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Frequent detection of infectious xenotropic
murine leukemia virus (XMLV) in human cultures
established from mouse xenografts
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Purpose: To investigate the frequency of xenotropic murine leukemia virus (MLV) presence in human cell lines established
from mouse xenografts and to search for the evidence of horizontal viral spread to other cell lines.

Results: Six of 23 (26%) mouse DNA free xenograft cultures were strongly positive for MLV and their sequences had
greater than 99% homology to known MLV strains. Four of five available supernatant fluids from these viral positive cul-
tures were strongly positive for RT activity. Three of these supernatant fluids were studied to confirm the infectivity of
the released virions for other human culture cells. Of the 78 non-xenograft derived cell lines maintained in the xenograft
culture-containing facilities, 13 (17%) were positive for MLV, including XMRYV, a virus strain first identified in human tissues.
By contrast, all 50 cultures maintained in a xenograft culture-free facility were negative for viral sequences.

Methodology: We examined xenograft tumor cell lines from seven independent laboratories and 128 non-xenograft-
ed tumor cell lines. Cell line DNA was examined for mouse DNA contamination, and by 3 Tagman gPCR assays targeting
the gag, env or pol regions of MLV. Sequencing was used for viral strain identification. Supernatant fluids were tested for

reverse transcriptase (RT) activity.

Conclusions: Human cultures derived after mouse xenografting frequently contain and release highly infectious xe-
notropic MLV viruses. Laboratories working with xenograft-derived human cultures should be aware of the risk of con-
tamination with potentially biohazardous human-tropic mouse viruses and their horizontal spread to other cultures.

Introduction

Retroviruses are enveloped viruses possessing an RNA genome
and replicate via a DNA intermediate. Retroviruses rely on the
enzyme reverse transcriptase to perform reverse transcription of
its genome from RNA into DNA, which can then be integrated
into the host cell’s genome with an integrase enzyme. Retroviral
DNA can remain in a latent form in the genome (provirus) or
its RNA can be expressed intermittently as infectious virions."?
Examination of the mouse genome provides evidence that a sub-
stantial proportion of the genome is comprised of transposable
elements (37.5%).> Most (> 90%) of these transposable elements
are retroelements that require reverse transcriptase to reverse
transcribe RNA into DNA prior to integration into the genome.
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Endogenous retroviral sequences (ERV) belong to long-terminal
repeats (LTRs) containing retroelements which comprise about
10% of the mouse genome.> ERVs represent remnants of ances-
tral germline infection by exogenous retrovirues and after inte-
gration into the genome are transmitted vertically as proviruses.
Murine leukemia viruses (MLV) as ERV provirus forms are
present at about 60 copies per mouse genome® from which up
to 15 copies are related to infectious xenotropic murine leuke-
mia viruses (XMLV).* The XMLV are type C retroviruses from
mouse which can infect human or other foreign species.>” The
XMLV virus related to mouse endogenous provirus in mice can
be readily isolated or induced after chemical or immunological
stimulation. For example, Bxvl (also termed Xmv43) provirus
is found in several common inbred mice can be reliably induced
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to produce virus and was found to contribute to production of
pathogenic recombinant leukemogenic polytropic MLVs.*5?
Thus, active mouse ERV provirus present in common inbred
mouse tissues can be the origin of XMLV or recombinant poly-
tropic MLVs which are infectious to human tissues implanted in
laboratory mice.

Earlier studies have documented that XMLV type-C retro-
virus particles were indentified in human xenograft cultures
derived after xenografting in immune-compromised mice.'*"
3 For example, XMLV was found in a small cell lung cancer
(SCLQ) line out of 14 xenograft derived cell lines from varied
tumor types.”? NCI-N417 SCLC cell line was established from
a mouse xenograft by the Gazdar lab at the National Cancer
Institute (NCI) in the early 1980s and this cell line was subse-
quently found to contain XMLV a few years later."*"> Accordingly
further distribution of NCI-N417 was stopped and it was no
longer maintained in the lab. In the early 1990s, several human
hematologic tumor cell lines were found to acquire XMLV after

passage through nude mice.'s

Recently, human prostate cancer
xenograft cell line 22Rvl which was established after xenograft-
ing in athymic nude mice, was found to contain the XMLV-
related (XMRV) virus.””!® XMRYV, originally identified in human
tissues, is a retrovirus closely related or derived from XMLV" and
believed to derive from the recombination of PreXMRV-1 and
PreXMRV-2 proviruses present in mice.?’ These findings clearly
demonstrated that xenograft cell lines, currently widely used as
experimental models, can potentially acquire XMLV including
XMRYV after mouse xenografting. However, the majority of these
studies studied a limited number of samples and were conducted
with relatively crude detection methods and mouse cell contami-
nation of the human cultures was not tested. Thus it is difficult
to determine the frequency of XMLV infection in xenograft cul-
tures. Further concerns are that the infected-xenograft cell lines
may be capable of producing high titers of XMLV which may
potentially spread horizontally to other non-xenograft cultures.?
The spread of XMLV from NCI-N417 to other non-xenograft
cultures was reported at least in one laboratory.? Recently con-
tamination of MLV gammaretroviruses was found in the cell
lines used for human immunodeficiency virus research?* and the
MLV sequence was found in 2.2% of 411 human cell line DNA
screened.” However, there is a lack of studies to address how fre-
quent the potential contamination of XMLV is in the laborato-
ries involved in the establishment and/or handling of xenograft
cultures.

Our study primarily addresses the following questions: (1)
How frequently are xenograft cancer cell lines infected with
XMLV? and (2) How frequently does XMLV virus spread hori-
zontally to non-xenograft derived cell lines? The questions we
asked are important not only to scientific community establish-
ing or involving in xenograft cultures but also to document the
frequency of contamination of XMLV and XMLV-related ret-
roviruses that have a potential biohazard to infect human cells
and may transmit to humans.? In this report, we use the term of
“xenograft cultures (or cell line)” to refer to human cultures or
cell lines which are derived after mouse xenografting, and “non-
xenograft cultures” to refer to human cultures or cell lines which
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were established without mouse xenografting. In order to achieve
our aims we used primers that detect most MLV strains includ-
ing all known mouse xenotropic strains and we tested for the
presence of residual mouse cell DNA which may give spurious
positive data.

Results

Design and validation of Tagman qPCR assays for detection
MLV sequences. To detect MLV provirus in the human DNA
samples, we validated and/or designed novel multiple Tagman
qPCR assays specific to MLV sequence. At the start of this study,
we adopted two sets of primers/probe Tagman qPCR sequences
specific to XMRV strain or most XMLV strains targeting MLV
gag or env gene regions respectively as described previously
(Fig. S1 and Table S§3).2% The assays were designated as MLV
qGag and MLV gEnv. We also designed a third novel MLV
qPCR, namely qGPP, targeting gap-pro-pol region of MLV which
has broader specificity to most known MLV viruses as suggested
previously in reference 27 (Fig. S1). A non-specific amplification
PCR product in qGPP was observed but we validated that it did
not appear to affect the sensitivity and specificity of Tagman
qGPP probe detection. Under our defined MLV qPCR condi-
tions using XMRV sequence-containing VP62 plasmids, the
MLV sequences were quantitatively detected at a dynamic range
of 1 to 1 x 107 copies and the sensitivity was 1-5 copies of MLV
sequences per 100 ng DNA (Fig. 1A and B). The MLV N417
provirus was detected by both qEnv and qGPP probe at equal
sensitivity and not detected by qGag, confirming that qGag is
specific to XMRV sequences detection (Figs. 1C and S1 and
Table S1). In all three MLV qPCR assays, MLV detection was
not present in negative controls including pooled human leuko-
cyte DNA, early passage of NCI-H60 culture or in water (Fig.
1C). The MLV DG-75 provirus in CAK1 pancreatic carcinoma
xenograft line (see below) was strongly positive by all three viral
probes, which agreed with the specificity of their viral sequences
(Figs. 1D, S1 and S5).

We applied multiple MLV specific gPCR (Fig. S1) in order to
increase the sensitivity and specificity as MLV sequences include
a wide spectrum of viral strains. In principle, we expect most or
all XMLV viruses to be positive with gEnv and qGPP probes, and
XMRY related viruses to be positive with all three strains.

Presence of mouse DNA in xenograft cell lines. Because the
xenograft tumors consist of human cells supported by stromal,
vascular and inflammatory cells of mouse origin, initial cultures
consist of cells derived from both species. The persistence of
mouse cells, which contain multiple copies of MLV-related pro-
viruses, may result in false-positive results. Thus we tested all
xenograft derived cultures for the presence of human and mouse
DNA.

To detect mouse DNA in human cultures, we applied a highly
sensitive PCR assay using primers specific to mouse GAPDH
gene and GAPDH pseudogenes (over 250 copies/genome?®),
and the primer sequences were described previously in reference
29 (Table S3). Under our PCR conditions, the mouse GAPDH
PCR is highly sensitive and able to detect 0.1-0.01 pg of mouse
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DNA (Fig. S2), which is comparable to the
sensitivity level of mouse DNA detection
by the highly sensitive IAP (intracisternal
A particle) assay recently described.’® The
mouse GAPDH PCR is also highly specific
for mouse DNA detection, based on the
finding that human control DNA, salmon
sperm carrier control DNA and water con-
trols were all negative (Figs. 2 and S2).

All 26 of the xenograft derived human
cell cultures were positive for the human
GAPDH probe (Tables 1 and S1) with
comparable amount of DNA tested to make
sure that any negative detection of MLV
sequences are not due to inadequate DNA
or presence of DNA polymerase inhibitors
in the samples tested. However three of the
lines, LX44, XCLI and XCL3, were found
to contain residual mouse DNA (Fig. 2).
Sequencing demonstrated evidence of mul-
tiple MILV-related sequences, consistent
with mouse DNA which contains multiple
endogenous MLV proviral sequences. Thus
these three cell lines were excluded from
further analysis.

Detection of MLV sequences in xeno-
graft cell lines. Six of 23 (26%) of the
remaining xenograft cell lines free of mouse
DNA contamination were strongly posi-
tive when tested with two or all three MLV
probes. Their qPCR Ct values mostly fell
in the range of 24-30, which correspond to
about 1.4 x 10* to 1 x 10° MLV copies in
the input DNA (50 or 100 ng), as estimated
by the MLV qGPP standard curve (Table 1
and Fig. 1). Using an estimate of 6 pg as the
average DNA content of a human genome,
the overall positive cultures were estimated
to contain from 0.1-96 viral copies/cell
(Fig. 1 and Table 1). The six positive cell
lines (Table 1) originated from six of the
seven independent labs. The positive tumor
types included non-small cell lung cancer
(NSCLC), SCLC, pancreas and prostate.
Mouse spleen DNA and neural stem cell
culture (positive controls) contained esti-
mated 130-132 copies/cell, which include
the provirus sequences for both ecotropic
and xenotropic MLV.

The MLV sequences in the viral probe
positive cultures were further confirmed by
DNA sequencing of partial MLV gag and/
or env genes or full viral genome (NCI-
N417 line). These sequencing data and
analyses are provided in Figures S3-7. The
viral sequences contained in each infected
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Figure 1. Detection of MLV-related sequences by multiple MLV specific Tagman gPCR assays.

(A and B) Validation of MLV qGag and qGPP assays. XMRV VP62 containing plasmids as standard
references were serially diluted in an range of 1 x 10’ copies to one copy/reaction (copies/rxn)
with salmon sperm carrier genomic DNA (100 ng/rxn) and detected in a quantitative range of
over 6 logs by MLV qGag or qGPP PCR. The lowest detection limit is one to five copies of MLV
100 ng DNA. The validation of MLV gEnv for xenotropic MLV detection was described previously
(see Materials and Methods). Note: validation of the third MLV assay, MLV gEnv, has already been
published. (C) Detection of MLV N417 provirus by two viral probes in the DNA of late passage of
MLV N417 virus-containing NCI-H60 culture. The DNA of late passage of NCI-H60 (50 ng) culture
was strongly positive by qGPP (green) and gEnv (red) probes but not qGag (blue). These find-
ings are consistent with the specificity of MLV N417 viral sequence present in the reference NCI-
N417 cell line (Fig. S1 and Table 1). By contrast, the viral free early passage of NCI-H60 culture,
pooled human WBC DNA and water controls were all negative by all three MLV qPCR assays.

(D) Detection of MLV DG-75 provirus by all three viral probes in CAK1 pancreatic carcinoma xe-
nograft line. The DNA of CAKT1 cells (100 ng) was strongly positive by all three MLV qPCR assays
as indicated as qGag (blue), qGPP (green) and gEnv (red) (Table 1). These findings are consistent
with the specificity of the sequences which were identified in CAK1 and homologous (> 99.0%)
with MLV DG-75 virus (Fig. S1 and 5). Water controls in triplets were negative in each assay.

Rxn = reaction.
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Figure 2. Identification of mouse DNA in human pancreatic carcinoma
cultures established from mouse xenografts by PCR. A sensitive PCR
assay specific for mouse GAPDH and its pseudogenes was used (Fig. S2
and Materials and Methods). The genomic DNA of human pancreatic
carcinoma XCL1 and XCL3 xenograft cultures were found positive for
mouse DNA. By contrast, the DNA of human pancreatic carcinoma CAK1
and human colorectal carcinoma RKO culture as well as the control
pooled human WBC DNA were free mouse DNA (see Materials/Methods
and Table S1-3).

culture had greater than 99% of homology to one or two MLV
strains (Table 1).

To further determine whether these MLV sequence-positive
cultures released virus particles, we examined the level of reverse
transcriptase activity of culture supernatant fluids with a highly
sensitive and specific qRT-PCR assay (Fig. S8 and Table 1). Of
six available supernatant fluids from viral positive cultures, five
were strongly positive for reverse transcriptase activity, indicat-
ing release of potentially infectious viral particles (vp) (estimated
range of 2.9 x 107 to0 8.2 x 10° vp/pl).

In summary, of 23 xenograft culture free of mouse DNA, we
identified six xenograft cell cultures containing five distinct viral
strains. Two of the positive cell lines and their viral genomes are
discussed in greater detail in the next section.

Characterization of viral genomes in xenograft NCI-N417
and LAPC-4 cell lines. The NCI-N417 cell line was one of the
first xenograft derived cell lines found to be shedding MLV par-
ticles (Gazdar AF, unpublished data).""™ After this discovery in
the Gazdar lab (then located at the NCI, Bethesda, MD), existing
stocks were destroyed. However, previously the cell line had been
distributed to several investigators. We obtained a frozen vial
from Dr. Gerold Bepler, Tampa, FL and completely sequenced
the contained virus. We confirmed that the virus MLV strain
N417 (GeneBank Accession number HQ246218) was consistent
with the partial sequence of an isolate from the same cell lines
as performed in another laboratory (MLV env gene: GeneBank
Accession number AF064089). Full viral genome sequencing
indicated the presence of the full length viral genome (8,189
bp) as well as an apparently defective form of the same strain
containing a frame shift deletion of 55 nt in the gag region (nt

964-1,018, Fig. S7A).
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The LAPC-4 cell line was established from human prostate
tumor explants after serially passing through SCID mice® in
Dr. Charles Sawyers’ lab around 1997 and has been widely used
in prostate cancer research as a model of androgen independent
growth.”> MLV sequences were found in DNA of early passage
of LAPC-4 cells obtained from Dr. Sawyers and confirmed in
late passage of LAPC-4 cells from both Dr. Sawyers’ lab and Dr.
Hsieh’s lab (Table 2) and all three subcultures of LAPC-4 were
free of mouse DNA. All three cultures of LAPC-4 were strongly
positive by all three MLV probes (gag, pol and env) (Table 2).

The PCR products using XS3/XS4 primers (Table S3) which
cover qGag probe gag region were detected in both eatly and late
passage of LAPC-4 cell lines. The PCR products using XS14/
XS15 primers cover env gene region (Table S3). The sequences
of both XS3/XS4 and XS14/XS15 PCR products demonstrated
that the sequences were identical to MLV N417 virus (Figs. S7A
and B). Since our early data demonstrated that MLV N417 pro-
virus is negative by our qGag probe due to nucleotide mismatches
(Figs. 1C and S1), we suspected that an additional MLV strain
sequence may be present in LAPC-4 cells besides harboring
MLV N417 provirus or -like provirus. To explore this possibil-
ity, we performed three overlapping PCR reactions around qGag
probe region of gag gene (Fig. S1) using primers including qGag
PCR primers (XS3/XS4, XS3/GagQ2R2 and GagQ2F2/XS4
in Table S3) followed by sequencing (Fig. S7C). All three over-
lapping MLV PCR products were detected in LAPC-4 genomic
DNA (Fig. S7C). However, the sequences of GagQ2F2/XS4
PCR products had 100% homology to MLV SP(B) 1-2 isolate
(GeneBank. Accession number AY349140) which is distinctly
different from MLV N417 sequences identified in XS$3/XS4 PCR
products and specific to MLV qGag detection (Figs. S1, 7E and
7D). Therefore, qGag positivity in LAPC-4 cultures was likely
due to the additional presence of MLV SP(B) 1-2 viral sequences
(Fig. S1). Although XMRYV strain has been associated with pros-
tate cancers, the viral genomes in LAPC-4 cell lines lacked the
XMRV-characteristic 24-nt deletion sequence in the gag leader
region (data not shown). The MLV sequences detected in all
three subcultures of LAPC-4 were near identical. High reverse
transcriptase activities were detected in culture supernatant fluids
of LAPC-4 (Tables 1 and 2), implying LAPC-4 cultures actively
release MLV retroviruses. Taken together, our findings are con-
sistent with LAPC-4 cultures acquiring XMLV virus infection
during mouse passage and containing at least two XMLV virus
strains related to MLV N417 and MLV SP(B) 1-2.

Detection of MLV sequences in non-xenograft cell lines.
In order to detect horizontal spread of XMLV, we tested non-
xenograft cultures (n = 78) maintained in xenegraft culture
containing facilities (from five labs) as well as those (n = 50)
established and maintained in a xenografte culture free lab
(A. Gazdar lab at UTSW) (Tables 3, 4 and S2). The Gazdar/
Minna labs established cell lines both during their tenure at
the NCI, Bethesda MD (NCI series) and after their move to
UT Southwestern Medical Center, Dallas, TX, in 1991 (HCC
series). While at the NCI 53 non-xenograft lung cancer lines
(37 SCLC and 16 NSCLC) (Table S2) were, until 1985, cul-
tured prior to the identification of the N417 strain of XMLV."
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Table 1. Identification of xenotropic murine leukemia viruses (XMLV) and MLV-related viruses in xenograft cell lines

Cancer type

Lung NSCLC

Lung SCLC

Lung SCLC
Lung SCLC

Pancreas

Prostate

Lung SCLC

Pancreas

Pancreas

Control tissues
Mouse spleen

XMRV VP62
Plasmids

Mouse neural
stem cells

Pooled human
WBC

Negative c
ontrol (water)

Cell line

1065met

NCI-N417

LX47
LX48
CAK1

LAPC-4

LX44

XCL1

XCL3

DHHC5(wt)
mNSC

Input
DNA
(ng)

50
50

100
100
100

100

100

100

100

10

1x10°
copies

100

100

Ct of
human

29.2

289

29.6
31.9
30.5

29.7

359

29.1

29.7

neg.

neg.

neg.

27.1

neg.

Ct of
MLV
qGAPDH (qGag'

34.0

neg.

30.3

neg.

279

28.2

24.1

244

31.2

28.5

28.6

235

neg.

neg.

Ct of
MLV
qEnv’

29.8

24.0

28.6
30.8
30

28.6

26.9

26.4

323

29.6

39.4

ND

neg.

neg.

Ct of RT
MLV Sequence enzyme Mouse Comments Source:
2 5
qGPP' homology (nU/pl)® DNA lab PI
34.2 XMLV NZB 2.8x10° - J. Minna
G. Bepler
24.3 MLV N417 8.2x10° - and A.
Gazdar
36.2 XMLV NZB 29x10? - C. Rudin
31.3 MLV MCF1233  Negative - C. Rudin
31.8 XMLV DG-75 ND - A. Maitra
81 MLV N417, up to ) C'aia(ﬁyfrs
’ MLV SP(B)1-2 4.1x10° L
Hsieh
g VHRENRT g ae g g R e
strains* mouse cells
244  MutileMLY ND +- Residual ) Maitra
strains* mouse cells
29.7 mutlplhe MLV ND - Residual A. Maitra
strains* mouse cells
26.2 ND ND ++++ A. Gazdar
30.3 N/A N/A N/A A. Gazdar
229 N/A Negative  ++++ A. Gazdar
neg. N/A N/A neg. A. Gazdar
neg. N/A N/A neg. A. Gazdar

'The genomic DNA of xenograft cultures were examined by the 3 qPCR assays, namely gGag, gEnv and qGPP, targeting the three major regions of MLV
viral genome (gag, env and gag-pro-pol), respectively (see Materials and Methods). 2The MLV strain(s) confirmation was based on sequence homol-
ogy analysis of the partial sequences of gag and env regions or full viral genome sequences (NCI-N417) to known XMLV or MLV-related virus strains
(see Table S3 and Figs. S3-7 for the details). *The reverse transcriptase (RT) activity in culture supernatant fluids was measured by TM-PERT assay (see
Materials and Methods). One nU of reverse transcriptase activity was estimated to correspond to one MLV viral particle. “Multiple MLV sequences due
to mouse DNA contamination. >-, no mouse DNA detected by PCR using the mouse specific primers; +/- to +++, mouse DNA detected from minor to
strong positivity. ND, not done; N/A, not applied.

Table 2. Detection of mouse leukemia virus (MLV) in both early and later passage of prostate LAPC-4 cell line

Cell lines

LAPC-4
LAPC-4
LAPC-4

Passage

Early passage

Late passage

Late passage

MLV sequence

homology’
N417, SP(B)1-2
N417, SP(B)1-2
N417, SP(B)1-2

RT enzyme

Copies/genome? (nU/pl)® Mouse DNA Source: lab Pl
1.1 (0.25 to 1.98) 1.4 x 10* Negative C. Sawyers
0.5 (0.07 to 1.0) 5.4 x 10* Negative C. Sawyers

9.4 (5.61 to 13.17) 41 x10° Negative J.T. Hsieh

'The MLV strain(s) confirmation was based on sequence homology analysis of the partial sequences of gag and env regions to known XMLV or MLV-
related virus strains (Figs. S7A-E). 2The copies of MLV were estimated based on MLV qGag and MLV qGPP standard curves (Fig. S1) and amount of in-
put DNA tested and estimate of 6 pg per human genome. 3One nU of reverse transcriptase activity was estimated to correspond to 1 MLV viral particle

(vp) (see Materials and Methods).

These cell lines had serial numbers lower than NCI-H1515. After
the discovery that xenotropic strains could infect human cul-
tures, all stocks of known contaminant cell lines were destroyed.
The other 25 non-xenograft cancer lines tested were from four

other labs.
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Of 78 non-xenograft cultures maintained in the same facility
as xenograft cultures, 13 (17%) were positive for MLV provirus
sequences (Table 3). Three of these 13 cultures contained both

human and mouse DNA while the other ten cultures that con-
tained only human DNA, based on human GAPDH qPCR and
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Table 3. Frequent detection of murine leukemia virus (MLV)
contamination of non-xenograft human cultures

No. of MLV postive cell
lines'/No. of total cell
lines tested (%)

Non-xenograft

Lab PI cell line type

Xenograft culture lab

A. Gazdar (NCI)? NSCLC 1/16 (5%)*
A. Gazdar (NCIy? SCLC 5/37 (13%)*

C. Rudin NSCLC 1/4 (25%)
C.Rudin SCLC 2/4 (50%)

A. Maitra? Pancreas 0/9 (0%)

A. Maitra Colon 1/1 (100%)

R. Brekken? Pancreas 0/2 (0%)

J.T. Hsieh Prostate 3/7 (43%)

Total: 13/78 (17%)
Xenograft culture free lab

A. Gazdar (UTSW)* NSCLC 0/33 (0%)*
A. Gazdar (UTSW)* SCLC 0/17 (0%)*

Total: 0/50 (0%)

'The cell lines were strongly positive by two or three viral probes by
MLV gPCR and confirmed by the partial sequences of gag and env
regions or full genome sequence (see Materials/Methods for the details
and Table 4). See Table S2 for the list of cell lines tested. 2A. Gazdar’s
former lab at NCI. *The DNA of two cell lines (MIAPaCa-2 and PANC-1)
from both labs was tested. “A. Gazdar’s current lab at UTSW. *p = 0.01,
Fisher exact, 2-tailed test.

the PCR with the mouse specific primers (Table 4). Thus 10 out
of 75 (13%) non-xenograft human cultures free of mouse DNA
were found to contain MLV sequences. Four out of five MLV
provirus positive human cultures tested had high levels of reverse
transcriptase activity in the corresponding supernatant fluids. The
provirus positive cultures included those of prostate (n = 3), SCLC
(n =7), NSCLC (n = 2) and colon (n = 1) cell line types. The
provirus sequences in eight provirus positive cultures were identi-
fied by sequencing. All six lung positive cultures from the former
Gazdar NClI-lab were negative in their early passages of cultures
and contained an identical N417 strain viral sequences found in
NIH-N417 xenograft culture (Table 4). Similarly, NCI-H82 and
NCI-146 non-xenograft cultures were free of viral detection in their
early passage and contained the same viral sequences identified in
the LX47 xenograft culture which was maintained in the same lab
(Tables 1 and 4 and Fig. S4). Of interest, the same strains had been
identified in the xenograft-derived cultures maintained in the same
culture facilities, indicating probable horizontal spread. Another
50 non-xenograft lung cancer cell lines (33 NSCLC, 17 SCLC)
cultured in a xenograft culture free lab (A. Gazdar’s current lab at
UT Southwestern) were negative for XMLV (Table 3). The differ-
ences in virus positivity for non-xenograft cultures maintained in
xenograft culture free and xenograft culture containing labs were
significant (Fisher exact 2-tailed test p = 0.01).

Among 13 XMLV DNA positive lines, human colorectal carci-
noma cell line RKO from the Maitra Lab (John Hopkins Medical
Center), was identified as containing XMRV virus (Table 4).
However other cultures of the same line obtained by the Gazdar
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lab from the American Type Culture Collection, Manassas, VA,
were negative by all three MLV viral probes in agreement of the
previous report in reference 23. The viral genome sequence of
the first 550 bp had >99.6% homology to all known XMRYV iso-
lates (Fig. S6) and is different from 129x 1Svj isolate (GeneBank
Accession number AAHY01591888.1) which shares a 24-nt dele-
tion feature. The full viral genome sequence of XMRV RKO
(GeneBank Accession number JF274252) had >99.9% homology
to all known XMRYV isolates (Table S4). Of interest, the sequence
of XMRYV in the RKO cell line had a higher homology to XMRV
22Rv1 than other isolates (Table S4), suggesting the viral con-
tamination possible resulting from XMRV virus from xenograft
prostate cancer 22Rvl cell line.”? The RKO cell line was negative
for mouse DNA and contained high RT activity in culture super-
natants (Table 4). Retrospective analysis indicated that there
was a short period of time (a few days) during which the 22Rv1
and RKO cell lines were maintained in the same culture facility.
Fingerprint genotyping confirmed that the XMRV-positive RKO
matches the reference RKO fingerprint and not that of the 22Rvl
cell line. In conclusion, RKO cultures from other sources were
negative for XMLV, confirming that the XMRV virus present in
the RKO culture from the Maitra lab was not a novel XMRV
strain originally residing in RKO, but represented horizontal
spread from the XMRV containing 22Rvl prostate carcinoma cell
line maintained in the same culture facility.

Infectivity of XMLV viruses from supernatant fluids of
XMLV-positive xenograft cultures. We performed studies to
determine whether XMILV-positive supernatant fluids are readily
transmissible to other, non-infected human cultures. Supernant
fluids from three XMLV-positive xenograft cultures (LAPC-4,
NCI-N417 and 1065met) (Table S1) were used to infect virus
free early passages of five cell lines (Fig. 3 and Table S5). At
days 5 and 14, supernatant fluids were collected and tested for
reverse transcriptase activity. On day 14, DNA was extracted
from the infected cell lines and tested for the presence of viral
DNA sequences using three probes (Table S5). For three cell
lines (SCLC lines NCI-H69 and NCI-H1092, and NSCLC
line NCI-H1299) were strongly positive for reverse transcriptase
activity and genomic DNA was positive for at least two of three
viral probes. NSCLC cell line NCI-H460 demonstrated mini-
mal or no reverse transcriptase activity but was positive for viral
sequences after infection with virus-positive supernatant fluids
from cell lines 1065met and NCI-N417 except LAPC-4, indi-
cating latent infection. Bronchial epithelia cell line HBEC3 was
positive for reverse transcriptase activity and viral sequences after
infection with 1065met fluid, but not after infection with the
other two supernatant fluids. The uninfected controls were nega-
tive for presence of XMLV. DNA fingerprinting confirmed the
correct provenance of the infected cell lines, and all cultures were
free of mouse DNA contamination.

Discussion
Reports of XMLV strains being present in human xenograft

cultures appeared in the 1970s.%'2% While several reports
have documented this phenomenon, most reports are sporadic
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Table 4. Characterization of murine leukemia viruses (MLV) detected in human non-xenograft cultures in xenograft culture laboratories'

Cell line type MLV plf::s':’ gieell M;X:;T:;;f € R.I;:S/z:;;‘ € Mouse DNA?* Oth:;:s:l;r:;s or Source: lab PI
NSCLC NCI-H460 ND Negative = Negative C. Rudin
NSCLC NCI-H1155 MLV N417 ND - ND A. Gazdar (NCI)®

SCLC NCI-H60 MLV N417 3.6 x10° - Negative A. Gazdar (NCI)®
SCLC NCI-H82 MLV NZB 1.3x10° - Negative C.Rudin
SCLC NCI-H1092 MLV N417 8.0x 10° - Negative A. Gazdar (NCI)®
SCLC NCI-H182 MLV N417 ND - ND A. Gazdar (NCI)®
SCLC NCI-H289 MLV N417 ND - Negative A. Gazdar (NCI)®
SCLC NCI-H1514 MLV N417 ND - ND A. Gazdar (NCI)®
Colon RKO XMRV 29x10° - Negative A. Maitra
Prostate PreC2 ND ND = ND JT. Hsieh
Prostate LNCaP Multiple MLV strains® ND ++++ Negative JT. Hsieh
Prostate PC3 ND ND Sl Negative JT. Hsieh
SCLC NCI-H146 MLV NZB likely 7.2x10° -/+ Negative C. Rudin

'These cell lines were detected positive for at least two viral probes by 3 Tagman gPCR assays targeting the gag, env or pol regions of MLV, respectively
(see Materials and Methods for the details). See Table S2 for the list of cell lines tested. 2The MLV strain(s) confirmation was based on the sequencing
homology analysis of the partial sequences of gag and env regions or full viral genome sequences for MLV-positive NCI-H60 and NCI-H1092 cultures.
3-,no mouse DNA detected by PCR using the mouse specific primers; +/- to +++, mouse DNA detected from minor to strong positivity. “The MLV
sequences in the early passage of cultures or the cultures from other sources were tested by the Tagman qPCR assays targeting the gag, env or pol
regions of MLV, respectively and confirmed negative (see Materials and Methods). *Not fully identified due to mouse DNA contamination. °A. Gazdar’s
former lab at NCI. RT, reverse transcriptase; ND, not done due to unavailability of samples or weak MLV positive.

case reports without systematic analysis of true frequency. Two
reports examined multiple xenograft cultures'>* and found fre-
quencies of 7 and 67% respectively. However, because of the
relatively crude detection methods available at that time and fail-
ure to check for mouse cell contamination, the true frequencies
cannot be determined from these reports. Because of our initial
failure to culture SCLC tumors directly from tumor samples, we
developed long-term cultures from xenografted tumors.>* In the
mid 1980s we detected (by electron microscopy) large numbers
of retroviral particles released by SCLC cell line NCI-N417. We
destroyed stocks of this cell line and persuaded the American
Type Culture Collection to stop distribution. However, prior
to this finding, the cell line had been distributed extensively
to the scientific community and we obtained a culture from
Gerold Bepler, Moffitt Cancer Center, Tampa, FL. While we
did not report on the viral findings, others have done so'*" and
we refer to this XMLV strain as N417 although it has also been
referred to as VB3.2.2' Recent reports of squirrel monkey retro-
viruses (SMRV) infecting human cultures (by unknown routes
or sources) and their possible large scale horizontal spread have
also been published,*>*¢ and several human cell lines for human
immunodeficiency virus research were found to release infec-
tious XMLV.?#% However, there are virtually no reports of con-
tamination of xenograft cultures published during the past 15 y
and most scientists appear unaware of the contamination prob-
lem (authors’ observations). The purpose of our study was to
determine the frequency of xenograft culture contamination by
xenotropic viruses and their horizontal spread in multiple labora-
tories. By sequencing the viruses so isolated we could determine
whether a single or multiple strains of XMLV were responsible
for contamination and horizontal spread.
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For our initial study we obtained 26 xenograft cultures from
seven independent laboratories. Only two of the laboratory chiefs
that participated in this study were previously aware of the XMLV
contamination issue. We utilized three primer sets that detected
virtually all XMLV stains as well as most MLV strains, covering
the three major structural and functional regions of the mouse
retroviral genome. Our multiple QPCR approaches had advantage
to detect all possible MLV sequences (increased sensitivity) with
one or two additional probe confirmation (increased specificity)
as compared with a single qPCR assay. Nine of the samples were
positive by either two or all three of the probes used. However,
three of the nine positive samples contained varying amounts of
mouse DNA, presumably as a result of survival of mouse stromal
cells from the mouse xenograft. Apparently the mouse stromal
cells may persist for lengthy periods in culture, occasionally in
excess of one year. These three cultures were removed from fur-
ther study as the mouse genome contains multiple endogenous
MLYV provirus sequences which make interpretation difficult. Six
of the remaining 23 xenograft cultures (26%) were positive for
one (or in one case, two) strains of XMLV or related viruses.
These six cultures came from six independent labs indicating the
widespread nature of the contamination. Of interest, our viral
sequencing homology analysis indicated that multiple strains of
XMLV were present in the six positive lines, demonstrating that
there are multiple strains of XMLV or MLV-related viruses capa-
ble of infecting human cells individually or simultaneously after
xenografting. The LAPC-4 cell line, widely used as a model for
androgen independent prostate cancer, with over 120 citations in
PubMed, contained two strains. Early and late passage cultures
from the originator (Dr. Charles Sawyers) as well as a culture
distributed to the Hsieh lab contained the same strain mixture.
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Figure 3. Infectivity of supernatant fluids of MLV positive xenograft
derived cell lines. Five previously XMLV virus-free cultures (2 NSCLC
lines: NCI-H1299 and NCI-H460; two SCLC lines: NCI-H69 and NCI-H1092,
and an immortalized human bronchial epithelial cell culture HBEC3K-
TR53 [HBEC3]), were infected with the supernatant fluids (250 pl) from
3 XMLV-positive xenograft derived cell lines (LAPC-4, NCI-N417 and
1065met) (Table 1), which had the reverse transcriptase (RT) activities
of 5.7 x 10* nU/pl, 3.1 x 10° nU/pl and 1.8 x 10° nU/pl, respectively. The
supernatants collected at days 5 and 14 post-infection were examined
for the RT activity (see Materials/Methods). The supernatants from the
infected NSCLC cell line NCI-H460 showed minimal or no RT activities
for all three viruses on day 5, 14 and 18 post-infection (data not shown).

Supernatant fluids were available from five of the six viral posi-
tive xenograft cell lines. Four of these released large numbers of
potentially infectious viral particles, indicating possibilities of
horizontal spread to other human cultures as well as posing a bio-
hazard of unknown potential to laboratory personnel. We pre-
sume that in one of these five cell lines the XMLV virus existed
in a latent form. Because of the possibility of spread to non-xeno-
grafted human cultures, we examined cultures maintained in the
same culture facilities. A total of 78 cultures were obtained from
five of the laboratories. Thirteen of these cultures (17%) from four
of the laboratories were positive for XMLV. The viruses identified
as being responsible for horizontal spread were identical to those
identified in the positive xenograft cultures in the respective labo-
ratories. By contrast, 50 cell lines from the Gazdar lab maintained
in a facility free of xenograft cultures tested negative for virus.
These differences were significant, indicating the potential for
horizontal viral spread to other cultures maintained in the same
laboratory facility as xenograft cultures. In one case XMRV virus
infection to a non-xenograft colorectal carcinoma cell line RKO?*
was demonstrated from an XMRV containing prostate xenograft
derived cell line 22Rvl even though the two cell lines had been
maintained in the same culture facility for only a few days.

Our results indicated the frequent presence of XMLV viruses
in cultures initiated from human xenografted tumors, with

624

Cancer Biology & Therapy

integration of the viral genomes and production of abundant
virions. We also found evidence of widespread contamination of
non-xenografted cultures maintained in the same tissue culture
facilities with xenografted cultures. However, to rigorously prove
that the virions released by the xenografted cultures were infec-
tious for human cells, we collected supernatant fluids from three
XMLV-positive xenografted cultures including LAPC-4 and
used them to infect five other human cell lines. All three viruses
readily infected two SCLC lines, one NSCLC line and one virus
infected a non-tumorigenic immortalized bronchial epithelial cell
culture. The fifth cell line, NSCLC line NCI-H460, appeared
to undergo an abortive infection, as monitored by reverse tran-
scriptase activity. However genomic analyses demonstrated the
presence of relatively low amounts of integrated forms of two of
three infected viruses, indicating latent infection. Thus human
cells demonstrate heterogeneity for XMLV viral sensitivity and
the XMLV viruses demonstrate variable infective potential.

Several reports, have described the finding, usually of partial
XMRYV or XMLYV related sequences at low abundance, in human
tumors and tissues.'”**%° These methods often utilize nested PCR
techniques for detection, and multiple other labs have failed to
confirm the findings. Considerable recent evidence indicates con-
tamination as the probable cause of these sequences in human
cells.?4> Because of sequence similarities, the presence of XMRV
virus in human tumors and cells has been attributed to contami-
nation, especially from the frequently used 22Rv1 prostate can-
cer cell line® but it has not been confirmed in any cell lines, to
our knowledge.?? Hue et al. screened human tumor 411 cell lines
from the COSMIC collection and found XMLV sequences posi-
tive in nine cell lines (2.2%), in which five are closely related to
DG-75 strains but none of these cell lines are confirmed to be
infected with XMRYV and the verification of mouse DNA con-
tamination was not addressed.” Our findings demonstrated that
the XMLV virus in colorectal cell line RKO from the Maitra
Lab is an XMRYV isolate contaminated from the virus contain-
ing xenograft derived 22Rvl prostate cancer culture. The win-
dow during which both cell lines were maintained together in
the same culture facility was only a few days, indicating that
horizontal spread may occur rapidly. This XMRV-positive RKO
culture probably represents the first report of horizontal spread of
the XMRYV virus.

Our results indicate that human tumor cells frequently
become infected with MLV virus after xenografting and subse-
quent culture. We have observed that mouse stromal cells may
persist in culture for lengthy periods. Mouse stromal cells, while
they contain abundant provirus forms of MLV, including eco-
tropic, polytropic and xenotropic strains, seldom spontaneously
release large amounts of infectious virus (authors” unpublished
findings). Virus infection of xenografted cells may require acti-
vation of XMLV virus by chemical or immunological induc-
tion in mouse and by prolonged mouse and human cell contact.
Viral transfer may occur in the mouse host or during subsequent
xenograft culture. Our findings of infectivity of XMLV-positive
supernatant fluids demonstrated that XMLV can readily infect
other human cultures without presence of mouse cells or other
aiding factors, indicating that these viruses are highly infectious.
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In conclusion, our studies demonstrated that several MLV
strains were present in over one fourth of xenograft cell lines.
Infected cell lines were identified in most laboratories working
with or establishing xenograft cultures, indicating that such
contamination was widespread. Infected cultures usually release
large numbers of infectious virions, and intra-laboratory spread
of MLV virus to other cell lines maintained in the same facili-
ties may occur, confirming the highly infectious nature of MLV
virus. Retroviruses have been associated with multiple diseases
including solid and hematologic malignancies, AIDS as well as
with non-malignant diseases. The high susceptibility of human
cells to infection with XMLV, the high levels of reverse tran-
scriptase activity present in culture supernatant fluids and the
demonstrated infectivity of the shed virions suggest that such
viruses may present potential biohazards to laboratory person-
nel involved in cell culture facilities or to those handling human
xenografts. In addition, the effects of the integrated provirus or
the released virions on the biology of infected tumor cells are
unknown. Provirus integration into the genome is not random,
and occurs preferentially at transcription start sites, CpG islands,
DNase-hypersensitive sites and gene-dense regions, suggesting
that provirus integration may influence transcription in the host
cell.®® Thus laboratories handling or culturing human xenografts
should monitor for the presence of MLV, and should consider
monitoring personnel for viral antigens or antibodies to them.
Laboratories working with xenograft cultures should have full
knowledge and understanding of the potential biological and
biohazardous risks and should not distribute or publish their
findings without full disclosure of the virus status of their xeno-
graft-derived materials.

Materials and Methods

Cell lines. The 154 cell lines tested were provided from the
following seven independent laboratories: Drs. Adi F. Gazdar,
John D. Minna/Boning Gao, Jer-Tsong Hsich and Rolf Brekken
at the Univ. of Texas Southwestern Medical Center at Dallas;
Drs. Anirban Maitra and Charles M. Rudin at Johns Hopkins
University School of Medicine, and Dr. Charles Sawyers at
Memorial Sloan-Kettering Cancer Center. The lists of 26 xeno-
graft cell lines and 128 non-xenograft cell lines are provided in
Tables S1 and S2, respectively. Genomic DNA or living cells
were provided from the labs. The NCI-N417 cell line was origi-
nally established from a small cell lung cancer tumor xenografted
into an athymic nude mouse in A. Gazdar’s former Laboratory
at NCI, Bethesda, MD.?* As it was found to contain a retrovirus
in the 1980s, it was no longer maintained in the laboratory."*"
For this study, a vial of the NCI-N417 cell line was obtained in
January of 2010 from Dr. Gerold Bepler (who originally obtained
it from Dr. Gazdar), the Moffitt Cancer Center, Tampa, FL.
Non-xenograft cell lines maintained in the same culture facility
as the xenograft cell lines were obtained from five labs. These
included cell lines from Dr. Gazdar’s lab while he was at the NCI.
In addition, Dr. Gazdar provided non-xenograft lines maintained
in a facility at UT Southwestern Medical Center that was free
of xenograft cultures (Table S2). DHHC5(wt) mNSC mouse
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neural stem cell line was kindly provided form Dr. Yi Li (Dr.
Sandra L. Hoffmann Lab., UT Southwestern Medical Center).
Authenticity of MLV positive lung cancer cultures from Gazdar’s
lab and the RKO from Maitra’s lab was confirmed by DNA
fingerprint genotyping tests.** All specimens were obtained fol-
lowing approval from the Johns Hopkins Medicine Institutional
Review Boards (protocol 05-04-14-02) or the University of Texas
Southwestern Institutional Review Board (protocol 1191-36400).

DNA isolation. All DNA isolations were performed in a room
designated to be free of high-copy of amplicons of MLV DNA.
Standard practices for molecular biology were taken during
DNA isolation to avoid DNA cross-contaminations. Genomic
DNA from cultures was isolated using QIAamp Blood Mini kit
(Qiagen) or equivalent DNA isolation kit. To eliminate RNA
contamination, genomic DNA was isolated after adding RNase
A (Invitrogen) according the procedures described in QIAamp
Blood Mini kit (Qiagen). Genomic DNA was obtained from
mouse spleen (Black Swiss mice). DNA concentrations were
measured using Nanodrop2000 (Thermo Scientific).

PCR. Pre-PCR preparation was conducted in a designated
PCR workstation (AirClean600 PCR Station, Raleigh, NC) with
use of UV radiation 15 min before and after each PCR setting.
Pre-PCR and Post-PCR samples were handled in separate labora-
tory rooms. qQPCR and standard PCR were performed using the
Chromo4 M] Research Real time PCR system and 9600 thermal
cycler (Applied Biosystem Inc.), respectively.

Three sets of Tagman qPCR assays were used as screening
tests for XMLV sequences in order to reduce false negativity and
increase sensitivity and specificity of XMLV detection. The three
qPCR assays, namely qGag, qEnv and qGPP, targeted the three
major regions of MLV viral genome (gag, env and gag-pro-pol)
and are specific to XMRV strains, most XMLV strains and most
known MLV strains, respectively (Table S3). The primer and
probe sequences for qGag PCR and qEnv PCR were described
previously in reference 25 and 26. The qGPP PCR assay was
developed by us for the detection of most known MLV strains
including ecotropic and xenotropic MLV strains. qGPP prim-
ers and probes are described in Table S3. Since a non-specific
PCR amplification product from qGPP PCR was observed, we
validated that it did not affect the sensitivity and specificity of
qGPP assay for detecting MLV sequences. The MLV qGag and
qGPP assays were validated using XMRV sequencing-contain-
ing VP62/pcDNA3.1 plasmids as standard references (Fig. 1)
(VP62/pcDNA3.1 plasmid, obtained from the AIDS Research
and Reference Reagent Program, Division of AIDS, NIAID,
NIH: contributor of Dr. Robert Silverman). The viral copy
number in a given DNA sample was estimated based on its MLV
qPCR Ct value and the validated MLV qPCR standard curves
(Fig. 1). Human GAPDH real-time PCR was run as an internal
control for DNA input and qualities, and its primers and probes
were described previously in reference 45 (Table S3). Either 50
or 100 ng DNA of each sample was examined initially by human
qGAPDH and three MLV qPCR assays.

The PCR controls included multiple negative controls (three
to six) with water only, human DNA controls with pooled
human blood cell DNA from eight individuals, positive controls
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with mouse spleen DNA (1-10 ng/reaction) or diluted XMRV
VP62/pcDNA3.1 plasmids (1 x 10° copies/reaction). The gPCR
reaction was performed in 25 pl reaction mixture containing 1x
TagMan PCR buffer, 3.5 mM MgCl,, 0.2 mM dNTP, 0.6 pM
of each forward and reverse primers, 0.2 WM of probe, 1.25 U
of HotStar Tag DNA polymerase (Qiagen) and 50-200 ng of
DNA sample. PCR was performed under the following condi-
tions: 95°C for 15 min, followed by 50 cycles at 95°C for 15 sec
and 60°C for 1 min, unless specifics indicated.

To rule out mouse DNA contamination, DNA samples were
analyzed by PCR using primers specific to mouse GAPDH
gene and GAPDH pseudogenes (over 250 copies/genome?®)
as described previously in reference 29 (Table S3). The mouse
spleen genomic DNA were 1:10 serially diluted in salmon sperm
DNA (20 ng/pl) (Invitrogen) and examined by mouse GAPDH
PCR at a input DNA range of 10 ng to 0.1 fg of mouse DNA
per reaction (Fig. S2). The mouse GAPDH PCR reaction mix-
ture (50 wl) contains 1x TagMan PCR buffer, 3.5 mM MgCI,
0.2 mM dNTP, 0.4 uM of each forward and reverse GAPDH
primers, 1.65 U of Hot Star Taq DNA polymerase (Qiagen). The
PCR was run as 95°C for 12 min, followed by 40 cycles at 94°C
for 30 sec and 60°C for 30 sec and 72°C for 30 sec and 72°C for
7 min. These primers do not amplify human DNA (Fig. 2).

DNA sequencing. To further confirm viral strain sequences,
the qPCR MLV positive DNA samples were further amplified
by PCR and sequenced for MLV strain verification by using the
sequencing primers (Table S3) covering 5' leader region of gag
gene (GagF1/GagR2 primer set), early gag gene (XS3/XS4 primer
set) and/or env gene region (XS14/XS15 primer set). The whole
MLV genome sequencing was performed on the PCR products
overlapping cross the viral genome which were amplified from
cDNA of NCI-N417 cell line or genomic DNA of the identi-
fied viral positive cell line RKO (Table S2 and S4) using the
sequencing primers described previously” and additional primers
described in Table S3. The sequencing reactions were performed
as follows: 50 or 100 ng of cDNA or genomic DNA, 25 pL of
HotStart-IT FideliTaq Master Mix (USB Corporation), 1.0 pL
of each of 10 wM forward and reverse oligonucleotide primers in
reaction volumes of 50 wL. PCR were performed as 95°C 2 min,
94°C 30 sec, 58°C 30 sec, 72°C 60 sec, 35 cycles, 68°C 7 min.
Total RNA from cell lines were isolated using RNeasy Mini Kit
and purified with DNase digestion and RNA Clean-up following
the kit instructions (Qiagen). The cDNA were prepared using
High Capacity cDNA Reverse Transcription kit and random
primers (Applied Biosystems Inc.). The PCR products were puri-
fied with Exol/SAP (USB), gel-purified (Qiagen) or sub-cloned
into pCR 2.1-TOPO vector (Invitrogen), prior to sequencing
by an ABI 3100 DNA sequencing system (Applied Biosystems
Inc.). The alignments of DNA sequencing data were performed
using Clustalw software (http://npsa-pbil.ibcp.fr/cgi-bin/npsa_
automat.pl?page=/NPSA/npsa_clustalwan.html).*

TM-PERT assay for reverse transcriptase activity. For reverse
transcriptase (RT) activity assays, cell culture supernatant fluids
were collected from exponentially growing cultures 2-3 d after a
medium change. The cells were removed by centrifuging cell sus-
pension fluids at 300x g for 10 min, and the resultant supernatant
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fluids were further centrifuged at 2,000x g for 20 min at 10°C
to remove any cell debris. The supernatant fluids were stored at
-80°C prior to testing. Reverse transcriptase activities were mea-
sured using Taqman fluorogenic 5'-nulcease product-enhanced
reverse transcriptase assay (TM-PERT) as described previously
in reference 47 and 48 with some modifications (Table S3).
Briefly, M-MLYV reverse transcriptase (Promega, 200 u/pl) was
1:10 serially diluted with RT enzyme dilution buffer (50% glyc-
erol, 2% BSA [Sigma, V fractioned] in 1x RT buffer [Promegal)
and used as references to establish quantitative standard curve
(Fig. $8). The RT reactions contained 5 pl of sample (1:10 and
1:40 diluted with RT enzyme dilution buffer) or controls, 8 u
RNase inhibitor (Promega), 0.32 mM dNTP (Sigma), 360 nM
MS?2 reverse primer and 8 ng MS2 RNA (Roche) in 25 pl of 1x
RT buffer (Promega: 50 mM TRIS-HCI pH 8.3, 5 mM MgCl2
(modified from 3 mM), 75 mM KCl, 10 mM DTT). Following
the RT reactions (25°C 10 min, 37°C 120 min and 85°C 5 sec),
5 out of 25 wl RT reactions were transferred to optical 96 well
plates containing final volume of 25 pl of PCR mix (RNase 2 U
[Progema], 1x TagMan PCR buffer, 1.5 mM MgCl,, 0.2 mM
dNTP, 0.6 pM of each MS2 forward and MS2 reverse prim-
ers, 0.2 pM of MS2 probe, 1.25 U of HotStar Taq DNA poly-
merase [Qiagen]). gPCR reactions were performed at 37°C 30
min, 95°C 15 min, then 95°C 15 sec 60°C 60 sec for 50 cycles
using the Chromo4 M]J Research Real time PCR system. Under
our defined conditions (Fig. S8), the positive threshold value was
set as > 94.6 nU/pL, which was determined as a sum of mean
background value (29.9 nU/pL) of culture supernatant fluids
from nine different MLV negative cell lines plus three times of
Standard Deviation (21.6 nU/pL) as described previously in ref-
erence 47 and 48. To correlate functions and viral copy number,
1 nU of reverse transcriptase activity was estimated to correspond
to 1 MLV viral particle as described previously in reference 47
and 48.

Infectivity of xenograft derived MLV strains. To examine
whether the supernatants from the XMLV-positive cell lines are
infectious for virus free cultures, we collected and tested the
supernatants from three cell lines selected simply upon their avail-
ability (LAPC-4, p142; NCI-N417 and 1065met) (Table S1).
Supernatant fluids were collected as previously described and fil-
tered through with 0.22 pm sterile culture filter units (Millipore)
and used to infect four XMLV free lung cancer cultures (NSCLC
lines NCI-H1299 and NCI-H460; SCLC lines NCI-H69 and
NCI-H1092) and an immortalized human bronchial epithelial
cell culture HBEC3KTR53 (HBEC3). All cell lines tested were
grown in humidified atmosphere with 5% CO, at 37°C. NCI-
H1299, NCI-H460 and NCI-HG69 were grown in RPMI 1640
media (Cellgro) supplemented with 10% fetal bovine serum
(FBS) (Hyclone), NCI-H1092 in HITES media supplemented
with 10% FBS,* and HBEC3 in KSFM media supplemented
with bovine pituitary extract and recombinant human epidermal
growth factor (Invitrogen).” For infection, 250 nL of superna-
tant fluid was added to the cultures in growth phase and the
medium replaced after 48 h. Supernatant fluids were collected on
days 5 and 14, and cell pellets on day 14. Supernatant fluids were
tested for reverse transcriptase activity and cell pellets for DNA
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fingerprinting, presence of mouse DNA and presence of XMLV
DNA (three probes as described above previously).
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