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JCB: Editorial

Growing concerns about the reproduc-
ibility of published research threaten 
to undermine the scientific enterprise 
and erode public trust. Conscientious 
application of “best practices” for the 
generation and reporting of research, 
along with post-publication access to 
raw data and other research mate-
rials, will protect the integrity of the  
research literature.

Research reproducibility is an in-
creasingly major concern in biomedical 
research. It is crucial to the scientific 
enterprise, not only because it underpins 
the accuracy and integrity of our pub-
lished literature, but also because basic 
research increasingly contributes to the 
development of innovative clinical thera-
pies. Recent accounts describe frustrating 
experiences of pharmaceutical compa-
nies attempting to build upon basic and 
translational research studies, notably in  
cancer biology. These companies encoun-
tered surprisingly low reproducibility 
(<25%) of published work (Prinz et al., 
2011; Begley and Ellis, 2012). Ironi-
cally, the validity of these commentaries 
cannot be assessed because they do not 
provide primary research data. However, 
others have raised similar concerns about 
reproducibility in a significant propor-
tion of published papers, and this has in 
turn raised concerns at funding agencies 
(Ioannidis, 2005; Landis et al., 2012; 
Collins and Tabak, 2014). Recent dia-
logue about the potential causes of low 
reproducibility has focused on training,  
journal practices, pressure to publish 
quickly, lack of appropriate controls, 
and inefficient self-correction. Are these 
perceived problems real, and if so how 

should the scientific community respond 
in order to enhance reproducibility?

Drawing on our many decades of 
service as editorial board members of 
JCB, we would like to offer a few im-
pressions. First and foremost, our expe-
rience is that reproducibility problems 
most likely arise from mistakes in per-
forming and reporting original research, 
or from the inability to reproduce special-
ized methods, rather than from scientific 

misconduct. One approach that provides 
a semiquantitative window into the issue 
of data integrity in individual papers 
was pioneered by JCB in 2002 (Rossner, 
2002). Since then, our production team 
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and editorial staff have screened image 
and gel data in >4,000 papers that had 
been approved for publication by both 
external reviewers and our own scien-
tific editors. Over these past dozen years, 
15% of papers (600) sent to produc-
tion for publication contained inappro-
priate presentation of data. Most were 
subsequently corrected by the authors after 
reformatting their primary data to ensure 
confidence in its authenticity. Only 1% 
of papers (40) could not be published 
due to serious discrepancies, which might 
reflect the level of scientific misconduct 
in manuscripts submitted to JCB. There 
is still a significant gap that needs to be 
addressed between the 15% of problems 
involving author errors in presentation 
and the 50% or more of irreproducibility 
suggested in some commentaries.

The analysis from Madsen and 
Bugge in this issue provides a new type 
of hard data identifying concerns about 
reproducibility. The authors looked for 
agreement among 200 publications ad-
dressing a single, heavily studied and im-
portant research question. They directly 
compared findings from numerous peer-
reviewed, published studies to determine 
the identity of the cell or tissue type that 
produces the proteases mediating matrix 
degradation in four common tumors. 
There were major discrepancies between 
the conclusions of these studies, even 
among those that appeared to use appro-
priate controls. Madsen and Bugge (2015) 
identify a series of possible sources of this 
vexing lack of reproducibility and recom-
mend approaches for future studies.

In light of this analysis and various  
other publications and commentaries,  
what can the cell biology community—and 
particularly we at JCB—do to help us solve 
this troubling problem of reproducibility?

Best practices
We suggest that authors, reviewers, and 
editors seriously consider adopting the 
following best practices for reproduc-
ibility. Many of these used to be integral 
to any serious study, but now seem to be 
given less consideration.

Provide complete methodol­

ogy. Each study should provide detailed 
descriptions of methods to permit repli-
cation by other laboratories, and authors 
should be prepared to share all unique 

research materials after publication. Both 
are currently mandated by JCB and  
by many funding agencies. Experiments 
should include a sufficient number of 
independent replications when practi-
cal, sufficiently large sample sizes with 
convincing magnitudes of effects (or 
no effect), and, when appropriate, other  
best-practice approaches including ran-
domization, observer blinding, validation  
of cell lines, and appropriate statistical 
analysis as described in recent guidelines  
from journal editors (http://www.nih.gov/ 
about/reporting-preclinical-research.htm).

Apply independent approa­

ches. Key conclusions should be 
evaluated and supported if possible by 
independent means of analysis; for ex-
ample, beyond showing imaging data, 
providing quantification by immuno
blotting, testing conclusions by genetic 
manipulation, and ideally providing at 
least some insight into mechanisms.

Deposit primary data. The 
raw data underlying each published con-
clusion should ideally be readily avail-
able to both reviewers and readers after  
publication. There are two major bene
fits from such public deposit of raw data:  
(1) The research community can be as-
sured that the study rests on sufficiently 
strong data, and it will reduce the tempta-
tion to show only the best results (“cherry 
picking”) or inappropriately manipulate 
data. (2) Other researchers may be able  
to use that data for further analysis, of  
course under appropriate guidelines anal
ogous to those in place for primary ge-
nomic data. A major question is where 
should the large amounts of primary data 
be archived? Depositing of complex data 
in public databases such as GenBank, 
the Gene Expression Omnibus (GEO), 
Peptide Atlas, and the Protein Data Bank 
is well established. However, there are 
very few repositories for primary imaging 
data, as well as the numerical data used  
to generate tables and graphs. Ideally, the 
raw or minimally processed images or 
other forms of primary data underlying  
each of the repeats of key experiments 
(not merely the figures shown) should be  
deposited along with associated meta-
data descriptive information. JCB has 
led the way in this regard by hosting 
the JCB DataViewer: a cross-platform  
repository for large amounts of raw  

imaging and gel data (Williams et al., 
2012), and potentially other forms of 
data for its published manuscripts. At 
present, data deposition is recommended 
but not mandated. The JCB DataViewer 
currently contains 4 terabytes of data, 
and it can hold considerably more. More 
generally, many philosophical and prac-
tical issues concerning publication of raw 
data are under wide discussion, including 
the types of raw imaging data appropri-
ate for deposition, the need for standard-
izing the data presented, and centralized 
databanks (e.g., see Kratz and Strasser, 
2014). Ultimately, funding agencies or 
academic institutions should consider 
supporting large primary image data re-
positories for the full range of biomedi-
cal journals.

Resolve failures to repro­

duce. Researchers who encounter dis-
crepancies between their conclusions and 
published work, or those whose work can-
not initially be replicated, should make 
good-faith efforts to resolve the differ-
ences by working together with other lab-
oratories to try to determine the sources 
of nonreproducibility. Even though this 
cooperative approach may sometimes 
prove difficult for interpersonal or politi-
cal reasons, it should be attempted. Such 
comparisons can lead to novel collab-
orative findings of broad interest (Wolf  
et al., 2013; Hines et al., 2014).

Common sources of 
nonreproducibility
Three specific technical approaches are 
likely to be the source of much experi-
mental irreproducibility:

Antibodies. Studies that depend 
on antibodies require validation to es-
tablish the specificity and sensitivity of 
the reagent. Western immunoblotting 
generally only validates the ability of an 
antibody to recognize an SDS-unfolded 
protein, and not necessarily the native 
3D protein structure often needed for 
immunofluorescence (IF) and immuno-
precipitation (IP) studies. Consequently, 
appropriate specificity controls with care-
ful validation are essential. This is clearly 
more important for IF, as confirmation 
of molecular weight is not available as 
in Western blots and IPs. It is not good 
practice to assume antibody specificity 
just because the company selling it calls 
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it “specific.” Experiments using several 
independent antibodies to the same mol-
ecule are more convincing than using a 
single antibody.

Small molecule inhibitors. 
Most small molecule inhibitors used today 
seem to be designated “specific,” yet it is 
unlikely that any small molecule really fits 
that description. Our view is that people 
use this word carelessly or, even worse, to 
obfuscate and thereby avoid using alterna-
tive approaches to exploring a pathway. 
Some insight into this problem can be seen 
in various comparative studies, notably 
with kinase inhibitors (Bain et al., 2007).

RNAi. RNAi approaches have 
revolutionized our ability to interrogate 
pathways in diverse organisms, but arti-
factual results due to “off-target” effects 
have been widely reported in signal-
ing pathways (Schultz et al., 2011) and 
in cell cycle control (Tschaharganeh  
et al., 2007). Despite this, papers still ap-
pear describing a phenotype induced by 
a single RNAi. An initial rule of thumb 
has been to use at least two siRNAs for 
each gene to demonstrate similar effects, 
but while this is expedient and often sat-
isfies reviewers, it is likely to account for 
much irreproducibility in the literature. 
Three or four independent siRNAs are 
safer, and of course, the best approach is 
to show “rescue” from the RNAi effects 
after experimental expression of a cDNA 
containing an siRNA-resistant mutation.

A final comment relates to the im-
portance of transmitting general aware-
ness of the problem of reproducibility, 
and of having this discussion with train-
ees as they enter the research community. 
We need to better educate our students,  
postdoctoral fellows, and staff about 
these issues. The National Institutes of  
Health is holding workshops on research  
reproducibility (e.g., http://videocast.nih 
.gov/summary.asp?Live=15277&bhcp=1)  
and is supporting research toward this 
aim through the R25 funding mecha-
nism. We at JCB will continue to draw 
upon the expertise and judgment of our 
scientific editorial board, our reviewers, 
and our production and editorial staff at 
the Rockefeller University Press to en-
sure that only the highest-quality work 
is published.
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