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Summary
The use of cross-contaminated cell lines in canoer other biomedical research is at a

high level and increasing. Consequently, a sigaifigoroportion of the literature using cell lines
is misleading or false, tainting up to 20% of paations. What are the consequences?

1. The wastage of funds on biomedical research ighdtawed and often misleading.
Millions of dollars are spent on research usingdalell lines every year worldwide.
2. Many scientists believe or claim that they aoeking with cells derived from one tissue,

when they either know or could easily find out tha cells are derived from a different tissue.
This situation is unnecessary, unacceptable andrtithesis of fundamental scientific principles.
3. Loss of public support for biomedical sciencke Tonger the current situation continues,
the more likely it is to damage the credibility mbmedical science and risk the loss of public
funding.

In the past, there were excuses for the use dfserontaminated cell lines. Now,
standardized simple inexpensive methods are al@itabdetect and eradicate the problem. We
must take action now.

Preamble

Extensive cross-contamination of human and angmihkcultures with a variety of human
and animal cell lines is a long-standing probledthdugh extensive awareness dates back to the
1950's, the problem is not diminishing. Estimatesddl on submission of cell lines to major
repositories indicate that up to 20% of the culbumeay be cross-contaminated. As continuous
cell lines increase in use and as immortalizatibced lines becomes more common the problem
will become exacerbated unless strong, realistiasmees are taken to correct the situation.

The Consequences and Why Cross-Contamination NedwsEliminated

This “white paper” outlines major initiatives whicwhen applied in concert, could
rapidly diminish the problem. These initiativesldal cell line authentication as a condition for
receipt of grant funds from major agencies (NIH,ANSIHMI, ACS, etc.), authentication as a
condition for publication of cell culture-basedeasch in leading journals, and focused education
opportunities for technicians and scientists reigardprevention and detection of cross-
contamination.

The importance, the breadth, and the complexithefsubject require broad participation
in the evaluation and possible modification of #teategies outlined herein, as well as due
consideration of alternative strategies. Henceaiitaldle conference, to evaluate these strategies is
recommended.

This document shows that the basic understandinguses, prevention and detection of
cross-contamination are in place. It also advarhesview that a broad base of outstanding
leadership can rectify the situation.




Brief History
Cell line authentication by karyotyping and immlowgical approaches became objects of

interest in the late 1950’s and early 1960’'s (Ralthkt al, 1959, Defendi et al, 1960, Brand and
Syverton, 1962). The reports indicated special eoncfor continuous cell lines, such as
transformed cell lines and human tumor cell lindsightened attention followed in 1966 when
Stanley Gartler reported at the Second DecennigleReConference on Cell, Tissue, and Organ
Culture (1967) that 18 human cell lines of indemamcdorigin were overrun by Hela, the first
human cancer cell to be established in culture (@eyal, 1952). HelLa is a cervical
adenocarcinoma cell derived from an African-Amatidanor, Henrietta Lacks. Gartler based his
conclusion on karyotypic markers, the presencéefftype A (fast mobility) isozyme glucose-6-
phosphate dehydrogenase (which is found only ifncAfr Americans and at a frequency of 30%)
and Type 1 phosphoglucomutase, antigenic markera) susceptibility, and nucleic acid
hybridization profiles. We now attribute the ext@escontamination to the following: Hela,
because of its celebrated status, was widely biggd and passed on from lab to lab, where
practitioners did not always exercise stringene @ard/or were oblivious to cross-contamination
as a problem. Also, HelLa proved to be a very robektin culture capable of overgrowing many
other cells in mixed culture. The reaction of tlegestists at the Decennial Review Conference
ranged from disbelief to accepting (see paper pgr185 of NCI Monograph 26, 1967 for
verbatim discussion).

The issue was sharply focused and brought to adbanidience by Walter Nelson-Rees
and his associates who showed in a series of pdpatsextensive cross-contamination and
misidentification characterized the cultures senhim for inclusion in the repository he was
maintaining under contract for the NCI. In his gge®n the occasion of receiving a Lifetime
Achievement Award from the Society for in Vitro Bigy in 2004, Nelson-Rees recalled that
from 1970 through 1974 he authored twenty-five aese accounts “of greater or lesser
importance, none of which caused a stir.” The JuUnk974 issue obciencehowever, published
a paper based on observations of twenty separliteutteires, nine of which had HelLa banded
markers as well as Type A G6PD. Two of these awdlsl were purported to be breast carcinoma
cells (HBT-3, HBT39B)A third, HEK (presumably derived from human embrgdkidney), was
identical to HBT-3 and HBT39B, which were HelLa selUnfortunately, these cells were widely
used for breast cancer research. Nelson-Reese@thlit this first major listing, particularly the
wholesale use of the wrong cells in extensive @owgr of breast cancer research “caused quite a
tremor.” Barbara Culliton, a columnist f@ciencewrote in the same issue, “If Nelson-Rees is
right, a lot of people may have been spending afliimne and money on misguided research.”

Nelson-Rees, in a review irBcience Year,admonished that while HelLa -cell
contamination is widespread, other human and anicef are contaminating one another
“...techniques for maintaining cell purity must bephed to reduce it and the problems it
presents to biologists through out the world.”

The litany continued throughout the seventies witlditional revelations of inter-and
intraspecies cross-contamination and more veheraeotisations being exchanged including
concealment of knowledge and manipulation throutjtirgy. This is well illustrated in response
to a paper published iNaturein 1981 (vol. 289: 211-212). A team of seven awthaorcluding
Nelson-Rees, analyzed four “unknown” cultures prigabto be of Hodgkin's disease origin. All
four, including three identical cultures, were hudgkin's nor were they HelLa. Three were of
unidentified human origin and the fourth was nomhn, with a karyotype identical to that of the
Northern Colombian brown foot owl monkey (a celidicarried by the contributor of the four cell
cultures). Such a large-scale mix-up invoked thebalewrath of Washington reporter David



Dickson, whose diatribe included, “corruption ofestific literature...misleading colleagues...
forgery...falsifying data...lying...false claims...fraudagst the federal government...a criminal
offense.”

A more quantitative and broader picture followsel$dn-Rees encountered 279
contaminated cell cultures submitted from 45 déferlaboratories. Recent submissions to the
German DSMZ cell bank include cohorts of human Hepwetic cell lines, 14% of which are
cross-contaminated. In another survey, they fourad #5 of 326 submissions (17.9%) were
contaminated. Forty-two were intraspecific contaamiis. These were submitted by 27 of 93
scientists (29%) who made submissions. Van Held888) reported that the human esophageal
squamous carcinoma cell lines HCu 10, 18, 22, 2I73%nhare genetically identical, while Ogura
et al (1997) reported that lines JTC-3, OF and Safiated in 1959, 1969, and 1971, respectively,
were Hela cells. More recently Melcher (2005) répadithe putative normal colon epithelial cell
line NCOL-1 probably was derived from the colon aiaoma LoVo. Furthermore, spectral
karyotyping and DNA fingerprinting revealed thaswibline of NCOL 1 and LoVo are identical
while another putative subline of NCOL 1 had addisl markers. See Kniss, et al (2002) and
Drexler et al (2001) for other examples.

It is hard to estimate how much misguided resesreliributable to cross-contamination.
But, again, we do have data that provide a consieevhut shocking estimate. Masters reported
of a Medline search for the years 2000-2004 reggrtlie continued use of contaminated cell
lines known to be HelLa. The outcome was as follolvere were 19 citations for the putative
intestinal cell, Int 407, 45 citations for the pisa amnion cell, WISH, 59 citations for Chang
liver, 470 citations for the putative human nasaicmoma cell, Hep-2, and 556 citations for the
putative oral carcinoma, KB. A PubMed search by By et al (2004) uncovered 220
publications which involved cross-contaminated un@s. A survey distributed and analyzed by
Buehring et al (2004) in order to obtain a profifeactive cell culture workers revealed that of the
483 respondents 32% use Hela cells, 9% unwittinglge using HeLa contaminants, 33% of the
investigators tested for authenticity, 35% obtaitieir cell lines from other labs rather than from
a major repository. Their paper also includes thie@ame of a PubMed database analysis which
uncovered 220 research papers based on the usessfapntaminated cell lines. Buehring et al
(2004) also revealed a disturbing trend. Whilerttmber of publications in the PubMed database
increased steadily from 1969 through 2004, the raralb papers involving HeLa contaminants
increased far more rapidly. An analysis of onehefrtfigures shows use of contaminated cultures
increasing about 10-fold and the number of celiural papers in the database increasing slightly
more than 2-2.5-fold during the same time period.

The major repositories, because of their diligeinceonitoring cross-contamination are
now able to fulfill their mission of storing andstlibuting authenticated cell lines. However, this
does not diminish the need for periodic autheritoabf cultures received directly from other
investigators, from commercial sources, and fronfomapositories.

A Call for Remedial Action

The cross-contamination and misidentification ldisares of the last four decades tainted
the reputations of many respected laboratoriess Téd to denial, paranoia, and mockery. The
climate so engendered was not conducive to thergtoe of policies and practices that would be
embraced profession-wide. Contributing to the latlaction was the mistaken belief by some
that disclosure would automatically be followedibgividual heightened awareness and remedial
action. Periodic reports, conferences, and sympemiae and went and had insufficient impact
(as is evidenced by the high frequency of misidieation). No encompassing, remedial plan




with reasonable expectations and with measuredcerent was developed to challenge the
profession. The compelling need for changed prastias not matched by compelling solutions.

Clearly, the current situation is intolerable amjuires a broad, coordinated effort
involving those who do research, fund research,ligulfindings of research and educate
researchers. The strategy described below detiseserit from the compelling need, its reliance
on compliance methods used in selected situatigngdyernment agencies and scientific
journals, and the role of professional societieguerdians in advancing the search for truth and
maintenance of high standards.

Generation of a plan and its implementation shdwdde as its hallmark the spirit of
collegiality and mutual concern. However, it mutoabe unyielding regarding the need for
decisive action that leads to the elimination df #tandalous situation.

A conference, organized by relevant professiooalesies and funded by an NIH R13
Conference Grant, should be convened to analyzen#tjer features of the proposed strategy, as
well as alternative ones. (The document, NIH SupfosrConferences and Scientific Meetings
specifies that support is highly contingent on #wentific interests and priorities of the
individual Institutes and Centers. The problentmfss-contamination of cell lines should be of
great interest to several Institutes. Hence, jgiiport by several Institutes is recommended).

1. It is proposed that government and private ifumagencies be prevailed upon to
require cell line authentication as a conditiontfar award of grant and contract funds.

2. It is also proposed that key scientific jousnbe prevailed upon to require cell
line authentication as a condition for publication.

3. Furthermore, it is proposed that relevant pmsiftnal societies a) endorse the

policies pertaining to grants and publications dmdsponsor conferences, workshops and/or
training activities to facilitate the adoption @lidine authentication standards.

4, It is further recommended that laboratory divex and chiefs as well as
academic department heads be encouraged to emmsurstaff members are cognizant of the
problem of cross-contamination and the quality mmnineasures that should become standard
operating procedure.

By focusing on these select groups we would bdirdeavith entities that have a large
constituency and a clear, related mission. Gramdspaiblications are at the heart of the scientific
enterprise. As precedence, it should be noted ttietFDA has a requirement for cell line
authentication as a condition for approval. The ldonGenome Office requires grantees to put
the sequences of DNA fragments on the internetoas as they are deciphered. Also, several
journals require the author to specify the two radthused for mycoplasma detection. Requiring
cell line authentication as a condition for graatsl publication would not be unreasonable.

The Methods for Authentication

Good, reproducible methods for interspecies anlaspecies cross-contamination
detection exist. Most frequently, karyotyping amtzyme profiling are used for interspecies
cross-contamination detection while DNA analyses wsed for intraspecies investigations. The
latter applications have evolved over time as nesthads for DNA analysis became available.
DNA/RNA hybridization gave way to RFLP analysis winihas been supplanted by short tandem
repeats (STR) analysis.

STR analysis has been adopted for forensic wort By major repositories for
intraspecies authentication. Its attributes aret thfier PCR multiplex amplification of
polymorphic loci and separation on a gel, a profildique for that DNA sample source is
obtained. It can be distinguished from the DNA oy ather source. Furthermore, when the sizes




of the products (accurate to one base pair) arermdeted, a series of numbers are generated
which can be used as a bar code for that DNA soiéreegistry of bar codes would make it easy
to compare DNA samples. The STR method is easigbte] and can be done “in house” or
analyzed by a commercial laboratory for a few haddiollars per sample (Masters, et al 2001).

Karyotyping of G-banded chromosomes can be usemeabr to complement isozyme
analysis in order to distinguish among cell lineshwcharacteristic karyotypes, such as man,
mouse, rat, and hamster. More specialized karyotgpalysis is required to distinguish among
cells from closely related organisms such as diffegenera of the Order Primates. Fluorescent
in situ by hybridization (FISH) with species-spéciprobes, can resolve the differences. The
methods are relatively simple but do require sorpegences for reliable interpretation. Hence,
using the services of a commercial cytogeneticgdala skilled colleague) may be required.

Other methods such as HLA typing and spectral kgpyng may be used for further
resolution.

Change the Status Quo

This problem of cross-contamination and misidétifon of cell lines continues to cast
a shadow over published research with cell cultufd®e problem is not disappearing; it is
growing. It can be eradicated by bold yet reasanapproaches.

One can think of many excuses and/or reasons Wwhyptoblem was not suitably
addressed in the past. These excuses no longey. a@pfr psychic, social and monetary
investment in research demands that this deplositbiation be changed.

What is needed is firm resolution to end the tsawehrough the implementation of the
strategic approaches, such as those described aoethers. A conference would facilitate
democratization of the decision-making, ensure fahrscientific evaluation, and encourage
acceptance of standards appropriate for the buwrfignst bestowed on us.

1. Roland M. Nardone is Professor Emeritus at @eholic University of America
(Nardone@cua.eduHe has used cell cultures as a research toohéoe than forty years. He has
served as Chairman of the Third Decennial Revie@elf, Tissue, and Organ Culture and as an
officer of the Tissue Culture Association. Eachryba teaches a cell culture course for the
Foundation for Advanced Education in the Sciendeth@ NIH (vww.biotrac.con). February
2006.
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