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During the 1950s, cross-contamination of cell lines emerged as a problem with
serious consequences on the quality of biomedical research. Unfortunately, this
situation has worsened over years. In this context, some actions should be ur-
gently undertaken to avoid the generation of misleading data due to the increas-
ingly and sometimes neglected use of cross-contaminated cell lines. Unaware-
ness about this problem may then turn many scientists into victims or even perpe-
trators of this unwanted situation. Collaborative actions involving researchers,

cell banks, journals, and funding agencies are needed to save the scientific repu-
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leading data.

False cell lines: ghosts in biomedical research

Cell lines are widely used in several aspects of biomedi-
cal research, particularly in pharmacological sciences as valu-
able tools to test pharmacological activities and dissecting
mechanisms of drug actions and to study putative pharma-
cological targets among others experimental approaches, in
addition to the classical advantages, such as easy handling,
an unlimited self-replicating source, a high degree of
homogeneity, and easily replacement of frozen stocks'".
However, the use of cell lines in biomedical research has
intrinsic limitations, such as genotypic and phenotypic drifts.
A serious extrinsic problem, referred to the concept of false
cell lines, has largely been ignored over years. The problem
arises from cross-contamination and the continued use of
cross-contaminated cell lines under false descriptions.

Cross-contamination of cell lines has thus emerged as a
real problem which seriously compromises the quality of
research, and unfortunately, a large portion of the scientific
community is still apparently unaware of or indifferent to
this problem >,

This problem was first reported in the 1950s, largely due
to interspecies contamination'”. In the late 1960s, a shock-
ing report demonstrated that most (if not all) of the putative
unique human cell lines available at that time were actually
derivatives of the HeLa cell line®™. In the next 2 decades, the
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tation as well as many public or private resources that are used to produce mis-

situation remained without major improvements'®”,

However Pandora’s box was really opened in the 1990s,
mainly due to the availability of new techniques for check-
ing cell line identities, showing that the problem is still ex-
panding and affects many cell lines used as classical in vitro
models for many years. At present, the incidence of research
papers flawed by the use of misidentified and cross-con-
taminated cell culture is estimated to be between 15% and
20%"!.

In 1999, a survey performed by the German Collection of
Microorganisms and Cell Cultures, identified that 18% of
cell lines analyzed (45/252) were cross-contaminated by the
originators®.

However, the magnitude of this situation is probably
higher because many cell lines currently in use in individual
laboratories throughout the world are obtained indirectly
and not from recognized cell repositories.

One of the most affected areas is cancer research, and
particularly cancer pharmacology, considering that in vitro
models using cancer cell lines are widely used in many
laboratories. Obviously, this situation also reaches tumor
implantation models.

In this area, HeLa cells, the first established human can-
cer cell line, are reported to be the origin of many cell lines
now in use by researchers, apparently derived from different
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tissues as demonstrated for heart (Girardi heart), epidermoid
cancer (KB), liver (Chang liver), eye, and amnion (WISH) cell
lines!"” The real magnitude of this problem was highlighted
by Masters in 2005""; a search in Medline (2000-2004)
showed that many cell lines, known as HeLa cell cross-
contaminants, were claimed to be from different origins by
authors, appearing in 9 citations for Int-407 (“intestinal” cells),
45 citations for WISH (“amnion” cells), 59 citations for Chang
liver (“liver” cells), 470 citations for Hep-2 (“human nasal
carcinoma cells’), and 556 citations for KB (“oral carcinoma”
cells). In total, there were 1149 papers in which false cell
lines were used.

A similar situation has also occurred with some prostate
carcinoma cell lines">"*, TSU-Pr1 was originally described
in 1987 as having been derived from a prostate carcinoma
lymph node metastasis"¥. Later, JCA-1 was described in
1990 as having been derived from a primary prostate carci-
noma™. Both cell lines, originally believed to be of pros-
tatic origin, and therefore widely used for many years as
prostatic carcinoma models, are actually derivatives of the
bladder carcinoma cell line T24"%.

Multidrug resistance is an intensive research area in can-
cer pharmacology in which the use of cell lines as experimen-
tal models is widely accepted. MCF-7/AdrR cells, express-
ing P-glycoprotein (ABCB1), were among the first multidrug-
resistant cell lines derived by continuous in vitro exposure
to increasing drug concentrations"”'®, Both MCF-7/AdrR
cells and the presumed parental cell line MCF-7 were part of
the famous NCI 60 panel, a group of 60 selected human can-
cer cell lines that has been utilized since 1990 in various
pharmacological®*”, pharmacogenomic™®!, and proteomic
screening programs™. In the late 1990s, the MCF-7 and
MCEF-7/AdrR cell lines were reported as most likely derived
from 2 different donors™!. Veryrecently, MCF-7/AdrR, which
was then redesignated as NCI/Adr-RES, was found to be
derived from OVCAR-8 ovarian adenocarcinoma cells®*.
Furthermore, human leukemia—lymphoma cell lines are ex-
tremely important resources for research in many disciplines,
not only those dealing with cancer. Recently, a large study
carried out in 550 leukemia—lymphoma cell lines demonstrated
alarming results. The overall incidence of cross-contami-
nated cell lines reached almost 15%, either among cell lines
obtained directly from original investigators (59/395) or when
cell lines were obtained from secondary sources (23/155). It
is noteworthy that classic leukemia cell lines, such as CCRF-
CEM, HL-60, JURKAT, K-562, and U-937 were found to ac-
count for the majority of cross-contaminations,

Vascular biology is another important area where cross-
contamination is a real menace to research quality. Today
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the role of endothelium in cardiovascular and immune
systems, as well as in processes, such as inflammation, tu-
mor angiogenesis and metastasis, is well-documented*"),

In this sense, many endothelial cell lines are widely used
as alternative models to the time-consuming and low-yield-
ing approach of human umbilical cord endothelial cell pri-
mary culture.

For many years, one of these cell lines (ECV304) was
considered to be a spontaneously transformed line derived
from a Japanese human umbilical vein endothelial cells
(HUVEC) culture!®®!, However, differences between ECV304
and HUVEC were increasingly reported, leading to the con-
clusion that ECV304 is a derivative of the human urinary
bladder carcinoma T24 cell line because of cross-contamina-
tion""),

At present, and after almost 1 decade of the original report
that alerted the scientific community, many papers are still
published using ECV304 as a human endothelial cell line™".

In regards to the cross-contamination of ECV304, great
effort has been made to publicize the fact that this cell line is
a derivative of T24, particularly those carried out by impor-
tant cell and tissue repositories, including the German Cul-
ture Collection of Microorganisms and Cell Cultures, who
were the first to report the cross-contamination, the Ameri-
can Type Culture Collection (ATCC), and the Japanese Col-
lection of Research Bioresources. This information is explic-
itly stated in their catalogues and websites, and the ATCC
has even contacted all customers who have ever purchased
this cell line, alerting them about it. In spite of this, a simple
search in Pubmed showed more than 35 papers published
during 2007. Some authors still argued its usefulness con-
sidering the endothelial cell-like features displayed by this
cell line®. However, all scientists should seriously take
into consideration that ECV304 is not of HUVEC origin and
is therefore an inappropriate cell line to study endothelial
cell biology.

Calling for ghostbusters

It is important that scientists, the main actors in this ex-
panding situation, assume that the authentication of all cell
lines should be an essential part of any cell culture operation
in either research or academic laboratories. It is not a theo-
retical problem anymore; the consequences of working with a
cell line that is misidentified or cross-contaminated with cells
from different origins has became a real problem with serious
consequences, such as invalidating results, loss of scientific
credibility, and even devaluing products or drugs®™.

It is therefore important to perform identity-checking pro-
cedures in all cell cultures. At present, many methods are
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available from different complexities and costs, covering
enzyme polymorphisms determination", cytogenetic analy-
sis™!, HLA typing®¥, immunophenotypic and immunocy-
tochemical analyses®”, and finally, DNA fingerprinting™®.
More recently, short tandem repeat profiling of DNA has
been shown to provide an international reference standard
that could be applied to human cell lines"*”,

Different authors have discussed different approaches
to stop the problem of using false or cross-contaminated cell
lines®*®. However, one important point is that many
researchers, reviewers, and even journals appear to be un-
aware of which cell lines are known or suspected to be
contaminated, even after they has been reported. Therefore,
important actions have been taken by cell banks by increas-
ingly checking submissions, stopping the delivery of con-
taminated cell lines, and informing all users of the corre-
sponding information in their websites. However, it should
be mentioned that many cell lines are shared between re-
searchers before being submitted.

It has become increasingly important that researchers
demonstrate that research is conducted to the highest
standards. In this context, laboratory directors must ensure
the implementation of quality assurance programs as part of
the quality control system established for any standard oper-
ating procedures, and they should ensure that all staff mem-
bers are made aware of the problem of cross-contamination.

Researchers should also know that if the performance of
any cell lines is not consistent or if results are unexpected,
identity checking is highly recommended. If identity-check-
ing procedures are not available in their laboratories, there
are many institutions worldwide that offer speedy cell line
identity-checking services at reasonable prices.

Journal Club has become a well-known and important
activity in any research group, offering a scenario for analy-
sis and discussion of scientific papers, experimental data,
techniques, as well as many other activities. The inclusion
of topics dealing with research quality particularly cell line
cross-contamination, undoubtedly help to disseminate this
information. It is worth mentioning that graduate and doc-
toral students are always very motivated to attend these
activities, and therefore the message will be also directed to
a new generation of scientists.

Another important role should be assumed during the
peer-review process, particularly by reviewers. Reviewers
should check that the papers do not use cell lines already
declared as false or cross-contaminated by cell repositories,
taking in mind that the work the researchers carried out is
essential in sustaining the reputation of the journal they are
contributing to, in addition to all efforts made by editorial

boards and editors. Unfortunately, it is apparent that many
referees and even some editors are unaware of the problems
associated with false cell lines. Perhaps the availability of
this information inside the journal’s webpage, particularly in
the instructions to authors section, explicitly or through links
to a list of cell lines known to be cross-contaminated, will
make many researchers aware that their cell lines may be
from sources other than cell banks. This action may have
positive effects considering that many researchers have be-
come victims or even perpetrators of this unwanted situation,
mainly because they were unaware of the situation.

In summary, this situation is of major concern. It must be
faced with seriousness to stop the apparent unawareness of
some researchers about cell line identity. Collaborative ac-
tions involving researchers, cell banks, journals, and fund-
ing agencies are needed to save scientific reputations, as
well as many public or private resources that are used to
produce misleading data.

Author contribution

ArmandoROJAS, Ileana GONZALEZ, Héctor FIGUEROA
jointly developed the plan and outline of the article, and
worked together on performing the literature review, write
and edit the manuscript

References

1 Combes RD. The use of human cells in biomedical research and
testing. Altern Lab Anim 2004; 32: 43-9.

2 Nardone RM. Eradication of cross-contaminated cell lines: A
call for action. Cell Biol Toxicol 2007; 23: 367-72.

3 Lacroix M. Persistent use of “false” cell lines. Int J Cancer
2008; 122: 1-4.

4 Rothfels FH, Axelrad AA, Siminovitch L, McCulloch EA, Parker
RC. The origin of altered cell lines from mouse, monkey, and
man, as indicated by chromosome and transplantation studies. In:
Begg RW, editor. Canadian Cancer Conference, Proceedings of
the 3rd Canadian Cancer Research Conference. 1958, June 17-21,
Ontario, Vol 3. New York: Academic Press Inc; 1959. p 189-214.

5 Gartler SM. Genetic markers as tracers in cell culture. J Natl
Cancer Inst 1967; 26: 167-95.

6 Lavappa KS, Macy ML, Shannon JE. Examination of ATCC
stocks for HeLa marker chromosomes in human cell lines. Na-
ture 1976; 259: 211-3.

7 Nelson-Rees WA, Daniels DW, Flandermeyer RR. Cross-con-
tamination of cells in culture. Science 1981; 212: 446-52.

8 Master JR. HeLa cell 50 years on: the good, the bad and the ugly.
Nat Cancer Rev 2002; 2: 315-9.

9 MacLeod RAF, Dirks WG, Matsuo Y, Kaufmann M, Milch H,
Drexler HG. Widespread intraspecies cross-contamination of
human tumor cell lines arising at source. Intl J Cancer 1999; 83:
555-63.

10 Buehring GC, Elizabeth A, Michael J. Cell line cross-contamination:

879



Rojas A et al

Acta Pharmacologica Sinica ISSN 1671-4083

11

12

13

14

15

16

17

18

19

20

21

22

23

24

880

how aware are mammalian cell culturists of the problem and how
to monitor it? In Vitro Cell Dev Biol Anim 2004; 40: 211-5.
Masters JR. DNA profiling and the authentication of cell lines.
In Vitro Cell Dev Biol 2005; 41: (abstract) 6A.

van Bokhoven A, Varella-Garcia M, Korch C, Hessels D, Miller
GJ. Widely used prostate carcinoma cell lines share common
origins. Prostate 2001; 47: 36-51.

Varella-Garcia M, Boomer T, Miller GJ. Karyotypic similarity
identified by multiplex-FISH relates four prostate adenocarci-
noma cell lines: PC-3, PPC-1, ALVA- 31, and ALVA-41.
Chromosomes Cancer 2001; 31: 303-15.

Tlizumi T, Yazaki T, Kanoh S, Kondo I, Koiso K. Establishment
of a new prostatic carcinoma cell line (TSU-Prl). J Urol 1987;
137: 1304-6.

Muraki J, Addonizio JC, Choudhury MS, Fischer J, Eshghi M,
Davidian MM, et al. Establishment of new human prostatic
cancer cell line (JCA-1). Urology 1990; 36: 79-84.

van Bokhoven A, Varella-Garcia M, Korch C, Gary J. TSU-Prl
and JCA-1 cells are derivatives of T24 bladder carcinoma cells

Genes

and are not of prostatic origin. Cancer Res 2001; 61: 6340-4.
Batist G, Tulpule A, Sinha BK, Katki AG, Myers CE, Cowan KH.
Overexpression of a novel anionic glutathione transferase in
multidrug-resistant human breast cancer cells. J Biol Chem 1986;
261: 15544-9.

Cowan KH, Batist G, Tulpule A, Sinha BK, Myers CE. Similar
biochemical changes associated with multidrug resistance in hu-
man breast cancer cells and carcinogen-induced resistance to
xenobiotics in rats. Proc Natl Acad Sci USA 1986; 83: 9328-32.
Monks A, Scudiero D, Skehen P, Shoemaker R, Paull K, Vistica
D, et al. Feasibility of a high-flux anticancer drug screen using a
diverse panel of cultured human tumor cell lines. J Natl Cancer
Inst 1991; 83: 757-66.

Weinstein JN, Myers TG, O’Connor PM, Friend SH, Fornace AJ
Jr, Kohn KW, ef al. An information-intensive approach to the
molecular pharmacology of cancer. Science 1997; 275: 343-9.
Scherf U, Ross DT, Walthan M, Smith LH, Lee JK, Tanabe L, et
al. A gene expression database for the molecular pharmacology
of cancer. Nat Genet 2000; 24: 236-44.

Nishizuka S, Charboneau L, Young L, Major S, Reinhold WC,
Waltham M, et al. Proteomic profiling of the NCI-60 cancer
cell lines using new high-density reverse-phase lysate microarrays.
Proc Natl Acad Sci USA 2003; 100: 14229-34.

Scudiero DA, Monks A, Sausville EA. Cell line designation change:
multidrug-resistant cell line in the NCI anticancer screen. J Natl
Cancer Inst 1998; 90: 862.

Liscovitch M, Ravid D. A case study in misidentification of
cancer cell lines: MCF-7/AdrR cells (re-designated NCI/ADR-
RES) are derived from OVCAR-8 human ovarian carcinoma cells.

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

Cancer Lett 2007; 245: 350-2.

Drexler HG, DirksWG, Matsuo Y, MacLeod RAF. False leuke-
mia—lymphoma cell lines: an update on over 500 cell lines. Leu-
kemia 2003; 17: 416-26.

Pries AR, Kuebler WM. Normal endothelium. Handb Exp
Pharmacol 2006; 176: 1-40.

Rojas A, Morales MA. Nitric oxide, an iceberg in cardiovascular
physiology: far beyond vessel tone control. Arch Med Res 2004;
35: 1-11.

Takahashi K, Sawasaki Y, Hata J, Mukai K, Goto T. Spontane-
ous transformation and immortalization of human endothelial
cells. In Vitro Cell Dev Biol 1990; 26: 265-74.

Takahashi K, Sawasaki Y. Rare spontaneously transformed hu-
man endothelial cell line provides useful research tool. In Vitro
Cell Dev Biol 1992; 28A: 380-2.

Dirks WG, MacLeod RA, Drexler HG. ECV304 (endothelial) is
really T24 (bladder carcinoma): cell line cross-contamination at
source. In Vitro Cell Dev Biol Anim 1999; 35: 558-9.

Rojas A, Gonzdlez I, Figueroa H. Letter to the Editor: Use and
misuse of ECV-304 cell line. Eur J Neurol 2008; 15: e8.

Suda K, Rothen-Rutishauser B, Giinthert M, Wunderli-Allenspach
H. Phenotypic characterization of human umbilical vein endot-
helial (ECV304) and urinary carcinoma (T24) cells: endothelial
versus epithelial features. In Vitro Cell Dev Biol Anim 2001; 37:
505-14.

Master JR. False cell lines: the problem and a solution. Cyto-
technology 2002; 39: 69-74.

Nims RW, Shoemaker AP, Bauernschub MA, Rec LJ, Harbell JW.
Sensitivity of isoenzyme analysis for the detection of interspecies
cell line cross-contamination. In Vitro Cell Dev Biol Anim 1998;
34: 35-9.

Rush LJ, Heinonen K, Mrézek K, Wolf BJ, Abdel-Rahman M,
Szymanska J, et al. Comprehensive cytogenetic and molecular
genetic characterization of the TI-1 acute myeloid leukemia cell
line reveals cross-contamination with K-562 cell line. Blood
2002; 99: 1874-6.

O’Toole CM, Povey S, Hepburn P, Franks LM. Identity of some
human bladder cancer cell lines. Nature 1983; 301: 429-30.
Quentmeier H, Osborn M, Reinhardt J, Zaborski M, Drexler HG.
Immunocytochemical analysis of cell lines derived from solid
tumors. J Histochem Cytochem 2001; 49: 1369-78.

Gilbert DA, Reid YA, Gail MH, Pee D, White C, Hay RJ, et al.
Application of DNA fingerprints for cell-line individualization.
Am J Hum Genet 1990; 47: 499-514.

Yoshino K, Iimura J, Saijo K, Iwase S, Fukami K, Ohno T, et al.
Essential role for gene profiling analysis in the authentication of
human cell lines. Human Cell 2006; 19: 43-8.



