailable, of which one was
clearly a warning about misidentified cell lines; the other 47 articles were
excluded from our analysis) that used misidentified cell lines as found by
the search strategy of Horbach and Halffman? in the years 1995 to
2018. We distinguished two categories of false positives: papers warning
about misidentified cell lines and papers in which no misidentified cell line
was used. For the articles that did use a misidentified cell line, we distin-
guished three categories: misidentified cell line used but aware of problem
(a), misidentified cell line used but of same tissue type (b) and misidentified
cell line used and unaware of problem (c). For the last two categories we
also distinguished between misidentified cell lines that were used before
or after they were first reported as misidentified according to the ICLAC
data (see Supplementary material S2C for details). We included in the
analysis a small set of articles that did not use the misidentified cell line
that triggered our search parameters (seemingly false positives), but that
did use another misidentified cell line (3 articles in IJC and 11 in Blood,;
for details see Supplementary material S2C). The number of articles with
cells was overall higher in Blood than in IJC (see Table S4 for precise
numbers).

2.5 | Algorithmic search Babic, Capes-Davis,
Martone, Bairoch, Ozyurt, Gillespie and Bandrowski:
Misidentified cell lines, before/after with control

To further analyse the use of misidentified cell lines, we reanalysed
part of a previously established dataset.?®> We restricted our analysis
to the same journals as before (Nature Portfolio, BMC and comparable
journals without guidelines), provided they were included in this
dataset. In short, Babic, Capes-Davis, Martone, Bairoch, Ozyurt,
Gillespie and Bandrowski?® used an algorithm to search for articles
using cell lines in PubMed's openly accessible subset of articles and
then matched these cell lines to the list of problematic cell lines.
Besides misidentified cell lines, their problematic cell lines include
those that are only partially misidentified. We excluded the partially
misidentified cell lines, and continued only with the misidentified cell
lines mentioned on the ICLAC list! for consistency with our own set

(for details see Supplementary material S3).

2.6 | Algorithmic search Menke, Roelandse,
Ozyurt, Martone and Bandrowski: Positively identified
and authenticated cell lines, before/after with control;
positively identified antibodies and animals, guidelines
vs control only

To analyse the authentication of cell lines and the identifiability of cell

lines, antibodies and organisms, we reanalysed previously established

datasets (cell lines supplementary data 8, antibodies supplementary
data 7, organisms supplementary data 1 of Menke, Roelandse, Ozyurt,
Martone and Bandrowski?%). In short, Menke, Roelandse, Ozyurt,
Martone and Bandrowski?* used an algorithm to search for articles
that use cell lines, antibodies, or organisms in PubMed's subset of
openly accessible articles. If enough information is supplied, namely
name, supplier and catalogue number or a research resource identifier
(RRID), the algorithm labels the cell line, antibody or organism as iden-
tifiable. In addition, the algorithm labelled cell lines as authenticated
when there was information present for mycoplasma contamination
or authentication assessment like STR (short tandem repeats) profiling
(for details see Supplementary material S4).

3 | RESULTS

3.1 | Celllines

We analysed whether guidelines improved cell line reporting, that is,
whether cell lines are identifiable and misidentified cell lines are
avoided. Figure 2 shows the percentage of articles that use mis-
identified cell lines as obtained through the search method described
by Horbach and Halffman?® (Figure 2A) and in the dataset of Babic,
Capes-Davis, Martone, Bairoch, Ozyurt, Gillespie and Bandrowski®®
(Figure 2B). Figure 2A shows a generally lower percentage of articles
that use misidentified cell lines than Figure 2B. This is not surprising,
because cell lines are usually mentioned in the methods section of an
article, and the search method showed in Figure 2A is restricted to
the title, keywords and abstract, as well as citation of an establish-
ment article. Figure 2 shows that the use of misidentified cell
lines—according to both methods—decreases both for journals with
guidelines as well as for comparable journals without guidelines. This
is in line with the recent decrease observed by Babic, Capes-Davis,
Martone, Bairoch, Ozyurt, Gillespie and Bandrowski.2® Interestingly,
the decrease seems to have started before the implementation of the
guidelines in 2013 and 2015. Furthermore, the implementation of the
guidelines in 2013 and 2015 does not seem to have accelerated
the decrease. This suggests that the implementation of guidelines
itself was not the prime driver of improved cell line usage. However,
we have to be cautious in drawing this conclusion, since the imple-
mentation was relatively recent, and due to limitations of the search
methods.

We also performed a more detailed study of the articles that used
misidentified cell lines as obtained through the search method
described by Horbach and Halffman?® for the International Journal of
Cancer (IJC). IUC implemented its guidelines in 2010—stringent since
2011—and evaluated its guidelines to be effective.?? As a control, we
used a comparable journal without guidelines: Blood. In our samples,
we found a larger fraction of false positives than expected. Horbach
and Halffman®® estimated the share of articles falsely identified as
using misidentified cell lines to be maximum 10%. However, in the
sample used for our case study, we find that no misidentified cell line
was used in 36% of 1JC (90/250) and 55% of Blood (138/251) articles
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FIGURE 2 Distribution of (A)
articles in which the used cell lines
were misidentified as obtained by

Percentage of articles that use misidentified cell lines as obtained
through the search method described in Horbach and Halffman (2017)

O,
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in this sample. Some of these articles—11 in IJC and 6 in Blood—were
articles warning about (a) misidentified cell line(s). We used the
remainder of the articles for our analysis.

Figure 3 shows the articles that used a misidentified cell line in
1JC and Blood. In both 1JC and Blood, the number of articles that use
a misidentified cell line decreases over time, indicating an increase
of awareness for the problem of misidentified cell lines. This gen-
eral level of awareness might differ between research communities
and their journals. We will revisit this issue in our discussion sec-
tion. For 1JC, this decrease seems to have accelerated after the
implementation of guidelines (Figure 3A). However, there are still
some articles that use a misidentified cell line after the implementa-
tion of the guidelines. Nevertheless, the majority of these articles
(five out of six) did not use a misidentified cell line after it was first
reported to be misidentified, which, in combination with the
decrease in number of articles using misidentified cell lines without
demonstrating awareness of their misidentification, constitutes a

hopeful trend.

We then reanalysed the dataset of Menke, Roelandse, Ozyurt,
Martone and Bandrowski2* to show how the implementation of jour-
nal guidelines affected the percentage of cell lines that were authenti-
cated or uniquely identifiable. Figure 4 shows the percentage of cell
lines that were identifiable (Figure 4A) or authenticated (Figure 4B) in
articles published in journals of BMC (with guidelines since 2015),
Nature Portfolio (with guidelines since 2013; stringent since 2015), in
other journals with guidelines, and in the control group consisting of
journals without guidelines regarding cell line authentication.

The implementation of journal guidelines does not mark a general
improvement in cell line identification (Figure 4A). In contrast, Figure 4B
indicates a large increase of cell line authentication in Nature Portfolio
journals, which does not occur in journals of BMC or journals without
guidelines, suggesting this increase is caused by the specific conditions
under which guidelines are implemented. In addition, Figure 4B shows a
general, small but noticeable, increase in the percentage of authenticated
cell lines over time. As this increase is also found in journals without

guidelines, this suggests a general upsurge of awareness of the issue of
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B Same tissue type—after first reported
® Aware of misidentification

cell line authentication. However, it is possible that this observed
improvement mostly represents an increase in checking for mycoplasma
contamination rather than cell line authentication, since the dataset of
Menke, Roelandse, Ozyurt, Martone and Bandrowski?* makes no distinc-
tion between these. Previous research indicated an overall decrease of
mycoplasma-contaminated cell lines, whereas the number of mis-

identified cell lines remained stable.?

3.2 | Antibodies

Similar to initiatives regarding cell lines, some journals have

implemented guidelines to improve antibody validation and

reporting. These journals require information on antibody vali-
dation or identification, such as via an RRID. Figure 5 shows
the percentage of identifiable antibodies in articles of journals
of BMC, Nature Portfolio, other journals with guidelines and in
journals without guidelines as obtained through reanalysis of
the dataset of Menke,
Bandrowski.2* For all journals, the identifiability of antibodies

Roelandse, Ozyurt, Martone and
seems to increase over time. This increase seems to be less
steep for BMC journals and journals without guidelines than for
journals of Nature Portfolio and other journals with guidelines.
This again suggests that other factors beyond the presence of
guidelines improve identification rates, a finding in line with

previous research.*®
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FIGURE 4  Distribution of (A) Average percentage of cell lines that were identifiable in journals

articles in which the used cell with and without guidelines
lines were identifiable (A) or

authenticated (B) in BMC
(guidelines since 2015) and
Nature Portfolio (guidelines since
2013, stringent since 2015)
journals, in other journals with
guidelines (implementation date
unknown) and in journals without
guidelines [Color figure can be
viewed at wileyonlinelibrary.com]
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FIGURE 5 Distribution of articles in which the used antibodies were identifiable in journals of BMC (implementation year unknown), Nature
Portfolio (checklist since 2013) and other journals with guidelines (implementation year unknown) and of journals without guidelines [Color figure
can be viewed at wileyonlinelibrary.com]
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3.3 | Laboratory animals

The ARRIVE guidelines aim to improve the reporting of animal
research, considering the reporting of the animal used in a uniquely
identifiable way as a step in the right direction. We analysed how
referring to the ARRIVE guidelines affected the number of articles
with identifiable organisms. We must note that the Menke, Roelandse,
Ozyurt, Martone and Bandrowski?* dataset we could use here
includes all organisms and not only animals, whereas the ARRIVE
guidelines only concern animals. Figure 6 shows the percentage of
identifiable organisms in articles in journals of BMC, Nature Portfolio,
other journals that refer to the ARRIVE guidelines and in journals that
do not refer to the ARRIVE guidelines. For all journals, the number of
articles in which the organism used is identifiable does not seem to
substantially increase or decrease over time, consistent with the gen-
erally low compliance with the ARRIVE guidelines as indicated in pre-

vious research.242¢

4 | CONCLUSIONS AND DISCUSSION

Our study gathered data from a range of sources to assess the effect
of journal guidelines on reported identification and validation informa-
tion for biomedical experimental materials. While finding some vari-
ability, the general pattern presents a modest improvement of
reporting adequacy over time. Overall, we observed an improvement
in cell line and antibody reporting in both journals with and without
guidelines which could be—partly—due to an increased awareness.
Over the years, various efforts have been made to increase awareness
for both problems with cell lines and antibodies. Many articles and
editorials addressing problems with cell lines and antibodies have
been published.’”:122527-30 |CLAC was founded,®* a standard for cell
line authentication was set,? and the NIH now requires authentica-
tion of key biological resources, including cell lines and antibodies, for
grant funding (NOT-OD-15-103, NOT-OD-16-011 and NOT-OD-
16-012). Antibody registries such as CiteAb®® and the Antibody

FIGURE 6 Distribution of
articles in which the organisms
used were identifiable in journals
of BMC (implementation year
a unknown), Nature Portfolio
| (checklist since 2013), other
journals that refer to the ARRIVE
guidelines (implementation year
unknown) and journals that do
not refer to the ARRIVE
guidelines [Color figure can be
viewed at wileyonlinelibrary.com]

2016 2018 2020

Journals without guidelines

Registry34 now exist, several workshops and international confer-
ences have been hosted to tackle the problem of antibody

3536 and a series of webinars have been created to increase

validation,
awareness.>” Finally, journal guidelines—whether or not actively
enforced—may also contribute to increased awareness.

However, while journal guidelines may constitute meaningful
measures for increasing awareness, they only occasionally seem to
cause drastic improvements in reporting quality. Therefore, we con-
clude that journal guidelines in themselves are not a quick fix to repair
shortcomings in biomedical resource documentation, even though
they can be part of the solution. Other, local and contextual factors
most likely affect the efficacy of journal guidelines, such as the precise
conditions of guideline implementation. For antibodies, similar factors
were previously discussed regarding both identifiability?* and valida-
tion information.®

From a social science perspective, the variability of reporting
guidelines' efficacy should not come as a surprise. Rules require legiti-
macy, enforcement and visibility among the regulated. Requirements
must be doable under practical constraints, and general statements
should be translatable to research practices in all their rich varia-
tion.383 Rules that are considered toothless or meaningless bureau-
cracy may simply be ignored, or even worse: lead to cynicism or token
compliance. Among researchers, cynicism may in turn even erode
commitment to research integrity.*® Organisations may also issue reg-
ulations primarily as symbolic tokenism in times of moral indignation,
rather than as effective action plans, or they may simply lack effective
power or resources to implement regulations.*?

After familiarising ourselves with the different guidelines,
journals, editorial policies and literature, and after analysing available
data, we can now hypothesise the factors that might influence guide-
lines' effectiveness. Future studies could assess these hypotheses in
more detail.

One of the factors potentially influencing guidelines' effective-
ness relates to their accessibility. We encountered strong variability of
guidelines visibility between journals. Browsing through many Author

Instructions, Editorial Policies, Guide to Authors and more, we noticed
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that these guidelines are often long and sometimes hard to find. To
illustrate, Nature Portfolio refers to the ARRIVE guidelines under the
heading Ethics and Biosecurity and not under Reporting standards and
availability of data, materials, code and protocols, which is peculiar since
the ARRIVE guidelines are a reporting standard. In addition, many of
the journals of Nature Portfolio besides the Nature Portfolio Policies
also have their own Guide to Authors, Editorial Policies and in some
cases also a different Reproducibility Checklist. It therefore seems likely
that not all authors—and possibly not even all editors—read and
remember the complete author instructions. This becomes even more
probable when considering the length and complexity of the instruc-
tions in combination with the increasing pressure on researchers to
publish, and the common practice that a manuscript is often sent to
multiple journals before it is accepted. Moreover, authors may only
become aware of the existence of these guidelines when explicitly
asked to comply upon manuscript submission when the experiments
are already conducted.

Another potentially important factor relates to the guidelines'
content and wording. Also in this respect, we noticed several differ-
ences among the guidelines studied for our analyses. For example,
some journals ask researchers to check whether employed cell lines
are on ICLAC's list of known misidentified cell lines, whereas other
journals ask researchers to actively authenticate their cell lines, such
as by comparing STR profiles against online databases.®? In addition,
differences in wording suggest variation in guideline strictness, such

5

as: ‘we recommend .., ‘fwe] strongly encourage authors to ...,

B

‘author must declare ..." or ‘details need to be provided for ..." (see
Supplementary material S1). There is, therefore, significant variation in
the specificity, directiveness as well as resources and efforts required
to comply.

Thirdly, guidelines' effectiveness might depend on the way in
which they are embedded in the editorial process and how they are
supported by other initiatives. To enhance compliance with their
guidelines, several journals use various kinds of checklists. These
range from internal checklists used in the editorial process, to check-
lists authors are required to complete at submission, such as Nature
Portfolio's.X? In some cases, the desired effect was indeed observed
after the incorporation of these checklists in the publishing
process,l‘r"42 but other studies, including in the context of the
ARRIVE guidelines, show little improvement.***3** Besides check-
lists, some journals provide editorial support for compliance, such as
regarding RRIDs: RRIDs were barely used in journals with only
instructions to authors. Compliance was higher when, in addition to
author instructions, letters were sent to the authors or the staff
suggested specific RRIDs to the authors.*®> Some journals try to
motivate their authors to comply to their guidelines by rewarding
authors that do so with a badge. However, in the case of data shar-
ing, there was no noticeably effect of this incentive.*® Nevertheless,
these endeavours suggest that putting additional effort in improving
guidelines' practicality from an author, or 'user', perspective, is likely
to increase compliance. This support and active enforcing of the
guidelines by the editors, is, however, time-consuming and thus

expensive.?? In addition, it requires expertise among the editorial
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staff that may not always be available or too heavy a burden for a
journal's business model.

Hence, while the expectations for journals to enforce guidelines
may be high, we should keep in mind that the power of journals to do so
is not absolute. Journals also depend on researchers to submit papers
and if journal guidelines are considered unreasonable, submissions may
migrate to other journals. While the top journals may be in a strong posi-
tion, most journals may not be able to run ahead of the herd. Our com-
munication with an editor has provided anecdotal evidence in which a
neurology journal made their antibody validation requirements less strin-
gent 16 years after implementing them because of a submission-drop
and concerns about the journal's future (email communication with edi-
tor). These are all interesting avenues for further investigation.

When interpreting our study's findings, one should be considerate
of the following limitations. The method described by Horbach and
Halffman,?° used to identify articles with a misidentified cell line,
seems to lead to more false positives than previously thought. All
other datasets are limited to the open access subset of PubMed,
which does not only result in a relatively small sample size, but might
also not be representative for entire research literature, still primarily
consisting of nonopen access articles. In addition, our indicators may
not be perfect proxies for what we aim to measure. For example,
organism identifiability includes all organisms and not only animals.
Finally, not all precise practices and even formal processes of editorial
offices are known to us—among which the years of implementing
guidelines regarding antibody reporting and endorsement of the
ARRIVE guidelines. Lastly, we used Blood as a comparable journal
without guidelines for IJC. However, since the German cell bank
DSMZ published extensively on haematological cell lines,2>2747-51 the
awareness of potential issues relating to misidentified cells may be
above average in the community of researchers publishing in Blood.
Thus, in other journals without guidelines, outside of this community,
the awareness may still be lower, and, consequently, the use of mis-
identified cell lines higher than in Blood.

All in all, we conclude that while journal guidelines can be part of
the solution of resource misidentification, they are not a quick fix for
the problem of failing resource identification. While we find that journal
guidelines may contribute to improved reporting and authentication,
they are but one factor in a broader development of research standards.
Their effect appears to depend on the precise conditions of implemen-
tation, as well as support in the research community, and requires a
consideration of resource availability. In line with previous analyses of
reporting guidelines more generally,*? issuing and announcing guide-
lines in itself has a limited effect and requires additional measures.
Future research on the effectiveness of guidelines to improve biomedi-
cal research material identification and authentication should therefore

take the context of their implementation into account.
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