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Abstract

Background: XMRV, a xenotropic murine leukemia virus (MulV)-related virus, was recently identified by PCR testing in
67% of persons with chronic fatigue syndrome (CFS)and in 3.7% of healthy persons from the United States. To :
investigate the association of XMRV with CFS we tested blood specimens from 51 persons with CFS and 56 healthy
persons from the US for evidence of XMRV infection by using serologic and molecular assays. Blinded PCR and
serologic testing were performed at the US Centers for Dwsease Control and Preventlon (COC) and at two addmonal

laboratories.

‘Results: Archived blood specimens were tested from persons with CFS defined by the 1994 international research case
definition and matched healthy controls from Wichita, Kansas and metropolitan, urban, and rural Géorgia populations.
Serologic testing at CDC utilized a Western blot (WB) assay that showed excellent sensitivity to MuLV and XMRV

" polyclonal or monoclonal antibodies, and no reactivity on sera from 121 US blood donors or 26 HTLV-and HIV-infected
sera. Plasma from 51 CFS cases and plasma from 53 controls were all WB negative. Additional blinded screening of the |
51 cases and 53 controls at the Robert Koch Institute using an.ELISA employing recombinant Gag and Env XMRV"
proteins identified weak seroreactivity in one CFS case and a healthy controi, which was not confirmed by.
immunofluorescence, PCR testing at CDC employed a gag and a pol nested PCR assay with a detection threshold of 10
copies in 1 ug of human DNA. DNA specimens from 50 CFS patients and 56 controls and 41 US blood donors wete all

PCR-negative; Blinded testing by a second nested gag PCR assay at the Blood Systems Research Institute was also
negative for DNA specimens from the 50 CFS cases and 56 contrals.

"} Conclusions: We did not find any evidence of infection with XMRV in our U5, study population of CFS patients or
healthy controls by using muttlple molecular and serolog\c assays. These data do not support an-association of XMRY

_ L with CFS,

Background

Chronic fatigue syndrome (CFS) is a complex illness that
affects between 0.5 and 2 percent of adults in the U.S.
[1,2]. CFS is characterized by a severe debilitating fatigue
lasting at least six consecutive months that is not allevi-
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AIDS, Viral Hepatitis, STD, 2nd TB Prevention, Centers for Disease Cantrol and
Prevention, Atlanta, GA 30333, USA

- Fuillist of author information is available at the end of the article

© 2010 Switzer et al; licensee BioMed Central Ltd: This is an Open Access article distributed under the terms of the Creative Commons.

ated with rest. Individuals with CFS also report various
cognitive, sleep and musculoskeletal pain disturbances,
and symptoms similar to_those.of infectious diseases [3].
At least a quarter of those suffering from CFS are unem-
ployed or receiving disability because of the illness; the
average affected family forgoes $20,000 annually in lost
earnings.and wages; and, the annual value of lost produc-
tivity in the United States is at least $9 billion {2.4-6].
Diagnostic, treatment, and prevention strategies have

( ,BioMed Central ibution License (httpi/

/by/2.0), which permits unrestricted use, distribution, and reproduction in -
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proven difficult to - devise because the etiology,
pathophysiology and risk factors for CFS remain unclear
[3,7).

Because the symptoms characterizing CFS resemble
those of infectious diseases, many studies have investi-
gated a viral eticlogy in CFS. However, involvement of
several viruses including human herpes virus-6. (HHV-6),

Epstein-Barr virus (EBV), various enteroviruses, and the
“human T-lymphotropic virus type 2 (HTLV-2) has not

been conclusively proven-{3,7-10]. In October 2009;
Lombardi ‘et al. reported finding a gammaretrovirus

called xenotropic murine leukemia virus-related virus

(XMRV} in peripheral blood mononuclear cell (PBMC)
DNA from about 67% (68/101) of CFS patients compared
to only 3.6% (5/218) of healthy persons using PCR testing
{11}, Virus isolation and antibody detection were also
reported in some CFS patients [11].

XMRYV is phylogeneticilly related to the xenotropic
murine leukemia. viruses (MuLV) sharing about %4%
nuclectide identity across the viral genome [12]. XMRV
was initially identified in prostate tissues from about 10%
of prostate cancer patients using microarray and PCR
analysis [12]. XMRYV prevalénce in this study was higher

in patients with an inherited mutation in the RNase L -

gene [12]. More recent studies examining XMRYV preva-
lence in prostate tissues of patients with prostate cancer
from the US and Europe have reported both negative and
positive findings [13-15], highlighting the need for.more
studies to assess the role of XMRV in prostate cancer.
. Confirmation. of an association and etiologic role of
XMRYV in CFS$ is.important.because it could provide a

‘useful diagnostic test and might lead to new treatment
" interventions. However, two recent studies of CFS

patients from the United Kingdom -using PCR testing
alone or together with serologic testing reported negative.

- XMRY results in 186 and 170 CFS patients, respectively

[16,17]). XMRYV was also not found by PCR testing of 32

- CFS patients and 43 matched controls from the Nether-

lands 18], Additional studies of different patient cohorts,
including those from the US, are critical to better evaly-
ate both a possible association of XMRV with.CFS anda
potential geographic link.

We describe here results from the first US study follow-
ing the initial report by Lombardi et al [11]. Testing of 51
specimens from "CFS patients’ and 56 matched and
healthy controls from the US was performed indepen-
dently in three laboratories for XMRV DNA by using sev-
eral PCR tests and for anti-XMRV antibodies using
different serological assays.

Results

Absence of XMRV anﬂbodles in persons with CFS and
healthy controls ]

Serologic testing at' CDC was performed with a newly

developed WB assay using a strategy employed success-

Page 20f13

fully for assessing human infection with other 200n0tic
retroviruses [19,20]. The WB test used lysate from poly-

_tropic: MuLV (PMLV)-infected HeLa cells as antigen.

PMLYV and XMRYV are highly related. They share between
87 and 93% nucleotide identity across the genome with

- XMRYV and also have 88 - 97% and 88 - 91% amino acid

ideéntity t6. XMRV Gag and Env proteins, respectively.
Partial Gag (123 aa) and Env (55 aa) sequences from our

polytropic HeLa isolate share 96% and 90% identity to-

XMRY, respectively. Thus, excellent antigenic cross-reac-
tivity between XMRYV and our polytropic HeLa isolate is
expected. Specimens were tested for reactivity in parallel

against control antigens from uninfected 'Hela cell

lysates. Positive seroreactivity was defined as detection of
bands in the infected lysates corresponding to known
viral antigens and a lack of similar reactivity in uninfected
lysates to exclude nonspecific reactivity, Four available
antisera demonstrated good antigenic reactivity to Gag
and/or Env proteins (Figures 1 and 2): Goat anti-MuLV
polyclonal antisera to whole virus and to p69/71 Env pro-
teins, rabbit anti-XMRV polyclonal antiserum to whole
virus, and rat monaclonal antibody to the Env of spleen
focus forming virus (SFFV); a polytropic MuLV, that

reacts with- gp69/71 Env of polytropic and- xenotropic.

MuLV [21]. The anti-XMRV antiserum was used previ-

ously to detect XMRV in prostate. cancer tissues by ©
immunohistochemistry {13]. The anti-SFFV antibody (=)}

was used by Lombardi et al. in a flow-based antibody
competition assay to detect antibodies to XMRV Env in

. CFS patients [11]. All positive control antisera were reac-

tive at high titers to various.Gag and/or Env proteins (Fig-
ures 1 and 2), The anti-MuLV whole virus antiserum and
the anti-XMRV polyclonal antiserum both reacted to the
p68/p80 Gag precursor and p30 Gag proteins at titers of
1:32,000 and 1:64,000 respectively (Figures 1 and 2). The
polyclonal anti-gp69/71 Env antiserum and the anti-

SFFV monoclonal antibody reacted with the Env gp69/71

doublet proteins (Figures. 1 and 2} at a titer of 1:8,000 and
1:32,000; respectively (Figures. 'l and 2). The same pat-
tern of reactivity was seen using both the anti-MaLV
whole virus and anti-XMRV antisera though a higher
level of nonspecific reactivity was observed to the Hela
lysates with the XMRYV antisera(Figures 1 and 2). No spe-
cific reactivity was observed for the pre-immune godt
sera and to uninfected HeLa lysates (Figures 1 and 2).
1:500 dilutions of the whole virus and gp69/71 antisera
and a 1:50 dilution of pre-immune goat sera were then

used as positive and negative controls for testing patient,

samples in the WB assay, respectively.

Plasma samples from 51 CFS cases and 53 healthy con-

trols were diluted 1:50 and examined for seroreactivity to

bands corresponding to Gag (p30 or p68/80) and/or Env -

(gp69/71 or pl5E} proteins present in only the infected

lysate and not the uninfected lysate. We also tested sera ,

from 26 retrovirus-positive specimens (13 HTLV-1/2,
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Figure 1 Titration of polyclonal MuLV goat antisera in Western biot (WB) assay. Antibody titets of positive control anti-sera and reactivity of pre-
immune sera to polytropic MuLV-infected (upper panel) and uninfected (lower panef) Hela cell crude cell lysates in WB testing. Specific antisera tested
are focated at the bottom of each WB. Arrows indicate observed titers for each antiserum, Fr. Friend; Ra, Rauscher. Locations of reactivity to specific

viral proteins are indicated, Env (9p69/71), envelope; TM {p1SE), transmembrane; MA (p15), matrix; Gag (pr68/80); CA (p30), cap:
markers (kD) are provided on the left of the WBs in the upper panels, Sizes of expected viral proteins are provided in each W8 in the upper panels;
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seven IH<L~ and six dual HIV-1/HIV-2 seropositive

patients) and observed no reactivity to XMRV proteins
(data not shown) confirming a lack of cross-seroreactiv-
ity. In addition, we tested archived sera from 121 anony-
mous US blood donors; all were negative (data not
shown). Plasma samples from the 51 CFS patients and 53
healthy controls all tested negative for XMRYV antibodies
in this assay. Plasma samples were not available from

"'three healthy controls. Typical WB results of CES persons

are shown in Figure 3. Every plasma specimen demon-
strated some level of background reactivity, but without
evidence of specific reactivity to Gag and/or Env proteins
(Figure 3). For example, plasma from a CFS person

showed reactivity to two proteins about 65 and 69 kD'in
size in the infected cell lysate but reacted non-specifically

to proteins of the same size in the uninfected antigen and
was thus considered seronegative (lane 2 of Figure 3).
There were no clear differences in nonspecific WB sero-
reactivity observed in healthy persons compared to per-
sons with CFS (data not shown),

Blinded serologic testing of these same CFS and control
specimens was also performed at the Robert Koch Insti-
tute (RKI) in Germany using ELISAs containing recombi-
nant XMRV Gag and Env proteins [14]. Plasma from 51
CFS cases and 53 healthy controls were not reactive in
the recombinant XMRV Gag ELISA using either the N-
or the C-terminus of the protein [14]. Two specimens,
one each from a CFS patient (G9) and healthy ¢ontrol
(G6), were weakly reactive in the recombinant XMRV
Env ELISA with optical densities (OD) slightly above the
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Figure 2 Titration of polyclonal XMRV rabbit and monoclonat spleen focus forming virus (SFFV) envelope rat antisera in Western blot (WB)
assay. »ggwo%.zﬁa omuom_%m control anti-sera and reactivity of pre-immune sera to palytropic MulV-infected {upper panel} and uninfected {lower
Panel) Hela cell crude cell lysates in W8 testing. Specific antisera tested are located at the bettomn of each WB. Arrows indicate cbserved titers for each
antiserum. Fr, Friend; Ra, Rauscher, Locations of reactivity to specific viral proteins are indicated, Ehv (9p69/71),envelope; TM (p15E). transmembrane;
MA (p15), matrix; Gag (pré8/80); CA (p30), capsid. Malecular weight markers.(kD) are provided on the left of the WBs in the cqu panels. Sizes of ex-

assay cutoff of 0.2 OD units (Figure 4) [14]. However,
both specimens were negative by IFA testing using 293T
cells expressing either XMRV Gag or Env proteins and
were thus considered negative. Two blinded positive con-
trol specimens each consisting of goat polyclonal MuLV
whole virus antisera diluted 1:100 in pre-immune goat
sera both tested positive in the recombinant Gag ELISAs
but were' negative in the Env ELISA. These results are
consistent with the seroreactivity of these polyclonal anti-
sera to only Gag proteins in the WB assay. Five undiluted
pre-immune goat sera all tested negative in both the Gag
and Env ELISAs. These "external” positive and negative
controls were included as a separate set of specimens and
were all no.:mnm%mm_ﬁnnmu in a-blinded fashion. Testing of
the blinded humanand goat control specimens was per-
formed separately since different secondary antibody
conjugates are used for these different specimens. Inter-
nal positive and negative controls were also included in

each run and performed as expected. Like the WB test-

ing, the goat anti-MuLV whole virus and anti-MuLV p70

the Gag and Env ELISAS, respectively.

polyclonal antisera gave titers of 1:64,000 and 1:6,400 in"

Absence of XMRV sequences in PBMC DNA from persons

- with CF$ ‘and healthy controls

We used two PCR assays at CDC to detect XMRV DNA.
The first assay was a nested gag PCR test used previously
to identify XMRV sequences in prostate cancer patients

and CFS patients (11,12]. The second nested PCR assay .

was designed on highly. conserved polymerase (pol)
sequences within xenotropic and other MulV strains.
Serial, ten-fold dilutions of .full-length XMRV(VP62)
plasmid (kindly provided by Robert Silverman) in a back-
ground of human DNA (PBMC or whole blood) showed
that the nested gag and pol PCR tests each detected 10

XMRV copies in different experiments on subsequent

91



. Swizer et al. Retrovirology 2010, 7:57 L | . Page 50f13
http#/www.ret'rovlrotogqundcqment/?ﬁ /57 :

Sz

28

Tr oo

33 5

23§

S @ : '
soal2345%6 7 89101112

-4

200
100/120
80

60
50

40
30 =
20 @

69/71(Env
g?ﬁB(Ga(g) )

- p30(CA)

Infected

200 -
100/120
80

60
50

40 =

5witzér et al, Retrovirology 2010, 7:57

httpy/www.retrovlrology‘com/content/7/l/s7

Page 60f 13

92

30 -

Uninfected

20 w»

2

Figure 3 Absence of XMRV bodles in CFS pati by W blot (WB) analysis. Representative WB results for CFS cases from Wichita and
Georgia identified after unblinding. Determination of MulV specific reactivity is determined by comparison of observed seroreactivity to polytropic

MulV-infected Hela antigens and uninfected Hela antigens in upper and lower panels, respectively. Lanes 1 -4 and 5 - 8 are plasma from CFS cases
from the population based-studles in Georgia and Wichita, respectively; lanés 9 - 12 are physician-referred CFS cases from the Georgia Registry study.

MuLV positive and negative goat serum controls are labelled, -

days (34/34 (100%) and 32/34 (94.1%), respectively). US bleod denors whase plasmas were tested in the WB -

These results show that both PCR assays have an excel- test. .

 lent sensitivity for detecting XMRYV in one ug of DNA PCR testing of B-actin sequences was positive for all
specimen. PBMC DNA from 41 ‘anonymous US blood clinical speciméns confirming the integrity of the DNA
donors was also tested and found to be negative in both  and an absence of PCR inhibitors. Representative f-actin
PCR assays. These 41 blood donors are distinct from the . PCR results are shown. in Figure 5. Subsequent XMRV
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Flgdre 4 Absence oiXMhVantlbodles in CFS patients and healthy persons by ELISA using recombinant XM RVprételns. Representative XMRV
Envelope (Env) ELISA results for 50 CFS cases and 49 healthy: persons identified after unblinding. Specimens coded with W and G1-GS0 are from the
population-based study in Wichita and Georgia, respectively; specimens G59 - G75 are from physician-referred CFS cases from the Georgia Registry
study. Specimens from a healthy control and a person with-CFS, coded as G6 and G9 respectively, were weakly seroreactive in this test but were not
confirmed by either Western blot or immunefluorscence testing, Human sera were diluted 1:200. The human negative control serum was obtained
froma héalthy_ volunteer previously determined to be seronegative. The polyclonal mouse Env antiserum was diluted 1:100, Assay cut-off was deter-
mined by the mean of the test samples plus three standard deviations.

testing showed. that XMRV gag and pol sequences were
not detected in 1 ug of PBMC (n = 31) or whole blood (n
= 19) DNA from the CFS patients or in 1 ug PBMC DNA
from the 56 healthy controls. A representative Southern

. blot.of the XMRYV pol PCR testing of persons with CFS is

shown in Figure 5. Matching DNA was not available from
one CFS case, ‘ ;
Blinded PCR -testing performed at an independent
institution (Blood Systems Research Institute (BSRI), CA)
-using a second nested PCR assay for XMRV gag DNA
sequences, with a sensitivity of 3 copies per reaction, was
also negative using 100 ng DNA specimens from all 50

CFS cases and 56 healthy controls (data not shown). 250 .

ng of DNA from the Georgia Registry patients also tested
negative using this nested gag PCR test (Figuré 6). Four

blinded, "external” control specimens, included with the

panel of human specimens and spiked with 4, 40, 400, and

4000 XMRV plasmid copies in 100 ng of human DNA,

were all detected by this testing (data not shown),

Discussion. - - : :

We found no evidence of infection with XMRV among

persons with CFS or matched healthy controls from the
US by testing with' multiple serologic and PCR assays per-
formed independently in three laboratories blinded to the

clinical status of the study participants. Our results-con- °
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Figure 5 Absence of XMRV polymerase {pol) sequences in CFS pa-
tients. A Representative nested po/ PCR results using PBMC DNA spec-

"imens from persons with CFS identified after unblinding. Lanes 1 -5, 6
-10,and 11 - 14 are fesults for persons with CFS from Wichita, Georgia,
and the Georgia registry studies, respectively; lanes 15 and 16, water
only controls; lane 17, negative human PBMC DNA control; lanes 18

. and 19; assay sensitivity controls consisting of 101 and 103 copies of
XMRV VP62 plasmid DNA diluted in a background of 1 tg of human
PBMC DNA, respectively. 8. Semi-quantitative B-actin PCR results for
PBMC DNA specimens above in lanes 1 - 14; fane 15, water control;
lanes 16-19, 10-fold dilutions of blood donor PBMC DNA starting at 0,1

ug as a positive assay control. .
A /

trast with the high rate of XMRV detection reported by
Lombardi et al. among both CFS patients and controls,

"but are in agreement with recent data reported in two

large studies in the UK and a.smaller study in the Nether-
lands that .could not detect XMRV sequences in CFS
patients and one UK study that also failed to detect spe-

" cific- XMRV neutralizing antibody responses in CFS

[11,16-18]. Combined, these negative data do not support
XMRY as the etiologic agent of the majority of CFS cases.
Several possibilities could explain these discordant

results, including technical differences in assays used for
- the testing in each study. However, the inability of four

A 123 4567389 101121314151817181930

2°PCR

GAPDH

Figure 6 Absence of XMRV gag sequences in CFS patients. A. Rep-
resentative nested gag PCRresults from patients from the Georgia
Registry identified after unblinding. Lanes t and 20, 100-bp tadder;

" lanes 2- 15 are results from CFS patients; lanes 16 - 18 assay sensitivity
controls consisting of 10, 3 and 1 copies of XMRV VP62 plasmid DNA
dituted in a background of 250 ng of human PBMC DNA; lane 19, water -
control. B, GAPDH PCR results for same PBMC DNA specimens above.
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independent laboratories to replicate the high' XMRV
prevalence in CFS cases reported by Lombardi ef al. can-
not be explained by minor differences in assays used in-
each study. In addition, testing at CDC utilized the nested
XMRYV gag PCR assay used by Lombardi et al and Uris-
man et al. to identify XMRYV infection in CFS$ and pros-
tate cancer patients, respectively [11,12]. Further, to
improve assay sensitivity, we used 1 ug of input DNA
which is 4-5 times higher than that used by others [11-
13,16,17), all while maintaining an assay sensitivity of 10
copies. To ensure that our testing would not miss geneti-
cally diverse XMRV or MulLV strains, we also used a sen-
sitive nested PCR assay with. conserved pol gene primers

- and found that this testing was also negative confirming

the absence of XMRV/MuLV sequences. While PBMC

DNA was used in the majority of specimens, 1 ug whole .
blood DNA was also used in testing 19 CFS cases. This °

input DNA represents about 350 ng of PBMC DNA
which is similar to the amount used by others [I1-
13,1'5,16],vthus not affecting the sensitivity of our results.
The negative PCR findings were confirmed by an inde-
pendent laboratory with a secorid nested gag PCR assay

which provided additional evidence for the absence of -

XMRYV sequences among CFS'cases and controls. The:
primary PCR amplification used in this second test is also
that used by Lombardi et al. which when combined with
a nested PCR step has 2 3-copy detection threshold.
Antibody responses particularly to Gag and Env pro-
teins are hallmarks of immune responses to retroviral
infections including. experimental XMRV infection of
macaques [22]. We used a new WB assay to test for anti-
XMRYV antibodies and showed by using both monoclonal
antibodies and polyclonal ‘antisera that this assay
detected specifically, and with high titers, réactivity to
both XMRYV and MuLV Gag and Env proteins. We were
unable to detect antibodies to XMRV Gag and Env in any

- of the CFS and controls specimens by using this WB

assay. Likewise, negative results were obtained in a sec-
ond, independent laboratory by using XMRV—speciﬁc
ELISA-based and IFA assays. Thus, the observed negative
serologic results for all CFS patients reflect an absence of
antibody responses and active XMRYV infection. Although
limited, the negative WB serology observed in 56 healthy
controls and 121 blood donors also suggests that the
XMRYV seroprevalence in this population ‘is not high.
Screening of larger numbers of US blood donors using a
high throughput ELISA followed by confirmation in a
WB test also showed uncommon seropositivity (~0.1%)
[22). More studies, however, are needed to determine the

_prevalence of XMRYV in healthy populations.

One current limitation of our study, and of others per-
forming serologic and PCR testing for XMRYV, is the
absence of bona fide positive and negative control speci-
mens from infected and uninfected humans to determine

-

s

Switzer et al. Rerrovlrology 2010, 7:57
http://www.retrovirology.com/content/7/1/57

the analytical sensitivity and specificity of the detection
assays. Until faanels of -well-characterized clinical speci-
mens become available, assay validation will be limited to
reagents generated experimentally, such as polyclonal
and monoclonal antlbodles, XMRV  plasmids, and
XMRV-infected cells.

The selection-criteria with which persons with CFS
were included in these various studies may also help to
explain the incongruent XMRV findings. The study by
Lombardi et al. used samples from the Whittemore Peter-
son Institute National Tissue Repository reported to con-
tain specimens from well-characterized cohorts of CFS,
[11}. Yet, the paper provides no information regarding the
repository or concerning the nature of these cohorts
other than that they were collected from private medical
practices in several regions of the U.S. where clusters of
CFS have been documented [11]. An absence of details of
the CFS cases and controls in this report makes it difficult
to replicate” and “interpret their. findings. In. contrast,
patients in the UK and Netherland studies were typical of
CES patients seen in specialist clinical services in those

countries and resemble ‘persons seen in other specialist °

CFS services in the US and Australia [16-18); Almost half
of the UK CFS patients described onset of their illness as
related to an acute viral disease [16,17]. Thus, they would
appear quite comparable to those in the study by Lom-

bardi et al. Similarly, our study also failed to detect

XMRYV infection in 18 CFS patients referred to a fatigue
registry by health care providers in Georgia and included
three persons whoreported sudden onset to their illness.
Our study is the first to evaluate XMRYV infection in per-
sons with CFS and healthy controls from the general pop-
ulations of Wichita and Georgia. These CFS cases are
different from CFS patients-seen in general practice and
referral clinics; of the participants from the population-
based study in Georgia, only half had consulted a physi-
cian because of their fatigue, about 16% had been diag-
nosed with CFS, and.75% described an insidious onset to
their illness that hiad no obvious relation to an acute
infectious disease. Nonetheless, results from our general
population cohort ‘extend the examination of XMRV in
CFS to persons whose illness developed gradually, for the
most part, rather than acutely. Our negative findings, in

' -conjunction with those in Europe {16-18), indicate no dis-

cernable association of XMRV with a wide spectrum of
CES cases. The negative results for CFS patients and con-
trols from the US in the current study also do not support
a continental clustermg of XMRYV infection suggested by
the absence of infection in the UK and Netherlands [16-
18]. However, our ﬁndmgs may nhot be generalizable
beyond our study populations bécause XMRYV infection
rates may vary in different regions or locales. )

CFS is a diagnosis -of exclusion based on self-reported
symptoms and requires careful medical and psychiatric
evaluations to rule out conditions with. similar_clinical
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presentation. Our study and the negative reports from
the UK and the Netherlands evaluated patients for exclu-
slonary conditions and defined CFS according to criteria
of the 1994 International CFS Research Case Definition
[23] or the earlier Oxford case definition [24]. The Lom-
bardi et al. study specifies that samples were selected
from patients fulfilling the 1994 international CFS caseé
definition [23] and the 2003 Canadian Consensus Criteria
for CFS/ME [25). Lombardi et al did not specify if
patients were evaluated for exclusionary conditions, or if
the study subjects met both definitions, or which patients
met either CFS definition. The 1994 International CFS
case definition and the Canadian Consensus Criteria are
different and do not necessarily identify similar groups of
ill persons. Most notably, the Canadian Criteria include
multiple abnormal physical findings such as spatial insta-
bility, ataxia, muscle weakness and fasciculation, restless
leg syndrome, and tender lymphadenopathy. The physical

signal the presence of a neurologic condition considered

exclusionary for CFS and thus the XMRV positive per-

sons in the Lombardi et al, study may represent a clinical
subset of patients [11],

CFS§ is a complex disease with various clinical subtypes )

proposed which could also account for differences in the
results obtained in-each study.{11,16-18). While there'is
still no universal agreement on a precise clinical presen-
tation encompassing CFS illness, defining patient charac-
teristics in studies of CFS etiology or pathogenesis
remains crucial for' making comparisons across various
research conclusions, .

Conclusions

findings in persons meeting the Canadian definition may .

93

In our study population of CES and healthy persons from

the US, we did not find any evidence of infection with
XMRYV using PCR and serologic methods performed

independently in three laboratories blinded to the clinical’

status of the study participants. These results do not sup-
port an association of XMRV with CFS. =

Methods
Study population and specimen preparation
The CDC Institutional ‘Review Board reviewed and
approved all study protocols. All participants were volun-
teers and provided informed consent. Laboratory testing
of the samples was performed anonymously and blinded:
to clinical status. )

Details of our two study populations have been
described previously [2,26,27]. Briefly, between 2002 and
2003 we sampled adults 18 to 59 years old from Wichita,

Kansas [26,27] and between 2008 and 2009 we sampled
adults 18 to 59 years old from metropolitan, urban, and -

rural Georgia {2]. In both studies, we used random digit-
dial screening interviews to classify household residents
as. either'well or having symptoms of CFS. A follow-up
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detailed telephone interview was administered to all indi-
viduals Wwith symptoms and to a probability sample of
those without symptoms. Based on the detailed inter-
view; those meeting criteria of the 1994 International CFS
Research Case Definition [23] were classified as CFS-like
and other respondents classified as either unwell (not

" CFS-like) or well. All CFS-like individuals were recruited

and a random sample of those who 'were unwell but not
CFS-like, and a set of matched (sex, age, race/ethnicity,

geographic) well people were recruited for a 1-day clinical

evaluation.

‘We also tested specimens from CFS cases identified in
a CDC Health Care Provider-based Registry of Unex-
plained Fatiguing Ilinesses and 'CFS (unpublished).
Between October 2008 and December 2009, healthcare
providers practicing in Bibb County, GA referred adoles-
cents and adults 12 - 59 years old who met criteria for

‘unexplained fatiguing illness (fatigue for > 1 month), and

having at least. one other core CFS symptom during that
period (unrefreshing sleep, problems with cognition or
memory, joint or muscle pain in extremities), and did not
have an exclusionary medical or psychiatric condition,
All referred patients underwent a telephone screening

interview to document fatigue lasting > 6 months, and

the presence of at least one core symptom and no exclu-
sionary conditions. Patients meeting these criteria under-
went the same 1-day clinical evaluation as persons.from
our population-based studies, described in detail below.

Clinical assessment

Clinical evaluations involved: 1. Administration of stan-

dardized questionnaires to measure the 3 domains of the
1994 CFS case "definition [23]: the Multidimensional
Fatigue Inventory (MFI) to measure 5 dimensions of

. fatigue (28] the Medical Outcomes Survey Short Form 36

(SF-36) to evaluate 8 dimensions of functional impair-

“ment [29]; and the CDC Symptom Inventory to evaluate

occurrence/frequency/severity of the 8 CFS-accompany-
ing symptoms [30]; 2. A standardized physical examina-
tion conducted by a specifically trained physician who
also reviewed past medical history, review of systems,
and current medications/supplements; 3. Collection of

. blood and urine for routine clinical analyses [23,31];4. A
_ standardized psychiatric evaluation conducted by specifi-

cally trained psychiatric interviewers - Diagnostic Inter-

- view Schedule (DIS) in Wichita [32] and the Structured

Clinical Interview for DSM-IV Disorders (SCID) in Geor-
gia [33].

The physician's evaluation and routine clinical labora-
tory tests served to identify medical conditions consid-
ered exclusionary for CFS, specified in the 1994 case
definition [23] as further clarified by the International
CFS Study Group.in 2003 [31]. The psychiatric interview
served to identify current psychiatric disorders consid-

ered-exclusionary for CFS, which included current mel-
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ancholic depression, current or lifetime bipolar disorder

or psychosis, substance abuse within 2 years and eating

disorders within 5 years [23,31].

"lliness classification

Following clinical evaluation, participants who had no
exclusionary medical or psychiatric conditions were diag-
nosed with CFS if they met criteria of the 1994 interna-
tional case definition [23) as quantified by the CDC
Symptom Inventory and ancillary criteria of the MFI and
SF-36 [26,31}. We used the MFI to assess fatigue status

"[28]. For classification as CFS, those with a score = well-

population medians on the general fatigue or reduced

activity scales of the MFI were considered to meet fatigue ~

criteria of the 1994 international case definition. Func-
tional impairment was assessed by the medical outcomes
survey short form-36 (SF-36) [29]. For classification as
CFS, those with a score < 25th percentile of population
norms in the physical function or role physical, or social

‘ function, .or role emotional subscales of the SF-36 were

considered to have substantial reduction in activities as
specified in the 1994 definition. Those who met at least
one but not all 1994 criteria were considered unwell not

CFS. Those who met none of the criteria were considered”

well.

Specimens were avallable from 89 persons (33 CFS and .

56 well controls) from the population-based case-control
studies and 18 CFS persons from the Registry study
described above, Subjects were included based on avail-

- ability of specimens, and comprised 11 of 43 persons with

CFS and 26 of 53 healthy controls from Wichita, KS and

22 of 32 persons with CFS and 30 of 51 healthy controls . -

from Georgia. Persons with CFS and healthy controls had
similar, mean ages; similar predominance of females and
white race; and had a.similar mean body mass index

(BMI) (Table 1). Subjects with CPS had been ill on aver-

age 13.9 years (median 11.15 yrs, range 3 40 yrs), were
severely fatigued (MFI General Fatigue 16.5, range 10 -
20; MFI Reduced Activity 12.8, range 4 - 20) and severely
impaired (SF-36 physical functioning 65.5, range 10-100);
SF-36 bodily pain 48.8, range 12 - 84), and 3/33 (9%)
reported sudden onset to their-illness. Clinical and demo-
graphic characteristics of subjects with specimens avail-
able for this study did not differ from those persons who
did not have ample specimen volumes and case-control
matching was maintained.

18 of 38 persons enrolled in the Registry study had a
diagnosis of CFS and were available for the current study.
These provider-referred CFS patients had a mean age of
42:8 years. (SEM = 2.85 years), and were predominantly

~white [17/18, (94.4%)] and female [16/18 (88.99%)]. They

had suffered fatigue for an average of 9.4 years (range: 1 -
35 years) and 3/18 (16.7%) reported sudden onset to their
illness. '
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Table 1: Dlstnbutlon of demographic varlables by CFS case-control status among persons from the combined chhita and
b d

Georgia case- i populati
CFs ~Well
" Demographic Factor Wichita, KS Atlanta, GA Wichita, KS -Atlanta, GA p-valug?34
Co (N=11) N=22) (N=26) © IN=30) -
Age N .
Mean £ SEM! . 46.7 £3.32 47.7£4.69 51.6+5.1 46.1+£548 ‘p=051
sex[n (%)}
Female 8(72.7) 20(90.9) 21(80.8) . 25(83.3) p=074
Male . 3(27.3) 2(9.1) 5(19.2) T50067)
Race [n (%}] )
White " . 10(90.9) 18(81.8) 25(96.2) 27 (90}
Black’ 0{0) 3(136) 1(3.8) L3010 . p =069
Other © 100 - 1(4.6) [ 0(0)
Body Mass |nd§x X
Mean £ SEM * i : 276+33 282x47 292 5.1 263+55 p=0.76

1:SEM, standard error of the mean

2. t-test-was used to compute. probabllmes for comparisons of mean age and mean body mass |ndex between study groups
3. Chi square test was used to-compute the probability for comparison of the distribution of sex between cases and controls.
4, Fisher's exact test was used to compute the probability for comparison of the distributior of race between the study groups, and was based

on Blacks and Whites only

Speclmen céllectlo_n, processing, storage

Fresh whole blod. was collected in either CPT Vicu-
tainer tubes containing soditim citrate and a blood sepa-
ration reagent (Becton Dickinson,” NJ, USA) for the
Georgia and Wichita studies or in PAXgene tubes for the -
Georgia CFS Registry study and transported to CDC.
Blood was also collected in PAXgene tubes for twe per-
sons from the Georgia poptilation-based study. PAXgene
tubes were gently inverted 5 times; stored overnight at -

20°C; and then transfeir_ed to -70°C until DNA isolation

was performed. PBMCs and plasma were immediately
isolated by centrifugation of the CPT tubes. PBMCs were
stored in liquid' nitrogen under conditions designed to
maintain viability. Plasma was aliquoted and stored at -
80°C within 4 hours of blood collection. For samples col-

" lected from persons living in Wichita, KS and from the

Georgia CFS Registry study, whole blood was also col-
lected in EDTA Vacutainer tubes, Plasma was recovered
from the EDTA-treated blood by centrifugation at 15,000
x g for 20 minutes and aliquoted and frozen at -80°C until
use.:Plasma samples were aliquoted again when thawed
for WB testing; the remaining aliquots were re-frozen at -
80°C.

DNA was extracted ftom cryopreserved PBMCs or fro-
zen whole blood with the Qiagen blood DNA minikit or

94

Qiageh PAXgene Blood DNA kit (Qiagen, Valencia, CA), -

respectively, then aliquoted and stored frozen at -80°C.

All PBMC samples had viabilities >'90% when they were
thawed for DNA isolation. Nuclelc acid concentrations.

were detérmined by specttophotometry using the Nano-"

drop instrument (Thermo Scientific, Wilmington, DE),
For the PCR testing at CDC, 1 ug of PBMC or whole
blood DNA was used. Integrity of the DNA specimens
was  determined - using ' f-actin .PCR as previously
described [34]. Matching plasma or DNA was not avail-

able from thiee healthy persons from Wichita, KS and .-

one CFS case from Georgia, respectively. All specimen

- preparation, tissue culture, ahid PCR testing was done in

physically 'isolated rooms to prevent contamination of
specimens.

Serologi: Assays

HeLa cells were infected with supernatant from the

murine macrophage cell line RAW264.7 (ATCC, Manas-
sas, VI) known to express polytropic and ecotropic MuLV
{PMLYV and EMLY, respectively). To characterize the iso-
late that replicated in HeLa cells, a 166-bp RNA sequence
containing the variable region C-of the envelope (Env)
surface protein was PCR-amplified from infected Hela
cell tissue culture supernatants. Phylogenetic analysis of

10
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the env sequence showed that the isolate was a PMLV. by
clustering tightly with other PMLYV, and not EMLV (data
not shown). XMRV and PMLY are highly related sharing
between 87 - 94% nucleotide identity across their
genomes and 88 - 97% and 88 - 91% amino.acid identity
to complete Gag and Env proteins, respectively. Indeed,
- partial Gag (123 aa) and Env (55 aa) sequences from our

polytropic Hela isolate share 96% and 90% identity to.

XMRY, respectively. Thus, the high amino acid related-
. ness supports the use of this isolate for WB serologic test-
ing. Infected and uninfected HeLa cride cell lysates were
" prepared for WB testing as previously described [35].
Protein concentrations of the lysates were determined
using the BioRad DC Protein Assay (Hercules, CA).
Plasma or serum samples were diluted 1:50 and reacted
.separately to 150 ug of infected and uninfected cell lysates
overnight at 4°C after protein separation through 4-12%
polyacrylamide gels and transfer to nytran membranes,
as previously described [35,36]. Seroreactivity in human
specimens was detected using peroxidase-conjugated
_protein A/G (Pierce, Rockford, IL) and chemilumines-
cence (Amersham, Uppsala, Sweden) [35,36].
Since validated -XMRV-positive human sera are not
-currently available, we used experimentally derived poly-
_ clonal antisera and monoclonal antibodies to assess anti-
genic reactivity of the WB assay. These reagents included
goat polyclonal antisera to MuLV (whole virus and gp69/
71Env, respectively) available at ATCC (VR-1537 and VR-
. 1521, respectively), and a rabbit anti-XMRV polyclonal
antiserum (kindly provided by Ila Singh) and a rat anti-
SFFV (7C10) monoclonal antibody (kindly provided by
Sandra Ruscetti) used previously to detect XMRV protein
expression and antibodies in prostate cancer and CFS
patients, respectively [11,13,21]. Peroxidase-conjugated
protein A/G or anti-rat antibody (Sigma, St. Louis; MS)
was used to detect bound goat, rabbit, and rat antibodies,
respectively. Sensitivity of the assay was estimated using
two fold serial dilutions of the MuLV, XMRYV, and SFFV
polyclonal and monoclonal antibodies. Cross-reactivify
of the WB assay on HIV and HTLV positive plasma was
evaluated on 13 HTLV-1/2 positive, 7 HIV-1-positive,
and six HIV-1/HIV-2 dual positive plasma. In addition,
sera from 121 HIV and HTLV seronegatlve anonymous
US blood donors collected in 1998 were tested.
An aliquot of coded plasma from the CFS and healthy
controls was tested at RKI by an ELISA using recombi-
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and 0.05% Tween20 were added into each well and incu-
bated for 1 hour at 37°C, Each well was again washed
three times and a 1:1000 dilution of a goat anti-human
IgG-HRP conjugate (Sigma Aldrich, Munich, Germany)
in PBS, 2% milk powder, 0.05% Tween 20 (Serva, Heidel-
berg, Germany) was added. Following iricubation for 1
hour at 37°C, each well was again washed three times,
and chromogen ortho-phenylendiamin (QPD) in 0.05 M
phosphate-citrate buffer, pH 5.0 containing 4 ul of a 30%

- solution of the hydrogen peroxide substrate per 10 ml

was added. After 5-10 ‘minutes the color development
was stopped by addition of sulphuric acid and the absor-

bance at 492 nm/620 nm was measured in a microplate -

reader. Positive controls included mouse anti-Gag and
Env antisera and pre-immune sera diluted 1:50 in PBS
with 2% milk powder and 0.05% Tween20, In addition, a
separate set of goat sera was also tested in a blinded fash-
ion and included external positive and negative controls
consisting of dilutions of the MuLV whole virus, gp69/71
goat polyclonal antisera, or pre-immune. goat -sera,
respectively. Detection of antibody reactivity in the goat
sera was done by using rabbit anti-goat HRP conjugate
(Dako, Hamburg, Germany).

Samples reactive by ELISA testing were then re-tested
using an immunofluorescence assay (IFA) [14]. Briefly,
plasma specimens were diluted 1:200 in blocking buffer
and tested against 293T cells expressing codon optimized
synthetic full-length genes of the XMRYV env or gag under
control of the CMV promoter and bound.to glass slides,
as described in detail previously {14]. Following incuba-

tion for 60 min at 37°C, the slides were washed exten-

sively with PBS and secondary antibodies conjugated to
fluorophores were added for 30 min. After thorough
washing steps with PBS, the cells were mounted in Mow-

iol and viewed on a Zeiss' (LSM510) confocal laser-scan-

nlng mlcroscope

Detection of XMRV sequences

DNA spécimens were screened by PCR at the CDC with
an XMRV-specific gag and a polymerase (pol) assay that
detects xenotropic and polytropic MuLV. The XMRV
specific assay uses the primers GAG-O-F and GAG-O-R
and GAG-I-F and GAG-I-R for the primary and nested
PCRs, ' respectively, ‘and conditions as previously

'descnbed [11,}2). This is the same nested PCR ‘test used

nant Gag and Env proteins used recently to investigate -

XMRYV infection in German prostate cancer patients {14],
Briefly, recombinant proteins were coated overnight on
microtiter plates at room temperature in equimolar
amounts, The plates were blocked with 2% Marvel milk
powder in phosphate buffered saline. (PBS) for 2 h at
'37°C, washed three times with PBS, 0.05% Tween 20.
Patient plasma diluted 1:200 in PBS with 2% milk powder

11

by Urisman et al. and Lombardi et al. to detect 413-bp
XMRV gag sequences in prostate cancer -and ‘CFS

patients, respectively [11,12]. The primers and probes of ..

the generic pol PCR assay were designed from an align-
ment of complete XMRV and prototypical xenotropic,
polytropic, and ecotropic MuLV genomes available at
GenBank (accession numbers: xenotropic (XMLV):
XMRYV VP35 = DQ241301, XMRV VP62 = DQ399707,
XMRV VP42 = DQ241302, XMRV WPI-1106 =

Switzeretal, Retrovlrology 2010 7:57
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gg_m XMRV WPI-1178 = GC497343, MuLV DG-
75 = AF221065; MuLV MTCR = NC 001702, mERV Chr
9.= AC121813, mERV Chr 4 = AL627077, mERV Chr 1 =
ACQ83892; polytropic (PMLV): - mERV Chr 7 =
AC167978, mERV Chr 7 = AC127565, mERV Chr 12 =
AC153658; ecotropic (EMLV): MuLV AKV = ]01998,
MuLV BMS5eco = AY252102.1, Moloney MuLV = [02255,
Rauscher MuLV = NC 001819, Friend MuLV = X02794).
The external external XPOLOF (5"CCG TGC CCA ACC
CTT ACA ACCTCT 3% and XPOLOR (5' CCG AGG
TTC CCT AGG GTT TGT AAT 3" and internal primers
XPOLIF (5 TCC ACC CCA CCA GTC AGC CTC TCT
3') .and XPOLIR (5' AAG TGG CGG CCA GCA GTA
AGT CAT. 3) were used to generically detect 216-bp
XMLV/XMRV pol sequertces. All assays were optimized
to achieve the highest sensitivity in detecting XMRV
VP62 plasmid DNA in one ug of genomic DNA. One ug
of human DNA was used as input for the PCR tests. PCR
products were visualized by electrophoresis in an ethid-
ium bromide-stained 1.8% agarose gel. To  further
increase the sensitivity and specificity of the PCR assays;
amplified gag and pol sequences were confirmed by
Southern blot analysis using the biotinylated .oligoprobes
XGAGP2 (5' ACCTTG CAG CAC TGG GGA GAT GTC
3), and XPOLP (5 TTG ATG AGG CAC TGC ACA
GAG ACC 3 and chemiluminescence detection, The
detection limit of the assays was evaluated using 10-fold
dilutions of XMRV VP62 plasmid diluted in a back-
ground of one ug of genomic human DNA. Assay speci-
ficity wds evaluated using PBMC DNA from 41

* anonymous US blood donors screened negative for HIV

and HTLV,

Nested PCR was also performed at BSRI using double
blinded genomic DNA specimens in order to'indepen-’
dently test for XMRY gag sequences. The first round was
performed.as previously described to detect XMRV in
PBMC DNA of CES patients [11]. Briefly, 100 - 250 ng of
genomic DNA was amplified using outer gag primers
419F (5' ATC AGT TAA CCT ACC CGA GTC.GGA C3)
and 1154R (5' GCC GCC TCT TCT TCA TTG TTC TC
3') at a final concentration of 0.3 uM, HotStart-IT Fideli-
Taq Master Mix (USB Corporation, Cleveland, OH)and 1
mM magnesium chloride. PCR was. performed using an
initial denaturation step at 94°C for'4 minutes followed by
45 cycles of 94°C for 30 seconds, 57°C for 30 seconds and
72°C for 1 minute and a final extension step at 72°C for 2
minutes. Nested PCR was conducted using ‘1 pl of the

 first round DNA in the second round reaction, Nested

primers 488F (5' GGG GAC.GAG AGA CAG AGA CA
3)and 1107R (5' CAG AGG AGG AAG GTT GTG CT 3

were used at a final concentration of 0.3 uM and amplifi- -

cation was performed using HotStart-IT FideliTag. PCR

12
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was performed using an initial denaturation step at 95°C
for 90 seconds followed by 40 cycles of 95°C for 20 sec-
onds, 58°C for 30 seconds and 72°C for 40 seconds and a
final extension step at 72°C for 2 minutes, PCR contami-
nation occurring during nested PCR was evaluated by

-including at least one third as many water controls as test

samples in each PCR experiment and were always nega-
tive,

Using serial dilutions of a cloned fragment of XMRV
gag as a positive control, the nested PCR assay could reli-
ably detect at least 3 copies of DNA per reaction, even
when spiked into genomic DNA prepared either from
293FT cells or donor PBMCs previously validated to be
negative for XMRV, Controls of GAPDH (forward - 5'
CAT GTT CCA ATA TGA TTC AC 3’ reverse - 5' CCT
GGA AGA TGG TGA TG 3' 75 ng genomic DNA, 3 min-
utes at 95°C followed by 45 cycles of 95°C for 20 seconds,
55°C for 45 seconds and 72°C for 30 seconds, followed by
1 cycle of 72°C for 2 minutes) were performed to ensure .
similar 1evels of genomic DNA input in each PCR reac-
tion.
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Chronic fatigue' syndrome (CFS) is a serious systemic liness ef
unknown cause. A recent study identified DNA from a xenotropic

_murine leukemia virug-related virus (XMRV) in peripheral biood

mononuclear cells (PBMCs) from 68 of 101 patients {67 %) by nested
PCR, as compared with 8 of 218 (3.7%) healthy controls. However,
four subsequent reports failed to detect any murine leukemia virus

" (MLV)-related virus gene sequences in bloed of CFS patients. We

examined 41 PBMC-derived DNA samples from 37 patients meeting
accepted diagnostic criteria for CFS and found MLV-like virus gag
gene sequences in 32 of 37 (86.5%) compared with only 3 of 44
(6.8%) healthy volunteer blood donors. No evidence of mouse
DNA contamination was detected i in the PCR assay system or the
clinical ples. Seven of 8 gag-p tested again pos-
itive in a sample obtained nearly 15 y ‘later, In contrast to the
reported findings of near-genetic id y of all XMRVs, we.identi-
fied a genetically diverse group of MLV-related viruses. The gag
and env-sequences from CFS patients were more closely related
to those of polytropic mouse endogerious retroviruses than to
those of XMRVs and were even less closely related to those of
ecotropic MLVs. Further studies are needed to determine whether
the same strong association with MLV.related viruses is found in
other groups of ‘pat > with CFS, whether these viruses play
a causative role in the develop of CFS, and whether they rep-
resent a threat to the blood supply.

xenotropic murine leukemiia virus-related virus | murine leukemia virus-like
virus | viral gag gene sequence | polytropic | mouse mitochondria DNA PCR

Chromc fatigue syndrome (CFS) is a debxhtanng disorder
defined solely by clinical symptoms (1) and the exclusion of
other diseases; its distribution is wide and its cause is unknown.
In many instances, the illness starts suddenly with an infectious-
like syndrome. A number of objective immunological and neu-
rological abnormalities have been found more often in patients
with CFS than in healthy controls or in patients with other fa-
tigue-inducing -illnesses (2). Various microbial and viral infec-

- tions have been implicated as possible triggers of CFS, iricludinig

human herpesvirus-6, Epstein-Barr virus, enteroviruses, parvo-
virus B19, and the bacteria that cause Lyme disease and Q fever
(2). However, no single agent has been associated with a large
fraction of cases.

A recent study reported that a high percentage of patients
with CF$ are infected with a mouse leukemia retrovirus that has
been designated xenotropic murine leukemia virus-related virus
(XMRYV) (3), a virus first identified in.samples of human prostate
cancer tissue about 4 y ago (4). However, two subsequent studies
failed to find an infectious murine leukemia virus (MLV)-related
virus in German prostate cancet patients (5, 6), and four recent
studies from Europe and the United States have failed to detect
XMRV or an MLV-related viral gene sequence in the blood of
CES patients using PCR (7-10).

In the mid-1990s, we obtained serum and whole-blood samples *

from CFS patients for the investigation of possible mycoplasmal

www.pnas.orglcgi/doi/10,1073/pnas. 1006901 107

* Harvard Medical-School, Boston, MA 02115; and ‘Department of Transfusion Medicine, The Warren Grant Magnuson Clinical Center, Nationa! institutes of

infections (11). Whole-blood, peripheral blood mononuclear cell
(PBMC), and plasma samples from 37 CFS patients in the my-
coplasma studies. were ‘maintained in frozen storage at —80 °C.
Twenty-five patients were from an academic medical center and
12 were referred by community physicians. Repeat blood sam-
ples were obtained from the academic medical center patients:

four samples were obtained 2 y later and sxmllarly kept in frozen

storage, eight were obtained. ~15 'y later, in 2010, and-processed
for XMRV/MLV-related virus testing without being frozen.

By nested PCR assays targeting the MLV-related virus gag
gene, using both the previously described primer sets (3,-4) and
an in-house-designed primer set with highly conserved. sequen-
ces from different MLV-like viruses and XMRVs, we examined
DNA prepared from the blood samples of these 37 CFS patients
for the presence of MLV-like virus gag gene sequences. In ad-
dition, RNA was prepared from the deep-frozen plasma samples
of these patients and analyzed by RT-PCR assay. DNA extrac-
ted from frozen PBMC samples-of 44 healthy volunteer blood
donors was tested in parallel. RELVe)

Results ] ‘ ] o
MLV-Related Viral gag Gene Sequences Detected in the Blood of CFS
Patients. By nested PCR assays, targeting the mouse retrovirus gag

ene using either the previously reported PCR primer sets (first

g
‘round: 419F/1154R; second round; GAG-I-F/GAG-I-R) (3, 4) or

our in-house—designed PCR primer set (first round: 419F/1154R;
second round: NP116/NP117) (Fig. 1), we detected a high fre-
quency of MLV-related virus gag gene sequences in patients with

. CFS. The NP116/NP117 is an internal primer set with highly

conserved sequences in different MLV-like viruses and XMRVs
(Fig. S1). After the first round of nested PCR using primer set
419F/1154R, gel electrophoresis revealed positive PCR-amplified
products with the predicted size of ~730 bp in 21 of 41 PBMC or
whole-blood samples from 37 CFS patients (Fig. 14). The nested
PCR results produced by the second round of amplification using

. cither the internal primer set GAG-I-F/GAG-I-R (WIth a pre-
dicted size of an ~410-bp product) or the internal primer set .

NP116/NP117 (with a predicted size of an ~380-bp product) were
essentially identical. Overall, samples from 32 of 37 (86.5%) CFS

patients revealed positive amphﬁcatlon products with the correct -

predicted sizes in the nested PCR. (Fig. 1B). Of the 25 CFS
patients' who -had been rigorously evaluated at the ‘academic
medical center, 24 (96%) were positive, On.repeated testing 2y
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Fig. 1. “MLV-related gag gene sequences detected in blood DNA from CFS
patients, (A) Results of PBMC DNA from CFS patient samples 1-25 {of 41
samples examined) amplified after the first round of nested PCR using
3 previously published primer set {419F/1154R): targeting gag gene. (B)
Resuits of PBMC DNA from the 25 CFS samples after completing the second
- round of nested PCR using an in-house-designed PCR primer set (NP116/
NP117). (C) MLV-related gag gene RNA sequences are detected in plasma of
CFS samples by RT-nested PCR. Results of RT-nested PCR for RNA derived
from the plasma samples of CFS patients 4-17 .are shown. The positions of
expected sizes of the "positive” PCR amplicons are Indicated by arrows, M,
DNA ladder size markers. Ali positive PCR amplicons with the expected size
have been confirmed by DNA sequencing.

later of four of the academic center patients, all four remained
positive, On repeated testing of eight academic center patients
~15 y later (in 2010), seven remained positive. All PCR products
with the correct predicted size were retrieved from the gel and
analyzed by DNA sequencing. Their DNA sequences were all
conﬁrmed to be those of MLV-related virus gag genes. The
1its of all of the seq obtained from PCR products of
~T30 bp are shown in Fig. S1. All of the positive PCR products
amplified from the CFS patients’ samples using primer set 419F/
1154R were 746 bp in length. All of the positive PCR products
amplified from the patients’ blood samples using primer set GAG-
-I-F/GAG-I-R and primer set NP116/NP117 were 413 and 380 bp
in length, respectively.

In 42% of samples, we also detected and sequence-conﬁrmed
the presence of MLV-related viral RNA in the frozen plasma
samples of these CFS patients, using an RT-PCR assay (Fig.
1C). With one exception, all of the patients who tested positive
for viral RNA gag gene sequences in the plasma samples also

_ tested positive in the DNA prepared from PBMCs and/or whole
blood. On the other hand, only about half of the patients with
MLV-related virus gag gene sequences detected in PBMC DNA

-also had viral gag RNA sequences detected in the. plasma,

" MLV-Related Viral gag Gene Sequences Detected in the Blood of
Healthy Volunteer Blood Donors, DNA originating from 44 healthy
volunteer blood donors was tested in parallel by nested PCR (Fig.
2). The nested PCR testing using the MLV-related virus gag gene-
specific primer sets could produce many side products from hu-
man DNA (Figs. 1 and 2). We sequenced all of the PCR-amplified
DNA bands from the 44 control samples of blood donors having
molecular sizes close to that of the predicted PCR products from

" the target XMRYV gag gene in the first round of PCR (Fig. 24) and .

in the second round of nested PCR (Fig, 2B). After the first round
of amplification in nested PCR, a positive PCR product with the
predicted size of ~730 bp was found in PBMC DNA from 1 of 44
blood donor controls (lane 4, Fig. 24). This ~730-bp PCR product
amplified from the blood donor (BD22) was confirmed by DNA
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FI§. 2. - MLV-rélated gag gene sequences detected in normal blood donors

by nested PCR. (A) Results of PBMC DNA from blood donors 1-25 (of 44
donors examIned) amplified after the first round of nested PCR using primer
set 419F/1154R. Lane 4: PBMC DNA from BD22 has a positive target PCR
amplicon confirmed by sequencing. (8) Results of PBMC DNA from the 25
normal blood donors after the second round of nested PCR using PCR primer
set GAG-I-F/GAG-I-R (4). Sequencing of the PCR bands with size ~413 bp

revealed that fane 4 (8D22), lane 7 (BD26), and lane 9 (BD28) were MLV-like

virus gag gene sequences; lane 8 (BD27) was a humian sequence. The posi-
tions of expected sizes of the positive PCR ampllcons are indicated by arrows.
M, DNA ladder size markers,

sequencing as an MLV-related virus gag gene sequence of 745 bp-

(Fig. S1). Overall, we found 3'of 44 (6.8%) blood donors’ PBMCs
(BD22, BD26, and BD28) to be positive for the MLV-related
virus gag gene sequences by completing both rounds of nested
PCR (Fig. 2B and Fig. S2).

MLV-Related Viral env Gene Sequences Detected in the Blood of a CF§
Patient and a Healthy Blood Donor. PBMC DNA from all of the
CFS patients and healthy blood donors was also tested by PCR,
targeting various regions of the MLV-related viral env gene. The

MLV-related viral env gene segment of 240 bp was amplified and .

confirmed by sequencing from one healthy donor (BD-26) by
a semi-nested PCR using the primer set 5922F/6273R in the first
round of amplification and 5922F /6173R in the second round of
amplification. The MLV-related viral env gene segment of 206

bp was amplified and confirmed by sequencing from 1 CFS pa-

tient by a nested PCR using primer set 5922F/6273R in the first
round of amplification and 5942F/6159R in the second round of
amplification (7 Materials and Methods).

Phylogenetic Analyses of MLV-Related Virus gag and env Gene

Sequences. Multiple sequence alignment (MSA) and phyloge-

netic analysis of the MLV-related virus gag gene sequences am-
plified from 21 CFS patient samples and one blood donor (BD22)
are shown in Fig. S1 and Fig, 34, respectively. There were three
different MLV-related retroviral gag gene sequences identified by
PCR in the blood samples of the CFS patients and a fourth variant

was detected in ‘blood donor BD22. The sequences in all four .

variants were more closely related to the sequences of polytropic
mouse endogenous retroviruses (MERVs) than to those -of
XMRVs. Although variations were observed, the majority (18/21,

86%) of CFS patient samples had the same viral gag gene sequerice
(CFS type 1), whereas 2/21 had a different, but similar, viral gag
gene sequence (CFS type 2), and a third distinct sequence (CFS
type 3) was found in the remaining CFS case. Phylogenetic analysis
using the 746-nt sequences obtained revealed that CFS type 1, CFS
type 2, and CFS type 3 formed a cluster that is clearly separable
from the cluster formed by the newly reported XMR Vs (Fig. 34).

Interestingly, the 745-nt virus gag gene sequence of danor BD22
(with a I-nt deletion in the alignment) could not be included in
either the cluster of CFS type 1/CFS type 2 or the cluster of
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Fig.3, Phylog ic trees cor

g to the MSAs shown in Figs. 51 and $2 were generated by the ClustalW2 program using the neighbor-joining method

(Materials and Methods). (4) Phylogenetic analysis based on the 746-nt gag gene nucleotide sequences amplified from blood samples of CFS patients and 8D-
22 of the corresponding MSA in Fig. S1. (B) Phylogenetic analysis based on the 380-nt gag gene sequences amplified from blood samples of CFS patients and
healthy bloqd donors using the primer set NPT16/NP117 of the corresponding MSA in Fig: S2.

XMRVs. The viral gag gene sequences of CFS type 3 and blood
donor BD22 appear to be phylogenetically more closely related to
polytropic mERVs or modified polytropic mERVs (Fig, 34).
Sequence analysns of the shorter fragments of the viral gag
gene amplified from blood of 36 out of 41 CFS patient samples
and 3 out of 44 blood donor samples after the second round of
nested PCR similarly confirms that there are significant varia-
tions among the MLV-like gag gene sequences. Fig. S2 shows
sequence alignment .of the 380-nt segments of viral gag genes
amplified from three blood donors (BD22, BD26, and BD28),
patents with CFS types 1~3, XMRVs, and other closely related

- mERVs/polytropic MLVs. As an example, the viral gag gene

sequence identified in BD28, but not sequences of BD22 and
BD26, has a-prominerit 21-nt deletion that is uniquely present in
polytropic mERV ¢clone 51 (Fig. S2). In phylogenetic analysis,
the 380-nt segment of the gag gene sequence found in BD26
appears to be closely related to those of CFS.types 1 and 2.
However, similar to the analytic result with the: 746-nt product,
the 380-nt gag gene sequences of BD22 and BD28 again cannot
be included in-either the cluster of CFS type 1/CFS type 2 or the
cluster of XMRVs (Fig. 3B). On the other hand, when the protein

sequences coded by the gag gene sequences identified in the CFS

patients and blood donors are compared with  those of a wider
range of exogenous and endogenous MLV, they are most similar
to those of polytropic MLVs and XMRVs (Flg 83). A ClustalW
Gag protein tree again reveals that MLV-like virus gag proteins
have much more similarity to those of modified-polytropic and
polytropic mER Vs or to-those of XMRVs, but-are very dlfferent
from those of exogenous ecotropic MLVs (Fig. 4

The sequence -alignment and the phylogenetic analysxs of the

MLV-related virus env gene sequences obtained from both the
CFS patient and healthy blood donor revealed that they were also
more closely related to those of polytropic or modlﬁed polytropxc
MLVs than to those of XMRVs (Fig. $4).

Testing for the Presence of Mouse DNA in Patient and Blood Donor
Samples Positive for MLV-Like gag. Gene Sequentes Mouse DNA
contains endogenously many closely related proviruses of MLVs,
Hence, contamination of the blood samples or reagents by mouse
DNA could have prod\xced falsely positive PCR results. Although
we took great precautions.to prevent potential contamination in
the laboratory, and- -although multiple negative controls were al-
ways included in each assay, we took additional steps to confirm
that no mouse DNA had contaminated the assays or the clinical
samples’ prepared in this study. We estimated that there were
about 200-1,800 mitochondrial DNA (mtDNA) copies per mam-
malian cell. A highly sensitive PCR assay targeting mouse-specific
mtDNA ‘was developed (Materials and Methods) to exclude any
possuble minute mouse DNA contamination in the assay system and
in the clinical samples with positive amplified gag gene products.
‘The first round of the semi-nested PCR (40 cycles) used primer
set mt15982F/mt16267R and could detect 10 fg of mouse DNA in
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the presence of 35 ng of human background DNA. By compari-
son, when studied in paralle! under the same assay conditions, the
first round of nested PCR (40 cycles) against the MLV, gag gene
required ~10 pg of mouse DNA to detect viral gag gene sequerices
(Fig. 54). Thus, the first round of mouse-specific mtDNA PCR
assay could detect a positive mtDNA signal at a mouse DNA
concentration 1,000-fold below the concentration required to
detect a positive gag signal. The second round of mouse mtDNA
semi-nested PCR, using primer set mt16115F/mt16267R, could
consistently amplify the target 153-bp amplicon from 2.5 fg of
mouse DNA mixed with 35 ng of human DNA (Fig. 5B). By
comparison, the secand round of the nested gag gene PCR pro-
duced positive ~400-bp amplicons from 500 fg of mouse DNA
mixed with 35 ng of human background DNA in the Tteaction.
Thus, the second round of mouse mtDNA semi-nested PCR had
a sensitivity hundreds-fold higher than that of the second round [.1(
the MLV gag gene nested PCR in amplifying mouse DNA,

Using this. highly sensitive PCR assay for mouse-specng\
mtDNA, we examined all of the blood samples that were found
positive for MLV-like vitus gag gene sequences from both CFS
patients and healthy controls for evidence of mouse DNA con-
tamination. PBMC DNA- (3040 ng). from the CFS patients
and the healthy blood donots, as well as serial dilutions from 50
to 1 fg of mouse DNA mixed with 35 ng of human DNA as the

CPS-typet_t&members
SFS-typed_tmembors

mSRv:.N 11 (Mpmva)
mERV-CT {Mpmv 1)

MERV.CH¥.12 (Mpmv 1)
[ CFS-type3_t-member

$13.3(E}

PSRI(E)

Av_MR_mce (E)
MDY gy

-Fig. 4. Phylogenetic analysis of protein sequences based on the alignment

shown in Fig. $3. CFS types 1, 2,-and 3 and BD-22 and MLVs gag protein
sequences are compared. Gag protein sequences starting from the AUG
initiation codon are’aligned with those of relevant endogenous as well as
exogenous MLVs. Sequences of MLVs are referred to as polytropic (P), eco-
tropic {E), amphotropic {A), or modified polytropic (Mpmv). MoMLY, Molo-
ney murine leukemia virus; HEMV, hortulanus endogenous murlne virus,
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positive templates, were tested in parallel. No mouse DNA was
found in the PCR mix nor in the blood samples of CFS patients
and blood donors that tested positive for the MLV-like virus gag
-gene; sequences. Fig, 6 shows the results of the two rounds of

. mouse-specific mtDNA semi-nested PCR testing in DNA from -

PBMCs of four CFS patients (patients 8, 17, 20, and 25) with
positive 746-bp amplicons in the first round of the nested PCR
targeting the MLV-like virus gag gene, as well as from three
blood donors (BD22, BD26, and BD28) who tested positive and
two donors (BD21 and BD23) who tested negative for MLV-like
gag gene sequences.

Discussion

Detection of MLV-Related Nudeic Acid Sequences. Qur laboratory
detected MLV-related virus gag gene sequences in DNA from
PBMC and whole-blood samples from 32.of 37 (86.5%) CFS
patients, compared with 3 of 44 (6.8%) volunteer blood donors,
using a two-round nested PCR. Following only one round of PCR
amplification, 21 of the 41 CFS patients’ DNA samples were
found positive compared with only 1 of 44 donor samples. In every
instance throughout these studies, the “positive” result by PCR
(an amplicon of the predicted size) was confirmed by sequencing;

In four CFS patients from whom two samples were obtained,
2y apart, the gag gene sequences were detected on both occasions.
Further, gag gene sequences were still detectable in seven of eight
CFS patients from whom fresh samples were obtained ~15 y after
they were initially found to be MLV gag gene positive. In one gag-
positive CFS patient and one gag-positive blood donor, MLV-
related env gene sequences also were detected by PCR. However,
we were unable to PCR amplify and determine the MLV-related
env gene sequences in the majority CFS patients, possibly because
of the low copy number and the greater genetic variability in the
env gene compared with the gag gene. : .

In the CFS patients, plasma samples revealed ML V-related
virus gag gene sequences-in 42% when tested by RT-PCR for viral
RNA. Whereas all but one patient whose plasma tested positive
for viral RNA also tested positive in PBMCs for viral DNA, only

half of the cases in which MLV-related virus gag gene sequences -

were detected in PBMCs had detectable RNA sequences in
plasma. Thus, accurate determination of the prevalence of these
agents in patients and donors requires cellular DNA for analysis.

Sequence Variability. Previous reports of XMRYV isolates from
patients with CFS and with prostate cancer and from individuals
in different geographic locations have described very similar
nucleic acid sequences (3, 4, 12), a feature believed to be a unique
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DNA template. M: 100-bp DNA ladder mix. Primers and PCR
cycte numbers used in each round of amplification for both of
the assays are shown at the top of each gel.

Fig. 5. Comparison of sensitivity in amplifying mouse DNA by
the semi-nested PCR targeting mouse-specific mtDNA and by
the nested PCR targeting MLV-fike virus gag gene. Sefial dilu-
tions of mouse spleen DNA (from 40 pg to 2.5 fg) were spiked
into 35 ng of total human PBMC DNA and compared in parallel
for the mouse DNA detection sensitivity of the two PCR assays.
(A) In the first round of the mtDNA-specific PCR assay, 10 fg or
more of mouse DNA could be detécted in the presence of 35 ng
of human DNA by producing the 286-bp target product. In the'
first round of MLV gag gene nested PCR assay, 10 pg or more
of mouse DNA could be detected in the presence of 35 ng of
human DNA by producing the ~730-bp target product. (8) In
the second round of mouse-specific mtDNA sermi-nested PCR,
the 153-bp target icon could y be amplified

specific nested PCR, the 413-bp target product could be am-
plified from 0.5 pg or more of mouse DNA. Lane 0 fg: 35 ng of

-~

characteristic of XMRVs (13). However, our analysis revealed
three different types of ML V-related virus gag gene sequences in
CFS patients, In all three groups, the sequences were more closely
related to the sequences of polytropic mERVs than to XMRVs
and were more distant from the sequences of ecotropic MLVs
(Fig. 3). Moreover, viral gag gene sequences with significant var-
iations from both the cluster of CFS type 1/CFS type 2 and the
cluster of XMRVs were identified in at least two blood donors
(BD22 and BD28); phylogenetic analysis revealed the latter
sequences to be more closely related to those of polytropic or
xenotropic mERVs (Fig 3B). It is unclear whether the sequence
variations of the viral genes identified in the CFS patients and
healthy blood donors have any significance in viral pathogenesis
or disease development. - .

The MLV-like virus gag gene sequences in the CFS patients
and blood donors had a deletion of 9 nt in the 5’ gag leader

region and did not have the 24-nt deletion in this region reported -

in XMRVs. Internal deletions of 9 nt similar to what we have
identified in the CFS patients and the blood donors are known to
be present in the region that encodes the glycosylated Gag
protein (GlycoGag) in some infectious endogenous (ecotropic)
MLYVs and exogenous (xenotropic) MLVs, such as AKV and
DG-75 (14, 15). Many previous studies have shown that the
nonstructural GlycoGag of MLVs plays a critical role in viral
athogenesis and in vivo infectivity- (16-19).- In"this context, the
V-like virus gag gene sequences identified in most of our CFS
patients (both CFS type 1 and CFS type 2) appear to have an
intact GlycoGag in-frame with the matrix and are consistent with
the gene- sequences of infectious MLVs. Unfortunately, the
sequences presently obtained in the study are still a bit short and
lack the alternative start codon CUG. Slight extension of the 5
leader sequence.will be needed to confirm the intact nature
of GlycoGag. .

Could Our PCR Results Have Been Falsely Positive? Voisset and
coauthors (20) recently reviewed the pitfalls encountered in the
identification of new retroviruses (“rumor viruses”). False-positive
results can occur for a_variety of reasons. Viral gene sequence-
specific PCR primers can nonspecifically amplify nucleic acid
sequences that differ from the target sequence, For this reason, we
sequenced every positive PCR product (every amplicon of. the

- predicted size) and confirmed MLV-related gene sequences in.

every instance,

Although contamination must always be a concern for any
PCR-based study, several pieces of evidence argue against the
possibility that the PCR products identified in our study are the
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Fig. 6. Testing of CFS patients’ and healthy blood donors’ samples positive
for MLV-like gag gene sequences for the presence of mouse DNA contami-
nation using the semi-nested PCR assay targeting mouse-specific mtDNA,
Serial dilutions of mouse DNA were spiked into 35 ng of human DNA and
used as the controls of the assay sensitivity. The first round of mause mtONA
semi-nested PCR (A) detected 10 fg of mouse DNA, and the second round of
the semi-nested PCR (8) detected 2.5 fg of mouse DNA in the presence of 35
ng human. background DNA. No evidence of mouse DNA contamination
could be found by either round of mouse mtDNA semi-nested PCR in the
PBMC DNA (35 ng) of CFS patients (patients 8, 17, 20, and 25); three blood
donors (BD-22, BD-26, BD-28) tested positive and two blood doners {(BD-21
and BD-23) tested negative for the MLV-like virus gag gene sequences.
Healthy blood donors’ samples positive for MLV-like gag gene sequences are
fabeled by asterisks. Lane 0: 35 ng of human DNA without spiking any mouse
DNA. Lane H;0: No DNA template. M: 100-bp DNA ladder mix. ’

result of laboratory contamination. First, every clinical sample
that tested positive for the MLV-like virus gag gene sequences
was tested for evidence of mouse DNA contamination using
a semi-nested PCR for mouse-specific mtDNA that was expo-
nentially more sensitive in detecting mouse mtDNA than MLV-
related gag sequences (Fig. 5). Any detection of MLV gag that
was caused by contamination with mouse DNA also would have ,
detected mouse mtDNA by PCR, -thereby identifying the gag
result as falsely positive. In fact, no positive signal was detected
by the mtDNA semi-nested PCR assay in any of the reaction
mixtures or in the DNA of.clinical samples examited in the

_study, thus excluding possible contamination by mouse DNA.

Second, we addressed the possibility that the clinical samples
or_the assay system might have been contaminated. The blood
samples were obtained in clinical laboratories that never worked
with mice or retroviral vectors and were drawn through sterile
needles into vacuum tubes that remained unopened until testing.
The laboratory in which, PCR testing was performed also had
never worked with murine cells, tissues or serum samples, or MLV
vectors. Finally, because repeated entry into samples would in-
crease the chance of contamination, we emphasize that sample
vials from both patients and normal donors had never been en-
tered before our testing, ’

Third, there were at least six different MLV-related gag gene
sequences amplified from the blood samples of CFS patients and
blood donors. Typically, contamination would be manifest as the
same sequence in all or most samples. Moreover, the sequences
that we observed all had significant variations from the pre-

“viously reported exogenous MLVs or viral vectors. Furthermore,

during this study more than 300 negative controls set up for
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multiple PCR amplification assays targeting the MLV gag gene
were performed, and all were negative, R
Finally, a new set of blood samples was recently obtained from

" 8 of the original 25-patients followed in an academic medical

center. Testing of the repeat blood samples, ~15 y after the index
sample, showed that seven of eight patients examined ‘had de-
tectable MLV-gag "gene sequences. Significant variations of
MLV-like virus gag gene séquences amplified from the freshly
obtained blood samples were identified as would be expected in
retroviral infections, but not from contamination.

The ultimate proof of low-grade infection. by MLV-related
viruses in humans may rely on demonstrating the integration of
the viral genes into the human genome (20). The identification
of provirus integration sites will take more time and effort to
investigate, given that we estimate only one virus gene copy in
every 400-4,000 nucleated PBMCs. Also,. previous work with
XMRYV indicates that integration sites are quite variable (21)
and the same may be true for the polytropic mouse endogenous
retroviruses, which are predominant in this study.

Why Have Other Studies Come to Different Conclusions? Although
we find evidence of a broader group of MLV-related viruses,
rather than just XMRYV, in patients with CFS and healthy blood
donors, our results clearly support the central argument by
Lombardi et al. (3) that ML V-related viruses are associated with
CFS and are present in some blood donors. However, four recent
studies have failed to confirm the PCR results reported by Lom-
bardi (7-10). There are various possible explanations for this
disparity. As stated in the reports, there could be a difference in
the prevalence of these infectious agents in CFS patient pop-
ulations in different geographic areas, This argument is somewhat
less plausible since the publication of a recent negative study with
subjects from the United States (10). Nevertheless, the hetero-
geneity in gag gene sequences that we observed suggests that
geographic differences in different MLV-related viruses may be
considerable and could affect both the sensitivity and the specipg
ficity of molecular amplification using standard primer sets,
Indeed, it is possible that the PCR. primers used in various
studies may have different sensitivity in detecting-the diverse
group of MLV-related virus gag gene sequences that we found in
the clinical samples. The 5' gag leader sequence of previously

. described XMRVs represents the most divergent segment of the

XMRYV genome in comparison with the genomes of the other
MLVs (4). In particular, there is evidently a unique 15-nt deletion
in the 5’ gag leader region in all of the XMRVs previously iden-
tified in patients with prostate cancer and CFS (3, 4). To detect
XMRVs in human samples with better sensitivity and specificity,
some studics used a PCR primer spanning this unique deletion .
as the “XMRV-specific” primer (6). However, none of the viral
gag gene sequences amplified from the blood samples of CFS
patients and blood donors in our study has this particular deletion .
(Fig, S1). As a consequence, such primers might have been in-
sensitive in detecting the MLV related gag genc sequences that we
have identified. :

Finally, it is also quite possible that there is heterogeneity in the
patients diagnosed with CFS in different studies. CFS is a syn-
drome defined exclusively by a group of nonspecific symptoms and
thus has an ill-defined phenotype. Future studies should adhere to
consensus case definitions such as that developed by the Centers
for Disease Control and Prevention (CDC) (1). Conversely, pu-
tative “healthy” control subjects should explicitly deny the pres-
ence of those symptoms that constitute the case definition of CFS,
Furthermore, even bona fide cases of CFS may have different viral
or other etiologies. ’

Further Considerations, The finding of XMRYV or MLV sequences in
persons-with CFS or other diseases does not constitute definitive
proof of viral infection. However, in the study of Lombardi et al. (3).
and studies reviewed subsequently by Silverman et al. (22) the ev-
idence for XMRYV infection in humans not only involved detection
of viral nucleic acids using PCR, but also reported the detection of
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viral antlgens, detection of anti-viral antibodies, the ability to cul-
ture the virus in a prostate cancer cell line, the detection of gamma
retrovirus particles by electron microscopy, and transmission of
infection to macaques. In sum, none of the four studies that have
failed to confirm the PCR evidence reported by Lombardi et al. (3),
nor our own study, hias attempted to fully replicate that study.

It remains to be shown that the association that we have found,

" using the methods that we have described, can be generalized to
a larger group of patients with CFS. Indeed we suspect that the
association will be lower in CFS cases identified through com-
munity-based surveys, as contrasted to cases seen at academic
medical centers. Even if subsequent studies confirm an associa-
tion between MLV-like viruses and CFS, that will not establish
a causal role for these viruses in the pathogenesm of this illness.
For example, such a high frequency of infections with MLV-
related viruses in patients with CFS could reflect an increased
susceptibility to-viral infections due to an underlying CFS-related
immune dysfunction, rather than a primary role for these viruses
in the pathogenesis of CFS.

Finally, the finding of MLV~re1ated virus gag gene sequences
in nearly 7% of healthy volunteer blood donors in our study and
of XMRYV in 3.7% of healthy controls in the study of Lombardi
et al. (3) raises additional issues. The possibility that.these agents
might be blood-transmitted "and pathogenic in blood recipients
warrants extensive research investigations of appropriately linked
‘donor-recipient cohorts.

Materials and Methods

Samples from CFS Patients and Healthy Contrals. Initially, we tested 41 whole-
blood samples that had been obtained for culture isolation of -mycopiasmal
agents In the mid-1990s, We maintained whole-blood, PBMC, and plasma

samples from CFS patients in frozen storage at —80 °C. Of the 41 patient’

samples, 28 were collected from 25 patients by one of us (ALK.) at the
Chronic Fatigue Research Center, Brigham and Women‘s Hospital (Boston,
MA). Four of.the CFS patients also had blood obtained on a second occasion
~2 y later. Most of the patients were from the New England area; none were
related, and virtually none had any regular social contact, Each of the 25
patients was systematically evaluated with a standardized history (supple-
manted by a patient questionnaire), physical examination, and battery of
laboratory tests, Each met the 1988 CDC criteria for CFS, and 21 also met the
1994 CDC criteria, The average age of the patients at the time of ven-
epuncture was 44.4 y; 4 were male and 21 were female. All of the patients
signed informed consent documents approved by the institutional Review
Board of Brigham and Women'’s Hospita!. A new set of blood samples was
“obtained in 2010 from 8 of the original 25 patients followed in the academic
medical center. The blood samples were processed for PCR study without
first being frozen, The other 12 samples from CFS patients were sent by
Individual clinicians taking care of patients In the mid-1930s who were given
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the diagnosis of CFS. We do not have detalls regarding the methodology by

which the referring clinicians established the diagnosis of CFS. The samples

-had also been sent in the mid-1990s and stored at —80 *C. Frozen PBMC

samples from 44 normal blood donors from the Washington, DC, area were
collected in 2003-2006 and stored at the Department of Transfusion Medi-
cine, Clinical Center, National institutes of Health, All patient and tontrol
samples were coded and tested in parallel, Details of the preparation of blood
samples and DNA/RNA isolation are described in S Materials and Methods.

XMRV/MLV gag Nested PCR. The nested PCR for the gag gene was performed
according to the protocols described previously (3, 4) with minor mod-
ifications. Three primer sets used.in the study are as follows; 419F and 1154R
(3), GAG-I-F and GAG-I-R (4), NP116 forward, and NP117 reverse, The NP116/
NP117 was anh in-house=designed primer set based on the highly conserved
sequences found in different MLV-like viruses and XMRVs (Fig. 51). Primer
sequences and details of PCR sensitivity and specificity quality controls can
be found in 51 Materials and Methods.

Phylagenetic Analysis. To g the neighbor-joining phylog ic tree,
the viral gag gene sequences obtained from blood samples of patients with

. CFS, normal blood donors, as well as all of the closely related MLV gag gene

sequences selected from the National Center for Biotechnology Information
{NCBI) database by BLAST guerying with the gag gene sequences obtained
in the PCR study (S/ Materials and Methods) were aligned with ClustalW2
(http/pvww.ebi.ac.uk/toots/clustalw2) using default settings. The analysis
produced the same phylogenetic trees with or without consideration of the
sequence gaps in alignment.

Mouse Mitochondrial DNA Assay. The complete mtDNA sequences of humans
and mice were downloaded from GenBank. and aligned using Clustalw.
Sequence alignment revealed the 439 bp of the 3’ end of mouse miDNA
(beyond 15,862 bp, according to the coordinates of BALB/C mouse; accession
no, AJ512208) were not present in human mtDNA. - Primer sets' were
designed for a semi-nested, mouse-specific MDNA PCR based on the se-
quence In this region of mouse MtDNA using Primer-Blast from NCBI. The
external PCR primers (S! Materials and Methods) were designated as mt15982F
and mt16267R, which would produce a predicted amplicon of 286 bp. The
internal primers of the semi-nested PCR were designated as mt16115F and
mt16267R, which would produce a predicted amplicon of 153 bp from mouse
mMtDNA. PCR systeim and setup were the same as for the gag gene-nested PCR
study. However, PCR conditions were slightly different: 4 min at 94 °C; (30 s at
94°C, 30's at 55 °C, 1 min at 72 °C) x 40-45 cycles; 10 min 3t 72 °C.
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A xenotropic murine leukemia virus-related virus (XMRV)
has recently been reported in association with prostate cancer
and chronic fatigue syndrome, with a prevalence of up to
3.7% in the healthy population. We looked for XMRV in 230
patients with human immunodeficiency virus type 1 or hep-

scribed in prostate tumor samples from the United States {1,
2], but the virus could not be detected in a subsequent survey
of 589 German patients with-prostate cancer [4]. Two other
surveys in Europe [5] and in Ireland {6] also failed to find the
virus. The reason for the discrepancy is not clear. More recently,
XMRV was detected in 67% of patients with chronic fatigue
syndrome in the United States (3], however 4 additional studies
examining cases of chronic fatigue syndrome diagnosed in Eu-
rope and the United States identified no cases of XMRYV in-
fection [7-10).

In one of these, Groom et al [8] also looked for neutralizing
antibodies to XMRV and found that ~1% of serum samples
tested had evidence of neutralization that could not be dis-
missed as nonspecific binding. These and ‘other data suggest
the prevalence of XMRV' in the héalthy population may lie

“between 1% and 3.7% (3, 8]. This has potential implications

atitis C infection. XMRV was undetectable in plasma or pe- .

ripheral blood mononuclear cells by polymerase chain re-
action targeting XMRV gag or env, T cell responises to XMRV
Gag were undetectable in peripheral blood mononuclear cells
by ex vivo gamma interferon enzyme-linked immunospot
assay, In our cohorts, XMRV was not enriched in patients
‘with blood-borne or sexually transmitted infections from the
United Kingdom and Westem Europe.

Xenotropic muriné leukemia virus-related virus (XMRV) is a
gammaretrovirus which has been linked with prostate cancer
[l, 2] and chronic ﬁﬁgu_e syndrome (3]. XMRV was first de-
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for blood transfusion recipients and is currently under inves-
tigation by the Centers for Disease Control and Prevention'and
the Department of Health anid Human Services in the United
States.

The route of transmission of XMRV has not been elucidated. '

We identified individuals who were at high risk for either sex-
vally transmitted or blood-borne infections, according to
whether they were infected with human immunodeficiency vi-
rus type 1 (HIV-1) or hepatitis C, We tested plasma and pe-
ripheral blood mononuclear cells (PBMCs) to reveal whether
these patients were at increased risk of XMRV infection,

Methods. Two cohorts of HIV-1-infected individuals were

tested for XMRV, 1 for patients with acute and 1 for those with
chronic HIV-1 infection-(Table 1). The cohort of patients with
chronic infection included Swiss participants from the Swiss-
Spanish Intermittent Therapy Trial, described elsewhere [11].
All patients were not receiving therapy at the time of sampling

. and had received a median duration of 26 months (range, 8.5~

44.5 months) “of highly active antiretroviral: therapy at study
entry, The median time not receiving' therapy for the cohort
was 14 months (range, 3-19 months). The second HIV-i-
infected group of patiénts were recruited from a study of acute
HIV-1 infection at St. Mary’s Hospital, London [12], Plasma
samples were obtained from these individuals prior to receipt
of antiretrovirals. For both cohorts, plasma samples and PBMCs
were stored in —80°C freezers and liquid nitrogen, respecu‘vely,
for up to 6 years,

The cohort of hepatxth C-positive individuals was recruited
from the John Radcliffe hospital, Oxford, United Kingdom
(Table 1). All patients had chronic infection and were treatment.

1482 » JID 2010:302 (15 November) + BRIEF REPORT

20

99



Table 1. - Patient Cohort Characteristics

Patient cohort

Chronlc HIv-1 mfecnon -Acute HIV-1 infection®  HCV infection

Characteristic n = 133) n =101 (n = 67)
Sex; ratic mala:female “92:41 T 7)) S AT e
Age, median vears (range) 40 (22-68) . 31120-67) - 50 (29-81)
Availablé for testing -’ e g TR e ey
CD4 count pretherapy, median calls/uL (range) 359 (1-1035) 510 {90-1480) .
Viral RNA fretherapy; fedian log,, copies/mL (range) .. - - 4:41 (2.23-6:11) " . 4.95.(1.90°5.95)"
‘Antiretroviral therapy ! .
Received.dual therapy . a I [ IR o0 S
Received triple therapy 123 D I .

Roiite: of acuisition of risk:factor
oMM
. Heterosexial™
VDU
/" Blood transfusion.. .
Other®

so8 ssem

60-(45)° " - 20 e e
2307 o 51 (76)
S B R [
9 (13)

NOTE. Dats are no. or no. (%) of petients, uniess otherwise indicated. MCV, hepatitis C virus; HiV-1; human immunodeficiency virus type

7 IVDU, intravenous drug user; MSM, men who have sex with men.

® Patients with chronic HIV-1 infection were from the Swiss-Spanish Intermittent Therapy Trial cohort, and those with acute HIV1 infection

were frorn St Mary's Hospnal acute HIV-1 cohort.

® Other includas tattods (6. acupuncture (1), blood product rec\p\em (31, and vaccination {1).. Threg patients in the HCV cohort had >9 risk

factor.

naive. Enzyme-linked immunospot (ELISPOT) assays were per-
formed using cryopreserved PBMCs (n = 12) or whole blood
(n = 2), when they were performed fresh, For the 67 poly-
merase chain xeactions (PCR}, DNA was extracted from cryo-
preserved PBMCs (n = 11), fresh PBMCs (n = 20), or whole
blood (n = 36). All pan’ents gave informed consent for en-
rollment in their respective studies, according to the relévant
ethics committees,

DNA was extracted from 3 X 10° to 5 % 10° PBMCs or whole

blood (Puregene DNA extraction kit), and 200-800 ng were
used in each PCR reaction. Patient plasma samples (1. mL)
underwent ultracentrifugation at 21,185 g at 4°C for 1 h and
was resuspended in 140 pL of plasma. Viral RNA was extracted
. (Qiagen viral RNA extraction kit) and converted to comple-

- mentary DNA (cDNA) with use of random decamers and Su- -

_perscript 1 reverse transcriptasé (Invitrogen). When amplifying

genomic DNA, a house-keeping gene (hGAPDH) was incor-

porated. For each run, 2 negative water controls and a separate
positive control XMRV DNA were included (XMRV plasmid
VP-62, a generous gift from Dr.Robert Silverman), of which
PCR reactions were able to detect at least 5 plasmid copies,
determined by absorbance measurements at 260 nm.

To amplify XMRV, we targeted the gag and env genes with
use of nested PCR reactions described elsewhere [1, 3). For the
gag PCR, we used 2 uL of DNA or ¢DNA template, 5uL of
10X ‘reaction buffer (Invitrogen), 1 uL of 50 mmol/L MgClL,,
1 L of 10 mmol/L-dNTPs, 0.75 uL of 20 yimol/L primer GAG-
O-F (5-CGCGTCTGATTTGTTTTGTT-3),.0.75 uL of 20

pmol/L primer GAG-O-R (§-CCGCCTCTTCTTCATTGTTC-
3), 0.2 gL of Platinum Taq (Invitrogen), and water to make

up a 50-uL final volume. Conditions were incubation at 95°C .

for 4 min, followed by 35 cyclés of 94°C for 30 s, 52°C for 30
s, and 72°C for 45 5, and a final incubation of 72°C for 7 min.
From this first-round reaction, 3 ul were used in a nested
second round with use of 5 uL of 10X reaction buffer (Invi-

trogen), 1.5 4L of 50 mmol/L MgCl,, 1 uL of 10 mmol/L ANTPs, )

0.75 uL of Zmebl/L primer GAG-I-F (5-TCTCGAGATCATG-
GGACAGA-3), 0.75 ul of 20 pmol/L primer GAG-1-R (5'-
AGAGGGTAAGGGCAGGGTAA-3), 0.2 uL- of Platinum Taq
v (Invitrogen), and water to make up a 50-uL reaction volume.
Conditions for the second round were an incubation-at 95°C
for 4 min, followed by 35 cycles of 94°C for 30 s, 54°C for 30

- The resulting fragment was 413 bp in size. For the GAPDH
PCR reaction, the primers used were HGAPDH-F (5~GAAGG-
TGAAGGTCGGAGTC-3') and HGAPDH-R (5-GAAGATGG-
TGATGGGATTTC-3), with the same reacuon conditions as
the first round Gag PCR.

The env PCR reaction included 2 uL of DNA or ¢cDNA
template, 5 uL of 10X reaction buffer (Invitrogen), 1 uL of 50

mmol/L MgCl,, 1 uL 10 mmol/L dNTPs, 0.75 pL of 20 pmol/

L primer 5922F (5-GCTAATGCTACCTCCCTCCTGG-3),
0.75 uL of 20 pmol/L primer 6273R (5-GGAGCCCACTGAG-
GAATCAAAACAGG-3"), 0.2uL Platinum Taq (Invitrogen), and
water to make up a 50-uL reaction volume, Reaction conditions
were an incubation at 95°C for 4 min, followed by 45 cycles
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s, and .72°C for 45 s, and a final incubation of 72°C for 7 min..

Table 2.. Assay Results for the. Identification of Xenotropic Murine Leukamla Vuus—ReIalad

Virus (XMRV)
No. of No. of
Cohort,?® assay Disease stage Sample samples tested - positive results
HiVAT infection T o
Gag PCR Chionic DNA 84 0
: : Chronic CUDNAL 84 0
Acute RNA C 79 0
S ACUte SoRNRL e G0
. Acute PBMCs 49 o
Chronic DNA . AN
| PCH: Jrhein - Chonie TONATE e e g
ELISPOT R Chronic PBMCs 14 ’ ¢}

NOTE HIV-1, human xmmunodsilclency virug type 1; PBMC, peripheral blood mononuclear oel! PCR poly-

merass chain reaction, RTPCR, reverse wranscription PCR. °

- Patients with chronic HIV-1 infection wers from the Swiss. Spsnlsh Intermittent Therapy Trial cohort, patients
‘with gcute HiIV-1 infection were from St Mary’s Hospital acute HIV-1 sohon and patisnts with chronlc HCV were

from the John Radcliffs Hospital viral hepatitis clinic.

of 94°C for 30's, 57°C for 30 s, and 72°C for 45 s, and then 2
fina] incubation of 72°C for 7' min. From this first-round re-
action, 3-uL were used in a nested second round reaction with
the following conditions: 5 pL of 10X reaction buffer (Invi-
trogen), 1.5 uL of 50 mmol/L MgClL,; 1L of 10 mmol/L dNTPs,
0.75 uL of 20 pmol/L primer 5942F (5-GGGGACGATGACAG-
ACACTTTCC-3), 0.75 uL- of 20 wmol/L primer 6200R (5~
CCCATGATGATGATGGCTT CCAGTATGC:¥ ), 0.2 uL Plat-
inum Tag.(Invitrogen), and water to make up a 50-xL reaction
volume, Conditions for the second round were an initial in-
cubation at 95°C for 4 min, followed by 35 cycles of 94°C for
30 s, 57°C for 30 s, and 72°C for 45 s, and a final incubation
of 72°C for 7 min, The resulting fragment was 259 bp in size.
Reactions were- performed under strict conditions to avoid
contarnination. Master mix reagents were prepared in DNA-

free areas in hoods subject to UV decontamination. DNA tém-

plates were prepared and added to the reaction in separate
hoods. PCR prodicts were run on 1% agarose gels stained with

ethidium bromide in 4 third area, away from PCR machines -

and hoods.

For exvivo T cell ELISPOT .assays, 96-well plates were coated
with anti-interferon-y immunoglobulin G, to which peptide
pools and between 100,000 and 200,000 PBMCs were added,
in duplicate. After incubation, biotinylated interferon-vy anti-
body was added. Following addition of a streptavidin-labelled
chromogen, the number of reactive cells was counted. Sixty-
six overlapping peptides covering the XMRV Gag protein were
synthesized as 18-mer peptides, overlapping by 10 amino acids
and tested in pools containing 11 peptides {final concentration,
2 pg/mL of each peptide). Assay results were considered to be
positive if the mean number of spot-forming units in the test
wells was greater then the mean plus 3 times the standard

deviation of the negative control well spot-forming units. As-

says with high background (>10 spots/well) in the negative
control wells were excluded.

Results and discussion. . We tested DNA extracted from
PBMCs from 84 patients who were chronically infected: with
HIV:1, For all patients, the PCR for hGAPDH was positive,
confirming the presence of amplifiable DNA. We detected no
XMRV DNA by either the env or gag PCR reactions from
patient samples (Table 2), whereas in all reactions, 2 positive
controls containing ~5 and ~50 copies of XMRV, respectively,
amplified successfully; We tested plasma . from 79 drug-najve
individuals recently infected with. HIV-1 by reverse transcrip-
tion PCR, No patient samples were positive for XMRV gag or

100.

env RNA (Table 2). Genomic DNA extracted from the blood

of 67 patients with hepatitis C virus (HCV) infection was tested
for the presence of XMRV gag and' env viral DNA. Positive
XMRYV controls and the hGAPDH house-keeping gene ampli-
fied successfully, but no samples were positive for XMRV (Table
2). In summary; of 230 patien‘ts tested, 0.(95% confidence in-
terval, 0%-1,3%) had positive results by PCR for either XMRV
ery or gag.

Following the absence of positive results with PCR, we de-
veloped a novel ex vivo ELISPOT assay to identify T cell re-
-sponses in PBMCs to the XMRV Gag protein. T cell ELISPOT
assays are a sensitive tool for detecting immune responses to
infecting pathogens and have become a routine component 6f
¢linical diagnostics, for example,.to screen for latent' Mycobac:

terium tuberculosis infection. The PBMCs tested iff an ELISPOT -

assay can either be ex vivo or “cultured.” We chose ‘the ex Vivo
approach because it is both sensitive and specific' for the de-

tection of effector T cell responses to active infections with,
" fetroviruses and other pathogens, whereas cultured ELISPOT

assays are more appropriate for detecting rare or weak non-

infective memory responses, for example, those induced by
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vaccines. Here, we used T cell ELISPOT assays with use of 18
;nﬁrio acid overlapping peptides from XMRV Gag to look for
evidence of XMRV infection in PBMCs from 49 patients with
acute HIV-1 infection and 14 patients with HCV infection, We
targeted thé XMRV Gag gene, as in other retroviral infections,
the Gag protein is highly expressed and is recognized by T cells
[13]. In the original report of XMRYV in patients with chronic
fatigue syndrame, XMRV Gag was detectable by Western blot
in lysates of patient PBMCs [3}. We found no positive responses
in-the 63 patients studied, giving an estimated. prevalence of
0% (1-sided 95% confidence interval, 0%-4.7%), providing no
evidence of enrichment-for XMRYV infection in this cohort, As
‘controls, PBMCs were tested with phytohemaglutinin and FEC
(influenza, Epstein-Barr virus, and human cytomegalovirus)
antigens, Peptides that are 18 amino acids long will bind to
both human leukocyte antigen class I and class I1, and the assay
is designed to detect both cytotoxic T cell (CD8) and T helper
cell responses (CD4), Although widely used to detect T cells

" evidence that XMRV is not enriched in patients who.are at risk

targeting retroviral peptides, this is the first time ELISPOT.

assays have been applied for the detection of responses to
XMRY, and the result must be interpreted in the context of
the lack of PCR-positive samples to act as positive controls.
However, patient cells were responsive to othér antigens, such
as phytohemaglutinin or FEC, suggesting that the lack of re-
sponses simply reflects an absence of XMRV™ Gag-specific T
cells in our ¢ohort.

The identification of a previousiy unreported retrovirus in .

the human population may have profound implications, The
2 classes of known human retroviruses (HIV-1 and human T-
‘lymphotropic virus) are pathogenic, and murine leukemia virus
gene therapy vectors have caused insertional mutagenesis in
children treated for X-linked immunodeficiency [14]. In our
- cohorts of patients with HIV-1 or HCV.infection, we found
no evidence of XMRYV infection in blood, consistent with-some
of the studies on chroriic fatigue syndrome [7-9]. XMRV DNA
has been-found within malignant prostate tissue, and XMRV
can be cultured in a prostate cancer cell line, LNCaP. In vitro

studies show that XMRV has an affinity -for prostate cancer -

cells ‘but is much less infectious for other cell types [15]. We

are not aware of any studies in which the PBMCs of patients

with XMRV-positive prostate cells have also been tested. It is

therefore possible that in a compartmentalized infection,

XMRV may not be repr'esen‘ted in blood, and our data must
" be interpreted in this light. However, because all the studies of

patients with chronic fatigue syndrome have used PBMCs, this
- s the context in which our study was set.

We hypothesized that if XMRV is ‘present in the United
Kingdom or Switzerland and is spread by either sexual or
blood-borne routes, we might expect to see it enriched in the
blood of patients with HIV-1 or HCV infection. We did not
detect XMRV in any patients. Together, the results of PCR
"reactions for 230 patients and the paired ELISPOT assays. are

~

)

of blood-bome and sexually transmitted infections in the
United Kingdom and Western Europe.
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Francisco M. Marty,'* Nine H. Lin,** Paul Graziaso,

Danielle M. Crochiere,’ Daniel Eggers,’ Daniel R. Kuritzkes,'
and Athe M. N, Tsibris'*

Divisions of "Infectious Diseases and *Allergy, Immunology, and Rheumatology,
Brigham and Women's Hospital, *Oivision of Infectious Diseases, Massachusetts
General Hospital, ‘Harvard Medical School, Ragon Institute of Massachussits
General Hospital, M Institute of Technol
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(Sen the article by Danielson ot al, on p‘upcs 1470-1477, the brief report
by Barnes ot al, on pages 14821485, and the editorial commentary hv
Kearney and Maldarelli, on pages 1463-1466.)

We_investigated the prevalence of xenotropic murine leu-

‘kemia virus-related virus (XMRV) among 293 participants

seen at academic hospitals in Boston, Massachusetts. Partic-
ipants were recruited from the following 5 groups of pati¢nts:
chronic fatighe syndrome (n = 32), human immunodefi-
ciency virus infection (n = 43), rhewmatoid arthritis (n =
97), - hematopoietic. stem—cell “or solid organ transplant
(n=.26),0ra I cohort of pati ing for med-
ical care (n = 95). XMRV DNA was not detected in any par-
ticipant samples, We found no association between XMRV
and patients with chronic fatigue syndrome or chronic im-
munomodulatory conditions,

Murine and hurmnan'xenotropic viruses were first described >30
years ago [1].- The xenotropic murine leukémia virus-related
virus (XMRV) was discovered in.prostate tissue from patients
with prostate cancer who were homozygous for a reduced-ac-
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tivity variant of RNase L [i—41. RNase L gene abnormalities
have been described in patients with ¢hronic fatigue syndrome
(CES) [5], although these findings have ot been verified in a
more recent investigation [6].

A recent study in the United States found evidence of in-

tegrated XMRV DNA in 67% of subjects with CFS, compared

and Harvard University,

with 3.7% of healthy controls [7] . Three subsequent CFS studies
in European cohorts have not demonstrated the presence of
XMRV DNA in subjects with CFS or healthy controls [8~10).
The explanation for these contrasting results is unknown:

We designed a cross-sectional cohort study to determine
XMRV prevalence in-a variety of North American clinic pop-
ulations, including healthy subjects, participéms with CFS, and
participants with states of chronic immune activation or sup-
pression. We incorporated 3 different polymerase chain reaction
(PCR) primer sets from other XMRV studles into our testing

strategy to determine whether differences exxsted in their ability

to amplify XMRV .DNA,

Methods. Samples were obtained from adult patients pre-
seﬁn’ng to outpatient clinics, or from preexisting repositories
and cohorts at Brigham and Women’s Hospital, Massachusetts
General Hospital, and Dana-Farber Cancer Institute, Partici-

*pants prospectively enrolled had a prior diagnosis of human’

immunodeficienicy virus (HIV) infection, hemalbpcfelic stem-
cell or solid organ transplant, or CFS. This study was powered
to detect XMRV prevalence with an upper conﬂdence limit of

.1.2% for the combined ¢ohorts.

General Hospital, 65 Landsdowne St, Rm 422, Cambridge, MA 02139 {atsibris@partnars.org).
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All CFS participants enrolled met the Centers for Disease -

Control and Prevention revised CFS. case definition (http:/!
www.cde.gov/cfs/cfsdiagnosis.htm). CFS participants had 10
mL of whole blood collected for peripheral blood mononuclear
cell (PBMC) isolation and XMRV PCR testing and completed
a questionnaire. Demographic and clinical information were
obtained from chart review, Cryopreserved PBMCs and clinical
information were obtained from HIV-infected patients from
the .International HIV Controllers Study {11-12]. Cryopre-

served PBMC DNA and démographic_ data for rheumatoid ar- -

thritis participants ‘and an’ age- and sex-matched cohort of
participants who had presented for either inpatient or outpa-
tient clinical care were obtained from the Crimson Biospecimen'
Core [13]. This study was approved by the relevant Institutional
Review. Boards.

For XMRV PCR amplification, human DNA was extracted
from at least 5 X 10° PBMCs (Qiagen). PCR reaction condi-
tions and primer sets are-described in Table 1. First-round
PCR amphﬁmtxons were performed with 1 unit of Platinum

1478 » JID 2010:202 (15 November) * BRIEF REPORT

.24

101



Tahte 1.
Polymerase Chain Reaction (PCR) Conditions

Xanutropm Murine Levkemia Vtms-Remed Vinus (XMRV) and Human 8-Globin (hBG) Dligonucleotide Primers and

Reaction, primer . Sequence Location® PCR conditions
XMRV outer s i - :
Forward outer [7] 5-ATCAGTTAACCTACCCGAGTCGGAC-3 424-448 94°C X 2 min; 40 cycles: 94°C x 30 s,
R ¢ B7°C X 30, 68°C X 60 s; 68°C X 5 min
. Réverse outer [7] 5.6CCGCCTETICTTCATIGTTCTCS' 11541132 Bt WAL
XMRV inner no, 1 o o ’
Forward inner no..1 (8 ‘6-GACTTTTTGGAGTGGCTITGT-3' . | 446-466' ' 94°C X 2 min; 30 tycles: 94°C. %30 5,
L . T T B Coll L TBB°C  30 s, 6896 X 30 ; 68°C:x 5.min ~
Reverse inner.no. 1 (8] S“ACAGAAGAACAACAAAACAAATC.3" . §71-549
XMRYV inhér no. 2 . SR , L i
Forward inner no. 2 [4) 5. TCTCGAGATCATGGGACAGA-3' 603-622 94°C-x 2 min; 30 cycles: 94°C X 30 s,
: ) 60°C X 30 s, 68°C X 30 5; 68°CX 5 min
- Reveise inner no.;2'14] 5-AGAGGGTAAGGGCAGGGTAAS,. -~ 1015.996 R o
hBG o o ‘
Forward '5’-TGGTGGTCTACCC’!_TGGACC-3’v s 1482182 94°C X 2°min; 40 cycles' 94°C:x 30 s
L : s g s e 55°C><305, B'CXSOS 68°C X2 min
-~ Reverse ~GAGGTTGTCCAGGTGAGCCA-3' 296-277

* Locations in XMRV isolate VP62 (GenBank accession na. DQ389707) and hBG (GenBank accesslon no. NM000158 4) ganes. XMRY gagvpro-pol .

gene starts 8t nucleotide location 613,

Taq DNA Polymerase High Fidelity (Invitrogen), 80200 ng of
PBMC DNA, and 200 nmol/L of the outer primers described
- by Lombardi et al (outer primer set) [7). Nested PCRs were
performed with first-round PCR product and 200 nmol/L of
the inner primers described by either Erlwein et al (inner primer
set.1) [8) or Urisman et al (inner primer set 2)-[4). PBMC
DNA from participant $6 was retested using an additional cryo-
preserved DNA aliquot, the original Platinum Taq HF Poly-
merase reagents, and USB Tag Polymerasé (Affymetrix).
Each PCR amplification run included a negative control and
positive controls of 10, iOO, and 1000 copies of full-length
-XMRYV (isolate VP62), generously provided by Robert H. Sil-
verman (Cleveland Clinic). To test the efficiency of DNA ex-
traction and PCR amplification, increasing amounts of XMRV
plasmid, starting at 1 copy, were added to 200 ng of PBMC

. DNA and to PBMCs priot to DNA éxtraction. Nested PCR’

amplification for each experiment was performed in triplicate
for each primer set. To verify DNA integrity, human B-globin
was amplified from each participant sample with a single-round

PCR reaction that used the outer human 8-globin primer set

described by Erlwein et al [8]. All but 1 sample, from a general
clinic participant, demonstrated B-globin amplification. This

ally sequenced {ABI 3730 automated DNA sequencer, Ap-
plied onsystems) .

x* testing with continuity coxjrectxon was used to compare
intergroup variation between nonparametric variables. Fisher’s
exact tests were used if expected counts were <5. One-way

analysis of variance testing was performed to define intergroup .-

comparisons of continuous variables; a Bonferonni correction
was used in. pair-wise tests of individual hypotheses (SPSS,
version- 10; SPSS). To estimate the probability of detecting
XMRV in CFS participants on the basis of sample sizé, the
Blyth-Still-Casella 95% &xact confidence lntervals for disease
prevalence were calculated, .
Results, PBMC samples from 293 pammpants were tested
for the presence of XMRV DNA (Table 2). Thirty-two subjects
who had previously received a CFS diagnosis and 26 patients
who had undergone either hematopoietic stem-cell or solid
organ transplant from participating outpatient hospital clinics
were prospectively entolled. Samples from 43 HIV-infected sub-
jects were included, either from an existing sample cohort or
enrolled prospectively from the Brigham and Women’s Hospital

‘infectious disease clinic. Twenty-two of the HIV-infected pa-

sample was excluded from our analysis. Laboratory personnel -

who performed PCR amplification were blinded to the 1den-
tity of each sample.

For XMRV c]omng and scqﬁence analysis, DNA bands
near the length of interest' were purified with the QIAquick
Gel Extraction kit (Qiégen). These amplicons were cloned in-
to 'a pCR4-TOPO vector (Invitrogen) and were bidirection-

tients (51%) were virologically suppressed and receiving anti-
retroviral therapy; the remainder were chronically.infected per-
sons who were not receiving treatment. We tested 97 samples
from patients with rheumatoid arthritis and 96 samples from
age- and sex-miatched controls obtained from the Crimson
Biospecimen Core.

Participants with rheumatoid arthritis and those from the
age- and sex-matched general clinic/hospital cohort had the
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Table 2. Demographic Ch istics of S d Participant Cohorts
Cohort
’ : : RA-matched Alt
Characteristic CFS RV SOT/HCT RA  hospital controf® subjects
No. of-peitidpants - g2 T Ag 288 T ey e Taeghy
Age, median years 46 46 .56 . 66 62 g .
9. (%):of participants, ", . 21(66.6) . '8 (18.61 1124620 ©83(85.:6) - 848841 7, 201 ¢
NOTE. CFS chronic fatigue sy ; HCT, herr ietic stem-cell ’ HIV, humar i y virus; SOT, solid organ

transplant. .
inpatient or

N DNA obtained from di

i

samples, age- and sex-matched. with the RA cohort,

Twentv ~two subjects currently receiving and 21 subjects hot receiving antiretrovirel therapy. .
- © Three HCT, t1 kidney, 2 lung, 2 hear, 7 liver, ang 1 liver and kidney transplants. One liver transplant patient also had concurrent

HIV infection.

highest percentage of women (>80%) within each group. The
majority of CFS participants were women (66%), whereis the
HIV-infected and hematopoietic stem-cell transplantation or
organ transplantation cohorts contained fewer women (19%
and 46%, respectively; significant intergroup difference, com-
pared with CFS cohort; P<.001). Mean CD4™ T lymphocyte
counts for HIV-infected participants receiving or not receiving
antirétroviral therapy were similar (566 and 554 cells/uL, re-
spectively; P = .89); 95.5% of participants receiving antiret-
roviral therapy had plasma HIV RNA levels <50 copies/mL. A
majoﬁt); of transplant patients had undergone solid organ
transplantation, including 11 kidrey, 7 liver; 2 lung, 2 heart,
and I liver/kidney transpl One liver transplant recipient
had underlying treated HIV infection. Thé remaining 3 trans-

_ plant participants had undergone allogeneic hematopoietic

stern-cell transplantation. .

A majority of patticipants with CF$ had daily symptoms
(75.9%), stopped work as a direct result of CFS symptoms
(69%), -or experienced fever, lymphadenopathy, or swollen
glands at the start of-their ‘illness (75%); 20.7% of partici-
pants had household contacts with similar symptoms oradi-

agnosis of CFS, and 7%"noted 2 tick bite just prior to onset

of their symptoms, The mesn reported durauon of symptoms

“for the CFS participants was 11.6 years,

With PCR.analysis, we could reliably detect 10 copies of
XMRV per 200 ngof PBMC DNA when control XMRV plasmid
was added to PBMC aliquots either before or after DNA ex-
traction. We were able to. detect 1 copy of XMRV DNA in 2
of 3 assays when the VP62 plasmid was added to extracted
PBMC DNA aliquots, a result consistent with.the Poisson dis-

tribution. With use of the PCR: strategy described, we did not ]

detect XMRV gag DNA-in any of the 293 partfcipant samplés.
In 7 nested PCR reactions, DNA bands of a size similar to the
expected XMRV gag PCR product were observed (data not
shown). Cloning and sequence analysis of the PCR amplicon
from- participant 6,2 éubject with rheumatoid arthritis, dem-
onstrated >99% sequence identity to a mouse eridogenois ret-
rovirus. that was not XMRV [14], Multiple repeat PCR.ampli-

fications with participant $6 PBMC DNA that used the original
reagents, an ‘additional aliquot of DNA, or another commer-
cially available Taq polymerase failed to generate a PCR am-

~ plicon; this finding suggests that the original amplicon most.

likely resulted from contamination. Amplicons from the other
6 nested PCR reactions had sequences matching a portion of
the human genome and shared no homology with XMRV,
Discussion. ' We assessed the prevalence of XMRV in a co-
hort of 293 American patients with CFS or chronic coriditions
associated with immune activation and/or immune deficiency
and did not detect XMRV in any participant sample. Another
report showed that XMRV DNA could be detected in patient
samples after a single round of 45-cycle PCR [7).-Our XMRV
amplification strategy used similar amounts of input PBMC
DNA and identical primer sets as were used in other reports,
and we increased the sensitivity of our methods b)f adding. a
nested PCR amplification that used 2 additional published

XMRV primer sets [4, 7, 8). These negative findings demon=

strate that XMRV was not associated with any specific group
that we investigated; the choice of PCR primers did not affect
XMRV prevalence estimates, XMRV DNA could be present at
levels below our detection threshold. However, we used. PCR
methodology that was comparable to other published methods
‘that detected XMRV DNA in GFS and healthy control sibjects
[7, 15).

The upper limit of the 95% confidence interval around our
CFS participant XMRV prevalence estimate (0%) was-9,5%.
‘This result is similar to reports from Europe and suggests a far
lower rate of XMRV infection, if any, in patients with CFS,
compared with the initial l;eport [7]. Regional -differences in

" XMRV prevalence among CFS patients could reflect geograph-

ical clustering of XMRV. infection and weakens the epidemi-
ological link between XMRYV infection and CFS.

To further characterize our CFS cohort and provide a basxs
of comparison to. other CFS groups described in the literature,
we admxmstered a 43-item CFS questionnaire, Although our
quesnonnaxre may be confounded by recall bias, a majority of
our CFS participants reported ongoirig symptoms at the time
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of study entry. These symptoms had been present for a mean
of 12 years and were debilitating enough to cause the majority
of participants to stop working. -
-Endogenous or latent viruses can become activated in pa-
tients with altered immune function. We explored the effect
that immune activation or suppression could have on XMRV

‘prevalence by including participants with rheumatoid arthritis; *

HIV infection (both treatment naive and virologically sup-
pressed), and hematopoietic stem-cell and solid organ trans-
plant. We did not identify an association between XMRV prev-
" alence and immune status. Healthy individuals were not included
per se in this study and preclude us from drawing conclusions
about the prevalence of XMRV in the general population. Our

rheumatoid arthritis age- and sex-matched hospital cohort may”

contain healthy patients that presented for routine clinical care,
. but we would reasonably expect greater morbidity in this control
v’jgroup, relative to the population at large in Boston. We did detect
‘a mouse épdogenous retroviral sequence in PBMC DNA from
1 participant, but we could not replicate this finding: Mouse
endogenous retroviral sequences are not present in the human
genome; reagent testing did not identify the source of this con-
taminating sequence,
In summary, we found no evidence of XMRV infection in
a cohort of patients cared for at Boston-area hospitals and no
association of XMRV with either CFS or chronic conditions
with altered immune function. Further research should be per-
formed to define the demographic and geographic distribution
of XMRV and to clarify its relationship with chronic fatigue
syridrome.
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Detection of Xenotropic Murine Leukemia Virus—
Related Virus in Normal and Tumor Tissue

of Patients from the Southern United States

with Prostate Cancer Is Dependent

on Specific Polymerase Chain Reaction Conditions
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Houston, Texas

(See the brief report by Henrich et al, on pages XXX-XXX, the brief report. by Bames ot al, on pages YOUX-XXX,
and the ediforial commentary by Kearney and Maldarelli, on pages XXX-XXX.)-

Background. There are questions regardmg the prevalence of xenotropic murine leukemia virus-related virus.

(XMRYV) in patients with prostate cancer and its association with the RNASEL R462Q polymorphism. We therefore
investigated whether XMRV infection could be found in patients with prostate cancer from the somhern United
States, and we.sought to verify the association with the R462Q.

"Methods. Prostate tissue specimens of 144 patients with prostate cancer from the southern United States-were
genotyped for R462Q by real time polymerase chain reaction allelic discrimination and were screened for XMRV
proviral DNA by nested polymerase chain reaction specific for the env gene. -

Results. The R462Q polymorphism-was found at an allelic frequency of 0.33. XMRV was detected in 32 (22%)
of the 144 patients. Patients were significantly more likely to test positive for XMRV in both tumor and normal
tissue rather than-either alone (x = 0,64). A positive result for XMRV was not significantly correlated with the
R462Q polymorphxsm (P = .82) or clinical pathological parameters of prostate cancer, mcludmg Gleason score

(P=.29).

Conclusions. XMRV is detectable in normal and tumor Pprostate tissue from patients with prostate ‘cancer,
independent of R462Q The presence of XMRV in normal tissue suggesrs that infection may precede cancer onset:

Prostate cancer is a leading cancer in men in Western
countries, accounting for 25% of incident cancers in -

American men in 2009 [1, 2]. Despite the high prev-

alence and gravity of this disease, there are currently-

few suitable biomarkers to distinguish between cancers
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with high and low recur;*encc potentials and to deter-
mine whether patients require immediate therapeutic
intervention or only periadic observation [3). Such bio-
markers for classifying prostate cancers into different

treatment. categories may depend on. the uriderlying

etiology of each case. Epidemiological evidence suggests
that environmental factors, such as diet and infectious
agents, may contribute to chronic inflammation of the
prostate and tumorigenesis {2]. An infectious etiology
for prostate cancer is supported by the linkage. of he-

- reditary prostate cancer to the common R462Q poly-

morphism in the RNASEL gene. The polymorphism,
which has been reported to be more prevalent among

* familial patients with' prostate cancer, results in a re-

duced-activity variant of the innate antiviral factor, ri-
bonuclease L [4, 5].-In 1 study, the R462Q polymor-
phism was implicated in up to 13% of prostate cancer
cases (4] Correspondingly, xenotropic murine leuke-

N
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mia 'virusy—relatéd virus (XMRV) was discovered by éearchirxg
" for viruses in patients with prostate cancer homozygous for
- R462Q with a2 microarray (Virochip) designed to detect the
most conserved regions of all viral families [6]. An expanded
screen with patients with prostate cancer harboring wild-type
RNASEL alleles indicated a strong correlation with the R462Q
variant, thus establishing a connection between infection and
‘the disease [6].

The linkage of XMRV to prostate cancer through the RNA-
SEL R462Q polymorphism has become the subject of contro-
versy because recent reports indicate that infection occurs in-
dependent of R462Q {7, 8]. Additional studies are needed to
determine whether RNASEL genotype is a reliable indicator of
susceptibility to XMRV infection. Furthermore, there is no
agreement about the cell types infected in the prostate. XMRV
was originally discovered gxcluslvely in the nonmalignant
stromal and hematopoietic ¢ells adjacent to the carcinoma [6].
By contrast, another study found XMRV primarily in prostate
carcinoma cells (7], Additional studies are therefore needed to
determine whether nonmalignant cells are susceptible to in-
fection by XMRV to address whether infection may precede
tumor initiation, Questions regarding the association of XMRV
with prostate cancer have also arisen in light of recent studies
that detect little to no presence of the virus in patients with
prostate cancer [9, 10]. Interestingly, studies that detect XMRV
in patients with prostate cancer were conducted in the United
States, whereas those that do not detect the virus were con-
ducted in’ Germany. These conflicting reports emphasize the
need to confirm the presence of XMRV in prostate cancer and
to define the geographic distribution of the virus.

Here, we condiicted 2’ retrospective study‘ in which we
screened. a cohort -of patients with prostate cancer that is
unique from those of previous studies with respect to its lo-
cation within the United States. Additionally; we selected for

‘ patients with a family history of prostate cancer to enrich for
carriers of the R462Q polymorphism. The goals of the study
were to confirm the presence of XMRV.in patients with prostate
cancer and to investigate the linkage of XMRV to the R462Q
polymorphism. Here, we demonstrate that XMRV is present
in 22% of patients with prostate cancer from the southern
United States, that infection does not correlate with R462Q,
and that reliable detection of viral DNA was dependent on

particular conditions of polymerase chain reaction (PCR). Ad-
ditionally, we show that XMRV is deiectable in both normal
and cancer tissues in the prostate, suggesting that the virus does

" .not specifically target transformed cells and that infection may
therefore precede cancer onset. If XMRV is shown to promote
pioétate cancer, it may prove to be a valuable biomarker for

clinicians when considering treatment for patients.

METHODS R
Prostate cancer cohort and tissue preparation, Frozen pros- ~
tate tissue cores were obtained -from’a prostate cancer tissue
bank at Baylor College of Medicine. Details of the donor pa-
tients have been described elsewhere [3]. All prostate tissues
used in'the study were derived from patients who underwent

. radical prostatectomy and had provided consent in accordance

with the Baylor College of Medicine Institutional Review Board.
No patients underwent preoperative treatment for their cancer.
To enrich for carriers of the R462Q polymorphism in RNASEL,
only tissues from patients having at least 1 first- or second-
degree relative diagnosed with prostate cancer were selected for
XMRV screening and RNASEL genotyping. In total, 144 pa-

" tients were screened for XMRV and the R462Q polymorphism

. tested in dupbcate

in RNASEL. For 57 of the 144 patients, both normal and tumor
tissue were available for screening.

All prostate tissues were prepared for DNA extraction in 2
separate laboratory from the laboratory in which the infectious
XMRV clone VP62 (GenBank accession number, NC_007815.1)
was handled, DNA was extracted from sections of prostate bi-
opsies with use of the QlAamp DNA Mini kit (Qiagen). All
prostate tissue DNA samples were stored at —20°C immediately
following extraction in a laboratory free of amplified or cloned
DNA. :

RNASEL genotyping. All patients “were genotyped for
RNASEL G1385A (R462Q) with use of the Applied Biosystems
real-time PCR TaqMan single nucleotide polymorphism assay
(AssayID: C  935391_1_) with TagMan Universal PCR Master
Mix (Applied Biosystems). A 7500 real-time PCR system (Ap-
plied Biosystems) was used for amplification and analysis -of
RNASEL genotyping reactions containing 20 ng of prostate.
tissue DNA. Specimens of predetermined genotypes (homo-
zygous wild-type, heterozygous, and homozygous variant) were
used as controls for genotypmg reactions. All patients were
 Provirus screen. A nested PCR assay was developed to
screen prostate tissue DNA for XMRV provirus. The first-round
primers (5-ACCAGACTAAGAACTTAGAACCTCG-3 and 5'-
AGCTGTTCAGTGATCACGGGATTAG-3') amplify an 888-bp
region containing the 5' terminus of envelope (env). The nested,
second-round primers (5’-GAACAGCATGGAAAGTCCAGC-
GTTC-3 and 5-CAGTGGATCGATACAGTCTTAGTCC-3")
amplify a 653-bp region encompassing the 3 variable regions
(VR) of env, VRA, VRB, and VRC. First-round reactions con-
tained 650 ng of prostate tissue DNA, 2.5 mmol/L MgCl,, 800
umol/L of dNTPs, 100 ng of each primer, and 1.5 units of
AmpliTaq Gold DNA polymerase (Applied Biosystems) in a 50-
uL total volume. Two microliters of first-round reactions were
transferred to 48 ul of a PCR master mix containing 100 ng
of each second-round primer and the same concentrations of
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. Table 1. Summary of RNASEL Ge
- Related Virus Screen

g and Xenotropic Murine Leukemia Virus—

Variable Screen result
Total no. of patients 144
Positive PCR result, no. (%) of patlems 32 (22 2)
. R462Q allehc frequency
Total patients, frequency of R462Q allsles C. 33
“Patients with positive PCR’ results frequency ‘of AdB20 alleles R 297 >
Genotypic distribution .~
Wild-type: R, rio. (%) of patignts.: .~ - 66 (45.8)°
Heterozygous RQ, no, (%) of patients 61142.4)
Hornozygous variaht G0, Ro. (%) of patiefts 17.018)
NOTE. PCR, polymerase chain reaction.
* Patients who had positive results by PCR for ic murine léukemia vi tated. virus

+ - regardless of tissue type. ~

® R462Q allelic frequency for the 32 patients with positive results for xenotropic murine leukemia

virus—related virus DNA:
N k3
each of the components of the first-round reactions. Ther-
mocycling conditions were as follows: 94°C for 5 min; 35 cycles
of 94°C for 30 s, 56°C for 1.5 min, and 72°C for ! min; and

ending with 72°C for 10 min. The master mixes for each set.

of PCR reactions. wete tested for sensitivity and nucleic acid

contamination by incorporation of positive and negative con--

trols, respectively. The positive control consisted of 3 separate
reactions, each with 100 ng of DNA isolated from XMRV-in-
fected LNCaP cells diluted 1 to 1 X 10> in uninfected LNCaP
cells, The mastet mix was considered to be adequately sensitive
only if all 3 positive control reactions had positive results. Neg-
ative controls consisted of 3 separate reactions with H,0.in
place of DNA template and 3 separate reactions of 650 ng of
uninfected LNCaP DNA. After’ thermocycling, second-round
reactions were electrophoresed on agarose gels containing eth-
idium bromide and .were visualized under ultraviolet light, All
tissues were séreeixed in triplicate, and patients/tissues were
considered to be posmve if 21 PCR reactions had positive
results,

Cell culture and generation of PCR sensitivity controls.
The LNCaP human prostate carcinoma cell line was used to

syringe filter and was used to infect a new stock of LNCaP

cells, The infected cells were cultured for 40 days, splitting
them 1:10 every 5-7 days. The infected cells and a separate
stock of uninfected LNCaP cells were washed with phosphate-
buffered saline, trypsinized, and mixed together at ratios of 1
1100, 1:1 X 10% 1:1X 10%, and 1:1 X 10® (infected cells:unin-
fected cells). Without further culturing, total cellular DNA was
extracted from the cell mixtures with use of the QlAamp DNA
Mini kit (Qiagcjn)' Extracted DNA was used as template to test
the sensitivity of the XMRV env nested PCR assay.

To test for VP62 plasmid contamination in prostate speci-
mens, a set of 4 primers were designed for nested PCR. The 2

forward primers ( 5-TCTGGCTAACTAGAGAACCCACTG-3, -
and §-AATACGACTCACTATAGGGAGACC-3') were spécific -

test the sensitivity ‘of the PCR assay and to generate XMRV ™

stocks. XMRV has been shown to infect and replicate within
this cell line (11}, LNCaP cells were cultured in' RPMI 1640
(Invitrogen), 10% heat-inactivated fetal bovine serum (Sigma),

glutaimine, and penicillin and streptomycin (Invitrogen) and.

were incubated at 37°C with 5% CO,.
To generate PCR sensitivity controls, LNCaP. cells were trans-
fected with an infectious XMRV clone (VP62), a generous gift

from Robert Silverman {Cleveland Clinic) [11]. One day after ~

transfection, the cells were washed with phosphate-buffered

- saline and were supphed with fresh media. Two days posttrans-

fection, the condmoned media was passed through a 0. 45 -um

to the multiple cloning site of pCDA3.1(-) (Invitrogen). The
2 reverse primers (5-AAGGTAACCCAGCGCCTCTTC-3' and
5-GTTACGGTCTGTCCCATGATCTC-3") were specific to the
%' terminus of VP62 gag. The VP62 nested PCR assay was found
to be capable of detecting 10 plasmids diluted in 600 ng of
uninfected LNCaP DNA in 3 of 3 samples and I plasmid in
600 ng of uninfected LNCaP DNA in 1 of 3 samples {data not
shown).

Cloning and sequencing of patient-derived PCR products.
Positive PCR reactions were electrophoresed on agarose gels

and were extracted using the Qiaex II Gel Extraction Kit (Qia-:

gen), according to the manufacturer’s instructions, Extracted

This ﬁgure is available in-its entirety in the online
version of the Journal of infectious Diseases.

Figure 1. )
merase chain reaction fragment nucleotide sequence alignment.

Xenotropic murine leukemia virus—reldted virus env poly-
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Figure 2. Sequence analysis of patienit-derived polymerase chain reaction (PCR) products. A Comparison of the predicted Env protein sequences
from the PCR products of 17 patients with the Env sequence of the xenotropic murine leukemia virus-related virus (XMRV) clone VP62: variable
regions {VR) A, B, and C are indicated; dots indicate identical residues; and a stop codon is indicated by an asterisk. 8, Phylogenetic tree of the

XMRV patient clonss, compared with other murine retroviruses.

PCR products were cloned into pCR2.1-TOPO with use of the
TOPO TA Cloning Kit (Invitrogen), according to the manu-
facturer’s protocol. The clgne;:l PCR sequences were propagat-
ed in NEB 10-beta (New England BioLabs) Escherichia coli and
were isolated with the QiAprep Spin Miniprep Kit (Qiagen),
and the sequences of the DNA inserts were determined.
Phylogenetic analysis. Env sequences were aligned using
Clustal and were t’lrimmed to the same length with gaps. The

maximum likelihood tree of env sequences was generated using

‘PhyML [12]. o
Statistical analysis, . Statistical analyses were performed us-

ing Stata, version 10 (StataCorp).' Correlation between XMRV
positivity and tissue type was analyzed by measuring the simple
kappa coefficient. Correlations between XMRV positivity and
Gleason score or seminal vesicle invasion'werc analyzed using
Fisher’s exact test. Correlation between XMRV positivity and
extracapsular extension or surgical ‘margin invasion was as-
sessed using the x* test, -

Accession numbers, - Sequences of cloned XMRV' env
genes were deposited in GenBank under accession numbers
GU812341-GU812357, _Acce§sion numbers from GenBank
for other viral sequences.are as follows: DG-75, af221065;
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Figure 3. Distribution of xenotropic murine Jeukemia virus—related vi-

rus (XMRV) between normal and cancer tissue of 57 patients with prostate

cancer, The-white circlé represents patients from whom XMRV DNA was
detected by polymerase chain reaction in harmal tissue, the dark gray
circle represents patients from whom XMRV DNA-was detected by poly-

- merase chain reaction in timor tissue, and the fight gray overlap rep-

resents patients for whom both ‘tissue’ types had positive results for
XMRV-DNA. Twenty-ning ‘of the 57 patients had negative results for

" XMRV DNA. Patients were found to be more likely to have positive results

for-both tissue types {simple « coefficient, 0.64), o

Raucher MuLV, NG_001819; Friend MuLV, M93134; Molo-
ney MuLV, NC_001501.1; MERV Chrl2, acL53658; MTCR,

NC_001702; and MERV Chr7, ac127565.

RESULTS

Distribution and frequency of RNASEL R462Q. To_investi-
gate the linkage of XMRV infection to RNASEL R462Q, we ob-
tained prostate tissue specimens from patients with ‘prostate

. <ancer to screen for. the virus and the R462Q polymorphism

in RNASEL, Becél_xse XMRV was originally found to be strongly
associated with R462Q, we scteened patients with prostate can-
cer with a family history of prostate cancer, which are reported
to have an increased R462Q allelic frequency {4-6). In total,
144 prostate cancer cases were screened by a real-time PCR-
based allelic discrimination assay for the R462Q polymorphism
in RNASEL. We found there to be 66 (45.8%) wild-type (RR)
individuals, 61 (42.4%) heterozygotes (RQ), and 17 (11:8%)
individuals homozygous for the Q variant (Table 1). The allelic
frequency for R462Q was determined to be 0.33, which is in-
termediate in comparison to other described prostate cancer
cohorts of unselected or sporadic cases (allelic frequency of
R462Q, 0.25 and 0.38) [4, 7, 10}.

XMRYV is. detected in patients with prostate cancer. A
highly-sensitive, nested PCR assay for XMRV env wasvdeveloped
to. screen patients' for XMRV infection. The PCR assay was
found to be capable of detecting a single copy: of VP62 plasmid
(data pot shown), We also tested the sensitivity of thc PCR
assay in.the context of -integrated provirus. We found that
XMRV provirus could be detected at a dilution of 1 infected
human prostate’ carcinoma cell per 1 X 10* uninfected cells in

.3 of 3 samples with use of 600-ng of DNA (~1 X 10° cells).

With the same quantity of DNA, the nested PCR assay was
found to be capable of detecting XMRV provirus in 1 infected
cell per 1< 10° uninfected cells in 1 of 3 samples (data not

shown). Importantly, assuming XMRV provirus is presentata -

) frequency of 0.15%-1.5%, which has been estimated in other

reports, qur nested PCR assay is greater than 15-150 times
more sensitive than that which is minimally requited to detect
the virus [6, 7). Thus, the nested PCR assay is a highly sensitive
method to detect XMRV. provirus. Each patient specimen was
screened in triplicate with use of 650 ng of prostate tissue DNA.
In total, 32 (22%) of 144 patients were found to have positive

results for XMRV by PCR (Table 1). The majority of tissue-
" specimens that were positive for XMRV had positive results in

only I or 2 of 3 replicates (data not shown),

To confirm that XMRV was detected, the 653-bp env PGR

products were sequenced from 17 patients with positive results
(nuclectide sequence alignment is presented in Figure'1). In
comparison to reference strain VP62, 3 of the- 17 sequences
encoded nonsynonymous nucleotide differences, tepresenting

a total of 5 amino acid differences (Figure 2A). With respect -

to all 17 predicted Env peptide sequences, differences from
VP62 were observed at a rate of 0.14%, ranging from 0% to
1.4% (patient PCA1). The high degree of sequence identity
with VP62 suggests. that positive PCR results for the tissue

. specimens were attributable to the presence ‘of XMRV DNA.,

This was confirmed by phylogenetic analysis of the sequences
(Figure:2B). Additionally, we tested for the presence of con-
taminating VP62 plasmids in the DNA isolated from the patient
tissue specimens with use of a nested PCR assay targeting the
peDNA3.1(-) multiple cloning site~XMRV genome junction.
We found no evidence ‘for contamination in specimens with
positive results by PCR for XMRV eny (data not shown).”
XMRYV is present in cancer and normal tissues, For 57-of
the-144 patients, both normal and tumor prostate tissues were
available for screening, whereas only tumor tissue was available

for the remaining 87 patients. In this subset of patients; XMRV"

was detected in 21 (36.8%) ‘of 57 normal tissue sar_nplcs ‘and
in 25 (43.9%) of 57 tumor. tissue samples. The virus was de-

Table 2. Xenotropic- Murine .1 Virus-Related Virus
Screening by Nested Polymerase Chain Reaction (PCR) for env

RNASEL genotype .

PCR result RR RQ Qa - Total

Positve .16 | 13.i. o 3 ez

Negative 50 48 14 .oon2
AP B6(242) U1 213) 7 78) 14k 22.2)

NOTE.Data are no. or no. (%} of specim’ens‘ RR, homozygous wild-type;
RQ, heterozygous; QQ, homozygous R462Q variant,
. ®-The numbers in parentheses are percentages that indicate the proportion
of xenotropic murine leukemia virus-related virus PCR-positive spacimens.
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Figure 4. Xenotropic murine leukemia virus~related virus (XMRV) infection is not significantly corrélated with Gleason score: Numbers of infected
patients {/ight gray) and uninfected patients {dark gray) are graphed according to Gleason score. No association between detection of provirus and
Gleason score was found (P = .29, by Fisher's exact test; £ = .30, by 2-sample ¢ test).

tected exclusively in the normal tissue of 3 patients and was
detected exclusively in tumor tissue of 7 patients, whereas 18

" patients had provirus detected in both tissue types (Figure 3)."

Statistical analysis of these results indicate that patients were

more likely to harbor provirus in both normal and tumor tissue

rather than one or the other (x coefficient of agreement, 0.64),

suggesting that XMRV does not specifically target tumor tissue
. in the prostate.

XMRYV infection does not correlaté with R462Q, Gleason
score, or-other ﬁathological parameters of prostate cancer.
We investigated whether XMRV infection is enriched among
carriers of the R462Q polymorphism of RNASEL in this cohort.
XMRV was detected in 24.2%, 21.3%, and 17.6% of wild-type
(RR), heterozygous (RQ), and homozygous variant (QQ) pa-
.tients, respectively (Table 2), However, infection was not fourd

to be significantly associated with the R462Q polymorphism

of RNASEL (P = .82, by x* test).

XMRV infection is reportedly associated with hlgher Glea-
son score prostate cancers [7]. We therefore examined whether
XMRV infection correlates with tumor grade. The patients in
our study consisted of 12, 35, 82, 9, and 6 patients with Gleason
scores of 5, 6, 7, 8, and 9, respectively. Although there appears
to be a trend between XMRYV infection and incteasing Gleason

Table 3. Statistical Analysis of X pic Murine L

score in Figure 4, no statistically significant association was
found (P =29, by Fisher's exact test). Furthermore, we ex-
amined whether XMRV infection correlates with seminal vesicle
invasion, extracapsular extension, and surgical margin invasion,
which are indicators of spreading prostate cancer (Table 3). How-

ever, we found no significant correlation between XMRV infec- .
vtion and seminal vesicle invasion (P = .33, by Fisher’s exact test),

extracapsular-extension (P = .59, by x* test), or surgical margin
invasion (P = .89, by x* test).

DISCUSSION

Our screen of patients with prostate cancer confirms the pres-

ence of XMRV among patients with prostate cancer in ‘the .
United States.- We detected XMRV DNA in normal and tumor

tissue, indicating that. nonmalignant cells may be susceptible
to infection. In_»agreemem with recent studies, we find no cor-
relation between the presence” of XMRV infection and the
R462Q polymorphism of RNASEL, confirming that the pop-
ulation at risk of infection is not confined to homozygous
carriers of the Q variant [7, 8]. '

"Interestingly, 3 iﬁdependent studies, including 2 s(xrveys of
German prostate tissue specimens and a screen of English chronic

i Vims—ﬁelated Virus Positivity Versus Clinical

. Pathological Parameters of Spreading Prostate Cancer

Positivé clinical pathology

Negative clinical pathology

PCR positive, PCR negative, PCR positive, PCR negative,
- Parameter  no, (%) of patients  no. of patients  no. (%) of patients  no, of patients P
ECE 1(258 - 32 21-{21:4) AT
sVI ’ 5 (33. 3 10 a7 98 ) "
24:2248) 15 g e

CUgMIRL L B (23 2.

NOTE: Pauems either scored positive or nsgatlve for clinical pathological parameters of prostate cancer and were gither positive

or negative by PCR for ic muring feuk [
SV, seminal vesicle invasion. :

d virus. ECE, extracapsular extension; SMI, surgical margin invasion;
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fatigue syndrome paﬁeﬁts, found little fo ria evidence of XMRV
infection [9, 10, 13]. However, in agreement with studies per-
formed in the United States, we found the presence of XMRV

- in prostate cancer tissues [6, 7, 14}, It is possible that XMRV is

mostly. absent from the European population. If so, it would be
interesting to uncover the reason for this geographic distribution.
Alternatively, the inability to detect XMRV in Europe may pos-
sibly reflect genet.ié differences between American and European
strains, However, this seems unlikely considering the high degree
of sequence conservation among XMRV isolates and the ;/ariety

- of primer target sequences used for detection among the studies

in Europe [6, 8~10, 13]. Additionally, the failure to detect XMRV
may be att_ributdblé to differences in the detection techniques
employed.. We have found that detection of XMRV. required
rather specific conditions. For instance, at least 600 ng of prostate
tissue DNA was riecessary for reliable detection with our PCR
assday. XMRV was detected in 3.2% of the patients when we
initially used 100-140 ng of prostate tissue DNA, compared with
22.2% of the patients when we used 650 ng. Additionally, we

from LNCaP cells infected in vitro, depended on the gene targeted
in the PCR assay. We were unable to detect XMRV in the patient
tissue samples by nested PCR with primers specific for the gag
and pol genes, regardless of whether 100 or 650 ng-of DNA was
used as template, We found the gag primers to be at least 10-

fold less sensitive’ than the env primers, and ‘the pol primers

tended to amplify a competing region from the human genome
(data not shown). It is unclear whether these deficiencies account
for the inability to detect XMRV in patient samples or whether
XMRYV is mainly present as an incomplete provirus in the cells

" of these patierits Nonetheless, the difficulty associated with de-

‘found that detection of XMRV from patient specimens, but not .

tecting XMRYV in patient samples may perhaps explam studies

that do not detect the virus among large cohorts.

We found our nested PCR assay for XMRYV env to be capable

of detecting 1 infected cell per 1 X 10° uninfected LNCaP cells
in 1 of 3 samples with use of 600 ng 6f DNA. Thé fact that
the PCR-positive tissue specimens tested pasitive in only 1 or

"2 of 3 replicates may indicate that XMRV provirus is present
at a very low copy number. This interpretation would be con-

sistent with another report [7). Alternatively, it is possible that
the quality of the tissue specimens was low because of pres-
ervation, handling, and the duration of storage prior to DNA
isolation. However, we were able to genotype the patients for
R462Q with use of 20 ng of DNA without difficulty. -

Our finding that XMRV can be detected in the normal tissue
of patients with prostate cancer suggests that nonmalignant cells

may also b(;:‘ susceptible to XMRV infection. If this is correct, -

" XMRV infection may precede and possibly participate in the

process of tumorigenesis. There is currently little evidence to
suggest that XMRV employs any traditional mechanisms for
transforming cells.. The virus harbors no known oncogenes,

and a ¢lonal integration pattern indicative of insertional mu-
tagenesis has not been observed in prostate cancet specimens.
In accord with other studies, we predict a proviral copy number
of far less than 1 per cell, arguing against insertional muta-
genesis as a mechanism of transformation {6, 7).

A limitation of our PCR-based screen is that it does not
identify the infected cell types, It is possible that the XMRV
we detected was exclusively from nonmalignant cells, because
tumor tissue consists of both malignant and nonmalignant cell
types. It is important to note that XMRV. may promote tu-
morigenesis through paracrine and cell-cell interactions. Pros-
tate cancer- has been shown to depend on the biology of the
surrounding stromal microenvironment, and a reactive stromal
phenotype has been shown to promote cancer progression (3,
15-18}. It would be interesting to-determine whether XMRV
elicits the conversion of pro'state-stroirﬁl cells to a reactive
phenotype, regardless of the cell'type infected,

“We did not find a correlation between XMRV infection and
various clinical pathological parameters of prostate cancer, in-

‘cluding seminal vesicle invasion, extracapsular extension, and

surgical margin invasion. Similar fo another report, which

found a correlation with higher Gleason scores, we observed a.

slight trend in favor of increasing Gleason score [7]. However,
our results were not statistically significant. Additional studies
with a greater number of patiehts will be required to evaluate
a correlation between XMRV infection and Gleason score,

In conclusion, our data support a hypothesis that XMRV is
endemic to North America. However, further investigation into
the association of XMRV with prostate cancer and other human

diseases is needed. If‘es‘tablished as an agent of human disease, '

XMRV may prove to be an important biomarker for selecting
a suitable course of treatment,
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Abstract

Several recent papers have reported the presence of a gammaretrovirus, termed
“XMRV” (xenotropic murine leukemia virus-related virus) in prostate cancers (PCa). If

confirmed, this could have enormous implications. for the detection, prevention, and

 treatment of PCa. However, other papers report failure to detect XMRYV in PCa, We

tested nearly 800 PCa samples, using a combination of real-time PCR and.

immunohistochemistry (IHC). The PCR reactions were simultaneously monitored for

- amplification of a smg]e-copy human gene, in order to confirm the quality of the sample

DNA and its sultabxhty for PCR. Controls demonstrated that the PCR assay could detect
the XMRV in a single mfected cell,.even mn the presence of a 10,000-fold excess of
uninfected human cells. The IHC used two rabbit polyclonal antisera, each p_repare‘d
against a purified MLV protein. Both antisera always stained XMRV-infected or -
transfected cells, but never stéu'hed cohtrol cells. No evtdence for XMRV inPCawas
obtained in these experiments. We discuss possible e)rplanations for the discrepancies in
the results from different laboratories. It is possible that XMRYV is hot actually circulati‘ng
in the human population; even if it is, the data do hot seem to support a causal rolevfor

this virus'in PCa.

Author manuscripts have been peer reviewed and accepted for publication but have not yet been edited.
Copyright © 2010 American Association for Cancer Research
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; fatigue syndrome (CFS) (Zj

Introduction

In 2006, a new retrovirus was reported to be associated with prostate cancer (PCa)

(1) It was recoéni_zed as 2 murine leukemia virus (a member of the geunmaretrovirus

genus), _én'deas termed “XMRV”, or “xenotropic rrrurine leukemia virus-related virus”.
(Murine leukemia viruses [MLVS] are found in mice; xehotropic MLVs cannot infect |
mouse cells, but can generally mfect human cells.)

Assocratron of a virus with this important cancer. could have enormous
1mphcanons for detectlon preventron and treatment of PCa, just as the dxscovery of the
role of human paprllomavrrus in cervical cancer has revolutxomzed our approach to this
disease: Accordmgly,_many laboratories have begun testing for the presence of XMRV in

PCa patients. Remarkably, the same virus was also reported in patients with chronic

‘108

Retrov1ruses are relatively s1mple RNA-contalmng viruses. Thelr umque

propertles mclude the copymg of their RNA into double-stranded DNA at'the tirhe of

‘ 1nfect10n (“reverse transcription’ ) and the |ntegrahon of thrs DNA copy mto the -

o chromo'sorhal DNA of the infected ceil. Once inserted, this DNA is rephcated with the

chromosome, and will thus be present in the cell and its desce_ndants‘into the indefinite L
future. o

The methods that have been used to detect XMRV mclude nuclelc acid

'hybndlzatlon PCR and reverse transcrlptlon-PCR (RT-PCR); fluorescence in situ

hybridization (FISH); immunohistochemistry (THC); screens for anti-viral antibodies in
patient sera; and virus cultivation. These diverse methods have only given concordant

Author mt'gnuscxipts have been peer reviewed and eccepted for p_ilblication but have not yet been edited.
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results in a handful of cases, The field was recently reviewed (3), and the state of the -
science was also covered in'a 1 ¥ day meeting held on the NIH campus in.September,
2010. 7

o XlVlRV was. initially reported to be more prevalent in 'prostate cancer tissues from
men with homozy gous germline RNase L mutations (R462Q) than in men without this
QQ genotype (1). In this study, both in situ hybn'dizé,tion and IHC found the virus in ‘
approximately 1% of stromal cells, but not in tumor cells. A subsequent study reported“
that 14 of 233 prostate tumors were positive for XMRV by real-time PCR and 54 of 233

were positive by ITHC (4). Surprisingly, a number of cases were positive by THC, but

negative by PCR. The IHC in this study localized XMRV proteins primarily in malignant -

epithelial cells rather than stromal cells, and ‘positive staining correlated with high tumor
grade. No association with RNase L variants was found in this study. Finally, another
study reported that 8 of 20 prostate cancer patients with the QQ RNASEL genotype and 3

of 20 with the RQ or RR genotypes were positive in a serum neutralization assay and that

5 of 7 tested tumors were positive by FISH in a subset of stromal cells; FISH and serum -

positivity correlated with nested PCR results (5). One strong indication that XMRV has
infected some human cells in some prostate tumars is the ﬁndmg of XMRV sequences
mtegrated mto human DNA (6, 7). . ’ |

In ccntrast, several studies have repoi_’ted the absence, or extremely low
prevalence, of XMRV in PCa. These include a study of 338 samples representing tumor,
. normal, and BPH tissues from 200 prostate cancer patients using a highly sensitive nested

PCR assay; 105 prostate tumors using nested RT-PCR; 589 prostate tumors using nested

Author manuscripts have been peer reviewed and accepted for publication but have not yet been edited
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- PCR procedure, in which the same PCR v_vells were simultaneously tested for XMRYV and R

PCR and nested RT-PCR as well as 146 serum samples using an ELISA assay; and 130
prostate tumors and control tissue samples using RT-PCR(8-11). ‘

At this point, it would be hard to overstate the discrepancies between different

- laboratones on the basic question of whether XMRYV is actually present in the human

populanon, and there is no understandmg of its possible role in disease. In an effort to
resolve the discrepancies concerning the prevalence of XMRV.in PCa, we have tested for
the virus 4us'ing both real-time PCR and lHC, with two antisera specific for different viral
proteins;" our 'resul/t's are described below. Methods are detailed in Su}iporting ‘
Information, "
- Resvults )
We developed a real-time PCR assay for detection of XMRV sequences'in PCa-

tissues. The quality and concentration of the sample DNAs were confirmed by a duplex

09

- for CCR5 a smgle-copy nuclear gene Fora posmve control we tested the genomic

DNA (gDNA) of 22va cells an XMRV-mfected PCa cell lme ( 12) 22Rv1 gDNA was

diluted into 293T or Hela cell gDNA (typical results shown in Fig. 1). We could

-routinely detect XMRYV sequences in 10 pg of 22Rv1 gDNA (l“ig, 1A, blue line), even in

the presence of 100 ng or more of beckground human gDNA. Tests of 1 pg (orange and

pink lmes) were occasmnally positive, but viral sequences were never detected in0.1 pg

-of 22va gDNA (data not shown). Tests with the XMRV plasmld VP62 as standard -

indicate that there are ~ 15 copies of XMRV per diplOld genome in 22va gDNA, a
number smular to that reported by Knouf et al. (12) (data not shown) Thus our assay can

always detect ~20 copies of XMRV DNA, and can occasionally detect ~2 copies The
Author manuscnpts have been peer reviewed and accepted for pubhcation but have not yet been edited.
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CCRS3 assays in the same PCR well; were uniformly positive (Fig. lAj. All assays’

incll.ided pai'a]lel tests of 293T or HeLa gDNA alone (XMRYV negative control, Fig. 1B,

v red line) and E. coli gDNA kCCRS negative contrpl, i’ig. IB, greexi line). Usihg this

- duplex assay, we screenedvDNA, from 161 prostatic adenocarcinomas, including 12 that
had been miicro-dissected and 10 that were metastases (Table i). In éll cases CCRS was |
successfully amplified, confirming the quality of the DNA prejnaration, but there was no
amplification from the XMRYV primers in any of the cases tF ig: 1C). ‘

‘Similar.real-time PCR assays were also performed‘ on 54 of these samples using a

primer-probe set directed at a highly conserved region within tile Gag gene. in addition,
nested RT-PCR was performed on 41 addin'onai cases using the pn'mér set described in
Urisman et al. (1) and nested PCR was used on 24 cases using the pril‘i‘lerS of Hohn et al.

-(9). In all of these tests, XMRV sequences could be efficiently détected in the RNA or
DNA from infected cells, but no positive results were 'obtaineti with any of the PCa

saniples (data not shown).

Tiie MLV proteins p30°* and gp70°Y are cleavagé products of the viral Gag and .

Env polyproteins, respectively. We tested the abjlii}; of the MLV3O and MLV70 antisera
to react with XMRYV proteins. As shown in Fig. S1 in Supplementary Infomiation, both
antisera reacted with the expected viral proteins in vii\is particles (ihe MLV30 blot shows
that some uncleaved Gag pblyprotein, Pr65%%, as well as the norinal cleavage product
p30°4, is‘preéent in the virus particles). Thus, these antisera cross-react with the
corresponding polypeptides from XMRV. Wes:tem blots with MLV30 and MLV70 using

lysatés from 22Rv1 cells were similarly positive (data not shown), but not using lysates

Author manuscripts have been peer reviewed and accepted for publication but have not yet been edited.
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of the human PCa cell lines DU145 and PC3, which were negative for XMRYV by _PCR
(datanot ;hown),

. ~ By IHC both sera showed clear and reproducible staining of 203T cells

transfected with the VP62 clone of XMRV (Fig. 2B) but never stained 2§3T cells that
had bee‘n‘ti'ansfected with an empty plasmid (Fig. 24). Additionally, both antisera stained -

- 22Rvl cells (Fig. 2C), indicating that the staining did not require the overexpression

typically associated ‘with transient trahsfgbtion. A total of 596 prostaﬁcadenqcarcinoma;‘
aiid 452 benign prostaie tissue speci/mens,; prepared .either as full tiséue sections or as
tissue microarrays ('IMA;), were émalyzed with MLV30 and/or MLV70 (Table 1). Many
of thé prostatic tissues- evaluated from these cancer patients included areas of acuie and
chronic¢ ir_lﬂammafion, vatro'phy, benign prostatic hyperplasia and' high grade prostatic
intraepith‘ielial neoplasia (Table 1). Each experiment included positive and negative
cc’introlsi, vs‘/hichvélways gave results as ‘in Figs. 2A and 2B4'I‘~Iowever, no staining of
prostat¢ tissue samples was .ever obsérvéd with eiiher antiserum (Fi g ZD),
Diséuﬁsion

_ :We used a real-time PCR assay capable of detecting XMRV sequerices in DNA
from';.iiery vsrnall number i)f infected ‘cei]s‘, even iri the presence of a vast.excess (more'
vthah 10,600;fol<i) of uninfected cell DNA. We also per‘formed.IHC vi'ith two‘antiséi'a,

each ,.speciﬁc for a different MLV protein, under conditions where the sera igproduéibly )

-stained XMRV-containing cells but not identically treated control cells. Taken together{ )

the two assays surveyed nearly 800 prostate tumors, including microdissected ftumor

specimens; metastatic tumor tissue; and intermediate and high-grade primary 'tumo_rs, No .

Author manuscripts have been peer reviewed and accepted for publication but have not yet been edited. -
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signs of XMRYV infection were found in any of these tests. The results suggest that the
prevalence of XMRYV in prostate tumors may be far lower than has been reported
previousl}; »

How can our neganve results be reconciled with the posmve repons from other
laboratones" It has been suggested that XMRV might be present in North Amencan but

not European, prostate tumors (9). However, our samples, like those of Schlaberg et al.

~ (4), were from North American men. Also, while we did not select RNase L. R462Q - -
homozygotes for analysis, the number of cases we examined was high enough to include 1

. asubstantial number of these individuals. Another possibility is that XMRYV was present

in our samples, but we failed to detect it because the viral sequences were somewhat

different from the published XMRV sequences.. While little variation in XMRY.

- sequences has been observed to date (the reported sequences are ~ 97% identical), this

could potentially explain our negative PCR results. However, we used several primer

sets, some against highly conserved MLV sequences, and still saw no MLV signals.
Further, unlike PCR primers, the sera-we used in our ITHC assays are both broadly
reactive, since they were generated using Mo-MLV protems but reacted with the XMRV
proteins in our positive controls (Mo-MLV and XMRV are 82 % identical at the amino-

acid level). Thus it seems extremely improbable that sequence polymorphisms can

. explain our failure to detect XMRV by IHC.

: Tt could also be proposed that infected cells are present at.such alow level in
virus-positive tumors that the samples we tested were too small to contain infected cells.
(Contrary to this, Schlaberg et al. initially reported that positive samples contained 1-10

XMRV cobies per 660 cells; 660 diploid cells contain ~ 5 ng of DNA, while we tested’

. Author manuscnpts have been peer revnewed and accepted for publication but have not yet been edited.
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. amounts ranging from 25 to 1000 ng (4)). This might explain the negative IHC results

with tissue microarreys, but seems unlikely in the >100-tumors for which we analyzed
standard slides, which éenerally contain more than lQ5 cells.

Finally, 'enothe'r coneeivable explénetion for the. staining seen by Schlabergb etal.
4)is that the anti-XMRYV serum used n  their expenments contams antibodies directed
agamst cellular.proteins, in addition to the anubodles against XMRV. protems The
XMRV used as 1mmunogen by Schlaberg et al. was apparently produced in human cells.' .
Itis thus difficult to exclude the‘ possibility that human proteins were present in the virus
preparetion used as immunogen. HIV-1 virus particles are known to incorporate a wide |
variety of proteins from the v1rus~producmg cells (13), s0 that these proteins are
1mp0551ble to remove from the virus; indeed, ea.rly vaccine tnals with simian

1mmunodeﬁc1ency virus were confounded by this phenomenon (14, 15), Incorporauon of

111

major histocompatibility comple); proteins into MLV particles has also been reported
(16). We received PCa tissue sections (kindly provided by Dr i]a Singh, University of
Utah) from a ‘number of cases from bspecimens us_ed by Schlaberg et al. (4),-Based on their
results with the anti-XMRV émtisérum, these samples were predicted to be IHC-positive,
However, the sections did not stain with our MLV30 or MLV7O antisera (datandt .~
shown). Wnile we eannqt fully explain the disci’epancies in sfs,ining res.ults, Switeer etal.

have also demonStrated that under immunoblotting conditions, the anti-XMRV antiserum

: (4) reacts with protems in umnfected HeLa cells (17),

Many laboratones have used PCR to detect XMRY in clinical samples. However,
the extraordma_,xy sensitivity of this technique magnifies the risk of finding false positives, B

as well as the ability to find authentic positives. The risk is compounded by the
Author manuscripts have been peer reviewed and accepted for publication but have not yet been edited.
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widespread use of mice in biomedical research. Every mouse cell contains, in its DNA, ~

100 MLV genomes, termed “endogenous viruses”. These genomes reflect past infections

of germ cells and the resulting integration of the viral sequences into the mouse'germline,

As PCR is capable of amplifying and detecting a single molecule of viral DNA, this
means that, for example, (depending, of'course, on the specificity of the primersi a
millionth of a microliter of mouse blood is a potential.source of a positive signal ina
PCR assay for MLV, Indeed, there are anecdotal repot‘tsof false-positive MLV signals
ultimately traced to the use of the same mierotome_blade for cutting mouse and PCa
sections, and to the tiny amounts of mouse DNA contaminating the mouse anti-
polymerase monoelonal antibody used in commercial “hot start” PCR kits.

The 'existence of endogenous MLVs tnay be pertinent to another recent set of
observations. In an attempt to reproduce the detection of XMRV in cases of CFS, Lo et
al. (18) perforined PCR and reverse transcription-PCR on blood samples from CFS
_patlents and healthy blood donors They obtained positive signals from a high proportion
of the CFS cases (and a much lower proportion of the healthy donors) However, when
the PCR products were sequenced, they were found to differ from XMRYV:; thus these

results are completely distinct from the reports of XMRV detection, In fact, the
sequences match endogenous‘ MLYV sequences almost ,exactly. It should be em'phasized

_Y that (unlike ‘the studies reporting isolation of XMRV) this report does not include direct

ev1dence for the presence of an infectious v1rus the data consisted excluswely of

7 ampliﬁcation and detection of MLV-like sequences. Notably, the endogenous MLVs-that

they resemble most closely are defective MLV genomes which do not Igive rise to '

infectious MLV. While the authors provided strong experimental evidence arguing
Author manuscnpts have been peer revnewed and accepted for publication but have not yet been edited.
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against c_onta‘mination of their clinical samples with mouse DNA, this remains a péssible

explanetion for their results.

In conclusion, the fundamental question of whether XMRYV is really an infectious -

agent circu]eting in the human population is still unresolved. This question will not be
settled until reproducible assays for.the virus are established and validated; in tum this
will require exchange of samples and testing of well-characterized standards, followed by
cross-comparison of results obtained in different laboratories. lifforts in this direction are
now'underway»at the U.S. National Institutes of Health. However based on the data
presented here as well as that from other i mvestlgators (8- ll) we are doubtful that
XMRV is commonly found inPCa. Over the years, many claims assocxatmg viruses w1th
diseases have turned out to be mistaken (19, 20), and it s still possible that XMRV will
fall into tlus category. v

Finally, it is crucial to distinguish the question of the existence and ptevalence of
XMRV m the humari population from the question of its causal ro]e in.PCa In general,

gammaretroviruses like XMRYV induce malignant transformation by insertional

_ mutagenesis, s0 that tumors induced by a gammaretrovirus are clones in which all the

“cells are mfected (21). This mechamsm of carctnogene51s has been observed not only in

laboratory ammals but also in children exposed to: gammaretrovxrus denved vectors in
gene-therapy trials (22 23) Although some exceptions to this insertional mutagengesis
mechanism have been descnbed (24), the viral genome is present in the transformed cells
in all known cases. Thus, infection of an extremely minute fraction of the cells in some
prostate tdmors? even if confirmed, would seem to be incompatible with the’possibility

that XMRV. plays a causal role ift prostate tumorigenesis.
Author anuscripts have been peer reviewed and accepted for publication but have not yet been edited, )
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Table 1. Tabulation of Tissues Assayed

PCR : .
Microdissected prostate tumor . 12
Prostate tumor rhetastasis ‘ o » 10
Prostate tumor-~ . . - S RET
| IHC - : . MLV30 "MLV70
TMA prostate tumor” . e 433/1524 433/1524
TMA prostate benign” . , . : ‘| 437/1890 437/1890
TMA prostate tumor metastasis’ o | s2n21 | 52n21
Full sections prostate tumor : : S 1 » 111
‘Full sections prostat_e benign” s o 15 "
. . —_
. ‘ ™~
* Numbers shown are total number of cases / total nuiber of TMA spots a.nalyzed
MultlpleTMA spots (typically atleast 4) were analyzed per case.
Table 1. Specxﬁcatlon of prostate tumor samples tested. The Table shows the number of
cases tested by either PCR or IHC.
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Figure Legends

Figure 1. Duplex real time WOW. (A) MZW/\ vo&aﬁ.w control: wells ooiﬁ.s Ing (red),
0.1ng (green), 0.01ng (blue) or 0.001ng Aonwsmm\m;v of 22Rv1 gDNA in 100ng of HeLa
gDNA. (B) XMRYV and CCRS negative controls: wells contain 100ng of HeLa gDNA
c.m&,Q ,~ 00ng of E. coli gDNA (green). (C) Typical sample data: wells contain 100ng of

DNA from 4 different prostate tumors.

Figure 2. ~BE:=oEm8%mqim3 with MLV30 and MLV 70 antisera. (A) Antisera do not.
stain 293T cells transfected with pcDNA3.1. (B) Antisera stain 293T cells transfected
with Sa.u XMRYV. (C) Antisera stain 22Rv1 cells, but do not Stain DU145 and PC3
cells. (D) Typical mm«.:v_m data. Top left, example mm TMA and typical TMA muow No
antisera mﬁasw was observed for :oddm_. .Eoﬁwﬁ low-grade PCa, Emr.mn&.m PCa, or

lymph node metastases. Examples shown were stained with MLV30 antisera.
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Indefinite Deferral for History of Chron'jic Fatigue Syndrome

o whatwill chang ¢

" Been reparted

" Association o’f“BIo

- -safety avaﬂable‘. .

. Béfore they, dor
_ status. Peoplé, |

Services - Société canadienne du sang - Iidefinité Deferral forHistor.., ~ 1/1 R—" -

B 1]

- Canadian Blbod. Serv\tes is' ungdertaking a‘deferral-to-protect blood product recipients-from any potential risk that

could comre: fror

k- Between Xeriptropic' Murine Leukemia, V!rus-Related Virus{(XMRV):and Chronlc Fat!gue
Syndrome [CFSH. XMR :

4 is a type of retrovirus or:glnatlng in- mu:e ("murife" rélates to- mlce)

Although-the" medlais reporting that’ XMRV may Be & threat to the blood supply; the deferral Canadian; Blood
Services is'undertaking at this point relates to those patients wlth a hlstory ofCFS: onlys: At:this:point there is. no
evidence that XMW £auses any dlsease if: humans THis néw” mformatlan has reportad assac’aﬂonﬁ but Aot

causallt'y . : L e

blcod supply Will:b& minimal..

pDonors w»th actw

;ases of CFS dont usually comé in'to donate’ bloed because they are not feenng well
H:stoncally, 3 5

‘the new: deferral

N

Health Canada, the:body that regulates Canadian Biood Serwces, has approved: this-déferral, Implemehtatron wlll
geeur ln late Aprll» BT

note that-the avallable data re[ated to.the link’ Between XMRV and CRS S corfflictmg. WhHe it"Hag
Ay a-strong assoclation i Afrierican patients; the-finding hias not been: substantiated in patler\ts
érlands, suggestlng soffie; geographi¢ differénces in‘the patt 1,0 vivds spread.- Furtfierm; ..
ta confirming that XMRV causes disease. So at this:time; it js:notpossible to quantify “thi riske

Itis lmportan!:

In the UK.of th
there are-asyet

-] donor ‘with: a Ristary: of CFS. could pose to'a blcod recipient.

murﬂty understands mere about the role-oF XMRV bk otHierviruses:in: rélation to. chron\c
od. Services will revisit the deferral decision to determnine whether the deferrat s still
Blood: Services Ig part'of an inter-agericy North. Armerican. task. force1ed by the:Americati
Banks {AABB} that:ls: lnvestlgatmg the XMRV |ssue; .

0n~c¢}th.é scientiff
fatigle, Canagl
warranted. Can
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How Canadia : Blood Services currently handles potential threats to the blood supplv system.

Canadian Blood Servlces operates oneof! ‘the, safest blood systems in the world’.. AR essenmal elerent of olr
gommitment: §afety Is:our multllayered approach to ensuring that ouF ‘blood” products meet the highest: Ievel of

s

donors are asked.an: extensnve listof questiol s‘about\ elr behavtour and, about thelrhealth
are; unhealthy, mcludmg those with symptomatr:dlseases, are -deferred from donatlon

fespong: to’ the thigat,

Cﬁnatﬁzn Blooﬂ Set‘oitﬁ
ekt canadienne 60 sany




‘Blood Seivice updates CFS donor policy

ome > News & Eve ts > Blood Service updates. CFS danor-policy

,Jllood Sewlce updates C jS donor
_;pollcy
23/04/2010
Syndrome (CFS)

_The Australiar
: d;a_gnosed wuth Chromc Fatigue: S -"drome*(CFS)

..thelr return to donatmg untli 1her

_supply.

Australian Red Cross

BLOOD SERVICE.

Published on Australian Red Cross Blood Service (hittp:/fwww.donateblo chm ad) -,

THé Blood Service has declded to mdeﬂmtely defer dcnors thh Chromo Fatsgue '

Red Cross Bl" 'od Servuce WIII mdef' mte(y defer donors who have been

The. number one: pnonty of the: Bfood Serwce remam ]

Eligiibility crite g,and-freguehﬂy ‘asket questions about:donating blood - NZ Blood -

HE

ZRIOQON) 0800GMEBLOOD
V eyt oaoumszs N £

Horw . Oonating Whére To Danare - Siory Baard: Alboit Biaod  Hosources & Links - Gar1ivélved Caronrs: Latesi e - NZBS Suphuriors Confact Us

Detalled Ehglblllty Criteria and FAQ s

Annbiulu = Larn tskdng antivieties; Can | ﬂmlle"

Aetldénte - 15as invelved in an agéidant ud md stitches ér e«hu vmmw Cen} dnmle'(

"7 fene < Hinve vdlive-acns. Can Ldonate?

Acipuinetale s | navelusl hsd supunciure. Gan | dondtsT.
Addicton~ Dhugs. Con | domele'f | have’ svery injectod of takén'drigs?
Age ™ How,does age affect.my abilly to donele? )

i sevaral aleshaic drinks before gainy to-pive bload. Can ) donste?.

‘Ang¥mia.+1 have been snswmic. Can | donate?
| Aigioplasiy = ihave had an sngicplasiy, Can ) donpie?
Aditblatics sk aking anitiosice, Can | dastet

s VidKke an aidepiisari. Cangeiste?;

mwm- -Ull)n orinal heart bisirs l’l smbelhy (I‘dw 10¢ BiabAGHEY gsrt b!l' Cun ) donnc'l
< Athiis m\mm‘m; Con | dariste?

¥ asthima, Can { qu-xe'z

Can | donste?
2845 - Wit [ tested Tory - -

‘, icthe. Can 1 donate?.”

Cln t gonate?

4 {,‘. 18m bisast-foedif. Cain iam'-m
~Canersd wwd sincer, Can | donate?
Ghickon S Thave-chickan b Cah Fdcnsle?

hnq-nm)u birth-of my bcby Canl dorfate?

oy “my.- Naddar removed nldama
: Can I'donata?

Vot

i Ealigl Byt Can Fouater -

Alfergy.- Vi sileciic to one of the followingi dust £ a fosd /2 madicing / aninsedt sting { Rher. Can | dehmtés -,

© ami zngzmh

wny should ) dnnau

T‘h- Duna(h!n Prvcon

Dm-r-nl WRy3 16 danate

te € llaod Donors

omuoa Engtoiny Criteria

LFAQE

Make an sgpatntment lo.
donats”

Informistion Luaflots for
Qonors :

“ieformallon Vidaos Tar *
ofs, .
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Media Statement R NHS

8 November 2010 B’IOO_df and‘ Transp lant

MS033/10

MEICFS sufferers permanently. deferred from glvmg
blood

' . From 1 November 2010, people with:Myalgic Encephalitis/Chronic Fatigue
Syndrome (ME) were permanently deferred from giving blood in the UK.

The change to donor selection guidelines, which applied across all four UK
Blood Services, was as a result of recommendations by the UK Blood-
Services Standing Advisory Committee on the Care and Selection of Donors,
“and Joint Professional Advisory Committee (JPAC).

In the past donors with a history of ME/CFS could give blood, provvded they
. 'had completely recovered and were feeling well.

again, donor selection guidelines were chanqed as-a precautlon to protect the

g_gp,or’s safety. _lzy , ensuring the condition is not made worse by donating bl blood.
" There is no evidence that a donation from a donor with this condition could in

‘. any way harm a patient.

- This change brought donor selection gundelmes for ME/CFS into ||ne with
other conditions where individuals are permanently excluded from blood
- donation to protect their own health. .

Ends

For further information, please contact the NHSBT press office on 0117
. 969 2444, at Qrggsoffige@nhg bt.nhs.uk or out of hours on 07659 133583,

Notes to Editors

» Donor selection gundehnes relating to donor safety are recommended
by the UK Blood Services Standing Advisory Committee on the Care
and Selection of Donors, and-Joint Professional Advnsory Comimittee -
(JPAC)

* The change to donor selection guidelines for ME/CFS.applies across
all four UK Blood Services — NHS Blood and Transplant (NHSBT) for
England and North Wales; the. Scottish National Blood Transfusion

" Service (SNBTS); the Welsh Blood Service (WBS), and the Northern
" Ireland Blood Service (NIBTS)

10of2

NHS Blood and Transplant (NHSBT) is a Special Health Authority in
the NHS. It is the organ donor organisation for the UK and is
résponsible for matchlng and allocating donated organs. Its remit also

includes the provision of a reliable, efficient supply of blood and
associated services to the NHS in England and North Wales

In October 2009 a study from the United States suggested'a link
between the virus XMRV and Chronic Fatigue Syndrome. This was
reviewed and discussed in the relevant advisory committees. Further
studies by the Centres for Disease Control in the US and a number in

_Europe have failed to demonstrate a link between XMRYV infection and
CFS. Currently there is no epidemiological evidence of a link between

i XMRYV and CFS in the UK. The research on XMRV has been .

considered by the relevant UK Blood Services/DH advisory
committees; there is no current evidence of a threat to public health | ln

the UK: and this will be kept under review by those committees in the

L gh: of any new evidence.

20f2 .

120



_'Clinical Center, and’ Harvard Medica¥ School b

m U.S. Food and Drug Administration ,

Homg > Vaccines, Blood B Bioldgics > __e_us__egmm&um Avail

‘Vaceines, Blood & Biclogics

New ‘study on the detection of murine leukemia virus-related virus gene sequences in the biood of patients with

chronic fatigué syndrome (CFS) and healthy blood donors - Questions and Answers: .

. Quﬁtlons and’ Answers:

1, What are murine: Ieukemla viruses?

Murine feukemlia virGses (MLV) are rétroviruses: known to causé cancer in certain mice, In 2006; mvesl’lgat - found that a type of I“IL\I, called:

Xenotropic murine leukernla virus-related virus (XMRV), could potetitially anectAhumans “XMRV.is one of 3 numberof MLVs thet appear tobe -

transmitted to humans,

2. What is CFS?

‘Ghronic fatigue syndrome (CFS) is a debilitating disorder defined-solely by: dmlcal Syimptoms atd:tie-absence of other causes, 1t's unknown what

-causes'CFS.

3. Has MLV or XMRV previously been associated whh CF5 or other disease?

A prevlous study, publlshed in the journal [Lormbardl et. al. 5clence: Qctnber’ 23, 2009 32§

-patients and'a'small percentage of healtfiy blood doriors, However, other studies condi

evldence of XMRV of other MLV-ralated vtruses in CFS patlents..

XMRV was first identifled In tissue samples fromi:some prostate cancer patients in 2006, However, one subsequent s\udy faﬂed toflnd XMRV in. .

prostate cancer tissues, and another study: foufd’ thie virus only rafe!y nsuch ﬁssues

4, What did the hew study-evaluate? ’

' Ihvestigators from the Food.and Drugl(dmln!straﬂon s (FDA) ‘Center. for Bi
d'a study-In {h Jourm

Examings the prsenca of ML\ls In blood coliected from two qroups - pauen!s d:agnosedwlt,h 7S Brid.h

585], reported Nndlng XMRV'I 2 High-percentageof CFS
d: In'the- S, Netherlands, 2 UK did:not detect !

. from 44 heaithy blood doriors collected fnthe Cliffcal, Center Blood-| Bank NIH;: between 2003 an\clf

oneach.samiple that produced positive product: for Ve wof MLV-lika gena:sequer
recently red XMRV were in samplég from 32 of the 37 patlents with CES (86 5%) and'3'ofthe4 ( %) heal!.hy bbadyaonors
that were tested.

Foll w-up safriples were collected from 8-0f the CFS-patients in 2010 and 7 of thesaxgam tested posltlvt for MEV={lke: gene sequences

% hat did the new- s!udy conclude? .

Thigstudy supports’a g Lambarm et al. S¢lerice Octaber 23y 2uo§ 22

0 be present in:thie bloud of people with CFS . The stidy

of @ virus gene-sequences In the blocd; The study a)so showed that MLVIik
heaithy biood- doers. Afthough the sratlslical

CFS.- Further studk

6iAte’ thare sttid

Sorhe previous stui Ps frnm lhs Unlted Sba(es (l

Netherands reported finding:to eviderite

Var!ety ;of factors.{for examp!e, différen

7GunMLVorX"RVb¢ itted by blok

and the results showed that both labs wére able to detect XMRV: present ?
g frnm thelr publlshed fegative. study o DA, who' tﬁéed

\ mean to CF§ pati
gh thls study Iound MLV-like viral gene sequ
CFS >any other disease, Moreover, Bther skidies |
Her MI.V |Ike Wiruses arg repi‘oduqiblv
ol studi

g costravelsr, - The different fir
5 patients from. different ge igral
anisfustons in.animal mod

Hema-Quebec 86t Board meeting summary on XMRV
Tuesday, June 15, 2010

86.1 XMRV

The Vice*Pr,esident, Medical Affairs presented the recommendation of the SAC and the RRAC.
For many years now, Héma-Québec has aécepted donors with a history of chronic fatigue
syndrome (CFS) if they feel well on the day of the donation. As a result of the recent report of
an association between CFS and XMRV (xenotropic murine leukemia virus-related virus),
Héma'Québec management has decided to re-examine this criteria. The diagnostic criteria for
CFS were described briefly: This syndrome is not new. Its manifestations have been reported
for a long time. However, itsvetiolog)‘l remains unknown. XMRV was also described. Its
epidemiology and means of transmission remain unknown at present.- A recent study
identified ‘a .good proportion of -people suffering from CFS as carriers of the XMRV.
Subsequently, three other studies were unable to find positive subjects. In scientific circles,
the first stﬁdy is contested. Furthermore, the conflicting results of these studies cannot be
clearly explained. These conflicting results were then discussed. It was also noted that there
is no medical évidence demonstrating that CFS is transmitted by trénsfusio_n. However, some
organizations have already taken measures in this respect. Specifically, the AABB
recommends indefinitely prohibiting donors who have been diagnosed as infected with the
XMRYV, In the United States, the CFS Advisory Committee recommended prohibiting blood

.donors with CFS, although no measure has been announced by the FDA. As for the CBS, it

has decided to prohibit donors with a history of CFS on a permanent . basis (only if the
information is provided spontaneously by the donor; no question is asked systematically).
Australia and New Zealand have adoptéd the same measures as the CBS. The risk

management options have been reviewed by the advisory committees and, for the reasons ‘

mentioned below, the option of the status quo is recommended by the SAC and the RRAC:

- CFS is not an emerging dxsease.

++ Although several micro-organisms have been studied, no etmlogmal link has been
established between them and CFs. '

. Speclﬁca]ly in terms of XMRY, only one of the four studles found a hnk with CFS.

- Symptomatic donors (with an active illness) are already prohibited.

- There is no evidence that CFS is transmitted through transfusion.

It was also mentmned that the Management Committee tracks XMRV at each meeting.

It was moved, duly seconded and unanimously resolved mmmw&mmm
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platelets (PLTs). Meta-analysis was used to calculate the effect of

Early View 2010 Nov. .
Meta-analysis of the randomized. controlied trials of the hemostatic

efficacy and capacity of pathogen-reduced platelets
based on all available data and to investigate possible reasonis for the

variation in reported findings.
reduction in- 1- and 24-hour posttransfusion corrected count increments

(summary mean difference, 3260; 95% confidence interval [ClI],
2450-4791; and summary mean difference, 3315; 95% Cl, 2027-4603) .

as well as a significant increase in all and in clinically significant
1.11-2.26; and summary OR, 1.54; 95% Cl, 1.11-2.13). The frequency

bleeding complications (summary odds ratio [OR], 1.58; 95% Cl,
of severe bleeding complications did.not differ.

BACKGROUND; A recent independehtlyf_unded randomized controlled
- trial (RCT; Br. J ' Haematoi 2010; 150: 209 - 17) questioned prevailing
_opinion concerning the hemostatic capacity of pathogen-reduced
pathogen reduction (PR) of PLTs on hemostatic efficacy and capacity
Pathogen-reduced PLTs were associated with a significant (p < 0.05)

Transfusion :

Eleftherios C. Vamvakas — Department of Pathology and Laboratory Medicine, Cedars-Sinai Medical Centeal.os Angeles, California.

transfusion-medicine community - must explicitly tolerate to reap the

those -of the -earlier studies. Introduction of PR technologies in their
- benefits from PR.

- current stage of development would result in an increase in mild and
moderate (albeit not severe) bleeding complications, which the

RESULTS: Studies were statistically homogeneous in all analyses.
CONCLUSION: The results of the recent RCT afe' not inconsistent with
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BLOOD COMPONENTS

A krandomized controlled clinical trial evaluatirig the
performance and safety of platelets treated with MIRASOL
pathogen reduction technology

The Mirasol Clinical Evaluation Study Group*

" BACKGROUND: Pathogen reduction of platelets (PRT-
PLTs) using ribofiavin and ultraviolet light treatment has
undergone Phase 1 and 2 studies examining efficacy
and safety. This randomized controlled clinical trial
(RCT) assessed the efficacy and safety of PRT-PLTs
using the 1-hour corrected count increment (CChineu) as
the primary outcome.

STUDY DESIGN AND METHODS: A noninferiority RCT

| was performed where patients with chemotherapy-
induced thrombocytopenia {six centers) were randomly
allocated to receive PRT-PLTs (Mirasol PRT, Caridian-
BCT Biotechnologies) or reference platelet (PLT) prod-
ucts. The treatment period was 28 days followed by a
28-day follow-up (safety) period, The primary outcome
was the CClin, determined using up to-the first eight
an-prorocol PLT transtusions glven during the treatment
period.

* RESULTS: A total of 118 patlents were randomly
assigned (60 to PRT-PLTs; 58 1o’ re'lerence). Four
patients per group did not require PLT transfusions
leaving 110 patients in the analysis (56 PRT-PLTs; 54
reference). A tofal of 541 on-protocal PLT transfusions
wers given (303 PRY-PLTs; 238 reference). The least
square mean CCl was 11,725 (standard error [SE],

erence group (difference, -5214; 95% confidencs inter-
‘val, =7542 to ~2887; p < 0.0001 for a test of the null
hypothesis of no difference between the two groups):
CONCLUSION: The study failed to show noninferiority
of PRT-PLTs based oh predefined CCI criterfa. PLT and
red blood cell utilization in the two groups was not sig-
nificantly different suggesting that the sfightly lowér
CCls (PRT-PLTs) did not increase blood product utiliza-
tion. Safety data showed similar findings in the two

" groups. Further studies are required to determine if the
lower CCI observed with PRT-PLTs translates into an
increased rigk of bleeding.

1.140) for PRT-PLTs and 16,939 (SE, 1.149) for the ref- -
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" ver the past two decades significant progress
has been made to prevent transmission of
viruses and bacteria through blood transfu-
sion including improved donor screening at

the time of donation, intraduction of nucleic acid testing
for virus detection, screening for bacteria, and the diver-
sion pouch used at the time of donation to reduce bacte-
rial contamination.'? In spite of these improvements,
notable risks still remain for transmitting some blood-
borne pathogens. Viral transmission can still occur during
the window period when tests are unable to detect low
pathogen load, because some tests lack optimal sensitiv-
ity, or due to the fact that practical and effective donor
screening methods for certain known pathogens may not

‘be available, Transfusion-associated sepsis due to bacteria

in the blood product also occurs as bacterial testing is not
performed. universally, and current detection systems
are only partially effective at identifying contaminated
products, However, the greatest concern driving the devel-
opment of new technologies to prevent pathogen trans-
mission is the risk of blood supply contamination by new
pathogens, or new strains of known pathogens, for which

.no tests currently exist.’

For more than a decade, research has focused on the
development of safe and effective methods of pathogen

ABBREVIATIONS' DSMB = Data Safety Monitoring Board;

= least square; PRT- PLT(s) pathogen reduction of
platelet(s), RCT =randomized contmlled trial; SAE(s) = serious
adverse event(s). -

From CaridianBCT Biotechndiogies, LLC, Lakewood, Colorado.

Address reprint requests to: Raymond P. Goodrich, PhD,
CaridianBCT Biotechnologies, LLC, 1215 Quail Street, Lake-
wood, CO 80215; e-mail: ray.goodrich@caridianbct.com.

*The members of the Mirasol Clinical Evaluation
(MIRACLE) trial are listed in the Acknowledgments.
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received March 5, 2010, and accepted March 11, 2010,

doi: 10.1111/}.1537-2995.2010.02694.x
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reduction in the ahticipation that these methods would be

effective in preventing transmission of known pathogens
and provide protection against emerging or mutant,

strains or.viruses and bacteria.

:Methods of pathogen reduction for red b]ood cells
(RBCs}, platelets (PLTs), and plasma are currently in-devel-
opment with some of these methods already in clinical
use in Etrope.® Several of these technologies use photo-
chemical agents, which can be activated by ultraviolet
(UV) light resulting in chemical modifications to DNA and
RNA that prevent their replication.**? This renders the
pathogens present irf the blood product incapable of rep-
lication during storage and also. incapable of causing
infectious complications in the patient after transfusion.

-~ One pathogen reduction process for PLTs (Mirasol patho-

gen reduction technology [PRT]; CaridianBCT, Lakewood,
CO), utilizes exposure to UV light in the presence of ribo-
flavin to introduce irreparable lesions to nucleic acids

thereby inhibiting pathogens and white blood cell (WBC) -

replication.’® Riboflavin is a nontoxic and nonmutagenic
compound; hence, it does not have to be removed at the

‘end of the process.™ This technology has been shown to

substantially reduce the active pathogen load'? in PLT
products, and effectively inactivate residual WBCs that
may be present in blood components; hence, there is
strong evidence that this technology prevents transfusion-
associated graft-versus-host disease.??? Laboratory
studies have also documented acceptable metabolic and
functional characteristics as measured by a battery of in
vitro PLT function tests.®?” Hence, with Phase 1 and 2
studies suggesting that this technology appears safe and
effective’ for reducing pathogen transmission,.a larger
clinical study was warranted.

We report on a randomized controlled trial (RCT)
conducted to determine if pathogen-reduced PLTs (PRT-
PLIs) are as effective as standard untreated PLT products
when transfused to patients with chemotherapy-induced
thrombocytopenia with respect to the corrected count
increment 1 hour posttransfusion (CClinour). Tf;e study
was also designed to provide safety information of PRT-
PLTs by documenting all adverse events.

MATERIALS AND METHODS
Study design

This was a multicenter, open-label, parallel-gioup nonin- -

feriority RCT conducted in France by the Etablissement
Francais du Sang and university hospitals (n=6; see

. Acknowledgments), which compared PRT-PLTs and stan-

dard (reference) PLT products when transfused to throm-

- bocytopénic ‘hematology and/or oncology patients. The

study was approved by the central research ethics com-
mittees for the participating centers, and was registered at
hitp:/ /wwwiclinicaltrials.gov (NCT00263809) and at the
AFSSAPS official trial site.

MIRASOL CLINICAL EVALUATION TRIAL

Study population

There was a two-stage process for assessing patient eligi-
bility. In Phase 1, patients were deemed eligible for further
assessment if they met the followihg inclusion criteria: age
16 years.or older; thrombocytopenia due to chemotherapy,
malignant hemopathy, allogeneic or autologous hemato-

" ‘poietic stem cell transplantation; or diagnosis of a solid

tumor with expectation to receive at least two PLT transfu-
sions; and being treated as an inpatient. Eligible patients *
were excluded if one or more of the following criteria were
satisfied: pregnancy, lactation, splenomegaly, and history
or diagnosis of an autoimmurie disease affecting hemosta- -
sis: Patients meeting the Phase 1 eligibility criteria were
approached for informed consent. The rationale and
objectives of the study were explained to patients by the
site investigator or coinvestigator. Informed consent was
required from all participants in accordance with the Dec-
laration of Helsinki. Consenting patients underwent a
Phase 2 screening process to confirm eligibility. Patients
were excluded if any of the following criteria were present:
positive serum or urine pregnancy test within 72 hours of
randomization; history of hypersensitivity to riboflavin or
metabolites; history of refractoriness to PLT transfusion.
(two successive CClnour < 5000); presence of HLA antibod-
ies, positive lymphocytotoxicity test, or previously docu-
mented alloimmunization to PLTs (as per individual site
testing protocols); active bleeding requiring one or more-
RBC transfusions; acute or chronic disseminated intravas-
cular coagulation; history of a diagnosis' of immune/ :
idiopathic  thrombocytopenic *~ purpura, - thrombotic
thrombocytopenic purpura, ot hemolytic uremic syn-
drome; history of solid organ transplant; evidence of veno-
occlusive disease; temperature of more than 39.5°C and/or
signs of infection; enrollment in a pathogen reduction
clinical trial within the previous 6 months; exposure to any
other investigational productwithin 30 days of randoriiza-
tion; taking study-prohibited medications within 14 days
of randomization (see Supporting Appendix S1, available
as supporting information in the online version of this
paper); evidence of chronic alcohol misuse;?® and any
other medical condition that " could cornpromise
participation,

Patients meeting the Phase 2 ehglbmty criteria were
randomly assigned to receive reference PLTs or PRT-PLTs,
The random treatment allocation scheme involved strati-
fication by center and blocking and was computer gener-
ated by the coordinating center (MedPass International,
Paris, France). Patient allocation was performed at each
site using opaque envelopes containing the treatment
assignment. Due to the slight yellow color of PRT-PLTs the
study could not be conducted in a double-blind manner;
however, those individuals assessing PLT counts and
performing patient assessments were blinded to the
patient’ s treatment allocation.
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THE MIRASOL CLINICAL EVALUATION STUDY GROUP *

The following data were collected at the initial ran-

. domization visit: height, weight, vital signs, concomitant
treatments, and laboratory test results (D-dimer, albumin,
alkaline phosphatase, alanine aminotransferase [ALT],
blood urea nitrogen, lactate dehydrogenase [LDH], potas-
sium, total protein, fibrinogen, creatinine, urea, bilirubin,
complete blood count, and lymphocytotoxicity testing).

Blood samples were also collected for detection of photo-

products and necantigen formation (results reported in a
separate article).?®

Interventions
Reference and PRT-PLT products were collected by apher-
esis (Trima Version 5.0, CaridianBCT) or prepared from
butfy coats using pools from six whole blood collections
using the OptiPress (Fenwal, Inc., Round Lake, IL) device
with a- top-and-bottom separation process and conven-
tional PLT pooling methods. All PLTs were leukoreduced in
accordance with French requirements (residual WBC
content below 10%/product in >97% of production).
Product requirements included: volume of 170 to 360 mL,
concentration of 1180 X 10° to 2100 x 10° PLTs/L plasma,
and minimum-maximum PLT yield of 3.0x 10" and
5.1 x 10" PLTs, respectively. All products were suspended
in plasma and stored at 22°C with -agitation for a
maximum of 5 days. Products that failed requirements
(see Supporting Appendix S2, - available as supporting
information in the online version of this paper) were not
used in the study.
The PRT-PLTs were prepared using MIRASOL PRT.
After the rest period (2 hr postcollection of apheresrs PLTs
"and 1 hr postpreparation of buffy coat PLTs), the PLTs were
transferred into an illumination/storage bag and ribofla-
vin solution was added (500 umol/L, 35 + 5 mL), The bag
was sealed using the MIRASOL PRT Welder. The product
was placed in the illuminator and éexposed to light at
6.24]/mL* and then labeled "Exclusively for Clinical
Investigation.”

The recommended transfusion trrgger was 10 x 10°/L
" when clinical risk factors were absent; 20 x 10°/L when
there was fever, hypertension, evidence of Grade 2
mucositis; lesions with bleeding potential and/or a rapid
decrease in PLT count occurred within 72 hours; and
50 x 10°/L if antithrombotics were administered, if there
was evidence of fibrinolysis or coagulopathy, or invasive
surgery was required.? Patients could withdraw from the
study at any time or could be withdrawn at their physi-
cian's discretion based on clinical or laboratory findings
that suggested that participation may not be in the

patient’s best interest.
The treatment period started at the time of random-
ization (Day 0) and continued for a maximum of 28 days.

The following reasons accounted for patient termination

before Day 28: no need for additional on-protocol PLT
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transfusions, withdrawal due to an adverse event, with-
drawal of consent, last to follow-up, transfer to another
hospital service (e.g., intensive care unit), or death. After
the treatment period, a safety follow-up period began with
Day 1 being the day after the last on-protocol transfusion
in the treatment period continuing for 28 days (range,

" 23-42 days considered acceptable), day of withdrawal

(adverse event/withdrawal of consent), lost to follow-up,

or death, whichever occurred first. A transfusion was'.
. defined as off-protocol if 1) the product did not meet the

prespecified critéria (defined above), 2) a patient random-
ized to PRT-PLTs received a non-PRT-PLT product, or 3) 2
PIT transfusion was given outside of the 28 day treatment
period.

Product information collected with each on—protocol
transfusion included weight (g), PLT count, ABO-group,
collection and/or manufacturing method, whether the

- product was 'gamma irradiated, transfused volume, and
date and time of transfusion. Patient information for

each on-protocol PLT .transfusion was collected before
and 24 hours posttransfusion and included weight, vital
signs, -evidence of bleeding, concomitant treatments,

creatinine, urea, bilirubin, and complete blood count.

Similar documentation occurred at 1 hour posttransfu-
sion with the exception of creatinine, urea, and bilirubin.
At the end of the safety follow-up period the same
assessment was performed as the pretransfusion assess-
ment. Bleeding assessments for on-protocol PLT trans-
fusion were performed by hospital staff (physicians
or nursing staffy who were appropriately trained to
score according to WHO bleeding assessment criteria,®
This included a physical examination for signs and

. symptoms of bleeding and a review of the’ patient’s
chart “for documentation of bleeding. A bleeding

assessment was -also performed - at the. last study
follow-up visit.

Study outcomes

The primary efficacy outcome was the CCljpou measured
30 to 90 minutes posttransfusion for each of a maximum
of eight.ofi-protocol PLT transfusions per patient occur-
ring within the 28-day treatment period. The patient’s
pretransfusion PLT count for this caleulation had to be
measured within 12 hours of the transfusion, Transfusions
where- the 1-hour measurement was taken 30 to 90
minutes posttransfusion were considered time compliant.

Measurements taken within 0 to 120 minutes posttransfu-.

sion were also analyzed as an extended time period.
Transfusions with measurements taken after 120 minutes
were not.included in these analyses. CCI was calculated
using the formula '

___ Post—precount (x10°/L)
Platelet dose transfused (x10'')

x BSA*

*BSA(Body Surface Area)
=0. 0202457 % Heighth® x Weightf®.

Secondary outcomes mcluded CClaahour (specimens
collected 18-26 hr posttransfusion were considered time
compliant and. 1530 hr posttransfusion defined the
extended time period), interval between transfusions,

number of PLT and RBC transfusions per subject during

the treatment period, number of PLTs transfused normal-
ized by body surface area and for the.number.of days in
the treatment period; evidence of refractoriness (two con-
secutive transfusions with a CClineur < 5000}, frequency of
transfusion associated infections, -and bleeding (WHO
Grades 1-4).

Safety outcomes-were captured during the treatment
and follow-up periods including adverse events, serious
adverse everits (SAEs), bleeding status on days of PLT
transfusion, transfusion-associated infections, and death.
Adverse events were categorized as mild, moderate, or
severe. The causal relationship was classified as unrelated,
unlikely, possible, prabable, or highly probable (see Sup-
porting Appendix $3, available as supporting information
in the online version of this paper), Adverse events were
coded according to the. Common Toxicity Criteria Scale
(CTCAE Version 3.0/MedDRA Version 6.0, MedDRA MSSOQ,
Chantilly, VA). All SAEs were reported to the coordinating
center within 24 hours of the event being identified and to
other relevant authorities. Alloimmunization 10 neoanti-
gens was also assessed with results reported in a separate
publication.?® :

"Svampl,e size

It was estimated that the mean CClinw in the reference
group would be 14,700 (standard deviation {SD), 5200;
based on the results of the TRAP study).”’ With a Type 1
errot of 2.5% and power of 80%, it was determined that 50
patients would be required per group to claim noninferi-
ority of PRT-PLTs compared- to standard practice with a
noninferiority margin of 20% (CCI difference of 2940). This
sample size was'increased to 118 to accomnmodate some
loss to follow-up. If the lowér limit of a two-sided 95%
confidence -interval (CI) for the difference. (PRT-PLTs—
reference) in mean CClinou, is above -2940, nonmferlonty
would be demonstrated.

Data Safety Monitoring Board

_The Data Safety Morﬁtoring Board (DSMB) was composed 7

of two transfusion medicine experts, one biostatistician,
and one physician, all independent of the study sponsor.
The DSMB monitored unblinded safety and performance
data, made recommendations related to protocol changes
and continuing/stopping the study, and reviewed all SAEs

MIRASOL CLINICAL EVALUATION TRIAL

providing their final adjudication. An interim analysis was _

planned a priori and performed by an independent group
after 54 randomized patients’ completed follow-up;
however, formal stopping rules were not specified a priori.

Statistical analysis

Descriptive analyses were coriducted for the demographic
and clinical variables. Continuous variables were summa-
rized by their means and SDs and categorical variables by
frequencies and percentages. The frequency of on-and
off-protocol transfusions was tabulated.

The primary and secondary outcomes (CClynour and
CClaanour, respectively) were_analyzed using a mixed-
effects analysis- of covariance model with a random
patient "effect to accommodate the association in the
responses within patients over multiple transfusions and
controlling for pretransfusion PLT count and treatment
group.® For each treatment group, least square (LS)
means and standard errors (SE) were reported based on
fits using computer software (PROC MIXED, SAS 9.1.3,
SAS Institute, Inc,, Cary, NC) and compared between
treatment arms. By recognizing that responses to. serial
transfusions may not be independ'ent/within patients,
this approach recognizes all sources of variability and

ensures valid inferences. Analysis included up to the first.
- eight time-compliant on-protocol’ PLT transfusions

received during the treatment period for all randomized
patients who received at least one transfusion. A second-
ary analysis also included transfusions where posttrans-
fusion measurements occurred wrtrun the extended time
period.

Interactions between treatment group and pretrans-
fusion PLT count were. tested to examine whether there
was evidence that the effect of PRT-PLTs varied for differ-
ent pretransfusion PLT counts. Similar tests were carried

" out for interactions between response and site to test for

the poolability of data across sites.

A mixed longitudinal logistic regression model**:was
also fit to assess the effect of PRT-PLTs versus reference
PLT products.on achieving a 7500 CCI 4t I hour and 4500
CCE at 24 hours posttransfusion® Pretransfusion PLT
count and a random patient effect were included in this
model with the latter accounting for an association in the
responses over time. Frailty models were fit to estimate the

" distribution of times between transfusions while account-’
-ing for the within-patient dependence in the gap times.*

All p values for secondary outcome comparisons were
two-tailed tests. Adverse event data were summanzed in
tabular form and analyzed descriptively.

The primary and secondary analyses were repeated in
a post hoc subgroup analysis of 95 patients. This subgroup

_ was obtained by excluding 15 patients with incomplete

data (eight receiving reference PLTs and seven receiving

. PRT-PLTs) after discussion with the DSMB,
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RESULTS

Six centers enrolled 118 patiénts into the study between
December 2005 and September 2007: 60 patients received
PRT-PLTs and 58 received reference PLTs. Four patients in
each treatment group did not receive PLT transfusions
leaving 110 patients that could be included in the
intention-to-treat analysis, There were'10 of 110 patients
who withdrew from the study before Day 28 in the treat-
ment period (six in the PRT-PLT arm; four in the reference
arm); hence, the proportion of patients completing the
treatment period in the PRT-PLT group was 91.1% (51/56)
and 98.1% (53/54) in the reference group. Data from these
10 patients were included in the analyses up until the time
of their withdrawal. The proportion of patients complet-
ing the safety follow-up period was 73.2% (41/56) for PRT-
PLTs and 81.5% (44/54) for the reference arm (median
durations both study. periods being 45 and 44 days,
respectively). Patient flow through the study is summa-
rized in Fig. 1.

Baseline demographics for the study patients were

_similar between tlie two groups and are summarized in

Table 1. Other baseline characteristics were documented
(data not shown) and showed a similar distribution in
both groups (physical findings, vital signs, complete blood
count, fibrinogen, albumin, alkaline phosphatase, ALT,
creatinine, urea, direct and total bilirubin, blood urea
nitrogen, LDH, potassium, and total protein),

There were a total of 678 PLT transfusions given to
patients during the study period: 368 PRT-PLT transfu-
sions (303 on-protocol; 65 off-protocol) and 310 reference
group transfusions (238 on-protocol; 72 off-protocol). The
frequency of off-protocol PLT transfusions was. 17.7% for
PRT-PLTs and 23.2% in the reference group. Criteria for
off-protocol transfusions were prespecified in the
protocol; however, the data collection process did not
capture the reason.

The prespecified primary outcome analysis_ for ‘the
CClinowr was based on a maximum of eight PLT transfu-
sions per patient occurring in the 28-day treatment
period: 258 for PRT-PLTs and 209 for the
reference group (total 467). The test for
homogeneity of treatment effects
between sites for the CClj,u was not
significant (p = 0.1728), indicating that

data from all sites could be pooled to
estimate the treatment effect. The LS
‘mean CClinowr in the PRT-PLT group was
‘11,725 (SE, 1140} and in the reference

Allocated to PRTvPLTs )

60)
Received a"ocnled intervention .

Reason: PLT transfusions not
required required

Allocated to reference PLTs

group 16,939 (SE, 1149), a difference of

(n=58) -5214 (95% - Cl, -7542' to -2887;

Received allocated intervention
(n=354)

(e 56 k ere.
Did ot receive allocated intervention Did not receive allocated intervention |  includes the prespecified upper limit of
(n=4) e ) honi

the zone of honinferiority (set at 20% of .

=
Reason: PLT transfusions not.

p <0.0001). The CI for the difference

the mean CCI anticipated in the refer-

|

ence group, which was 2940); hence,
noninferiority could not be - claimed
since to do so would have required the
Iower limit of this CI to be above -2940.

Lost to follow-up (n= 0)

.| Discontinued intervention

1-other 1 - death

(= 6) (n=4)
o () |

2 - withdrew consent

3 - deaths. fulfilled

Lost to follow-up (n=0)

Discontinued intervention

3 - phase 2 selection criteria not

The CClinouwr was also calculated for the
extended time period, adjusted for pre-

able) and site (Table 2). The CClinou data

period transfusions are. illustrated in

Fig: 2 using box plots.

Analyzed {n= 56 )

Anslyzed (n= 54)

Secondary outcomes

transfusion PLT count (continuous vari- -

for time-compliant and extended time

Excluded from analysis (h=0)
NOTE: Data from withdrawals
was included in analysis up until
time of withdrawal

Fig. 1. CONSORT flow diagram sh

Analysis

-] time of withdrawal

Excluded from analysis (n=0)
NOTE: Data from withdrawals
was included in analysis up until

hrough the study from

g the flow of p

the time of randemization to-analysis.
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The CClzanour Was-analyzed according to
the time-compliant and extended time
periods and adjusted for pretransfusion
PLT count as a continuous variable and
site. The test for homogeneity of the
effect of treatment between sites for the
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TABLE 1. Bassline characzer)s!ics for the paﬂents In the PRY-PLTs and reference group

Traatment arm X -

Demographic characteristic PRT-PLTS (n = 56) - . Roference (n = 54)
Median age, years (range) 58 (20-73) 53 (20-74)
Sex (male/female) © .32/24 . . . 34/20
Median height, m (range) 1.7 {1.5-1.88) 1.7 (1.51-1.98)
Metdian weight, kg (range) 715 (46.3-121.0) 73.5 (45.0-110.3)
ABO blood group, number (%} i

A i . 30 (53.6) X 32 (59.3)

8 5(8.9) § (11.1)

o) 21 (37.5) - 16°(29.6}

AB 6 (0.0) ) 0 0.0)
Diagnosis, number (% .

Acute lymphocytic leukemia 2 (3.6} 2(3.7)

. Acute myelogenous ieukemia 26 {46.4) | 27 (50.0)
Multiple myeloma 4(7.1) . 2(3.7)
Non-Hodgkin's lymphoma 19 (33.9) | 18 (33.3)
Hodgkin's Iymphoma 1{1.8) 3(5.8)

Other* 4(7.1) . 2(3.7)

Mean (SD duration of thrombocytopenia), dayst 18.3 (7.2) . . . 148 (7.0)
Median (range) basaline test results -

Hemogobin (g/dL) 9.5 (8-14) 9.5 (7-15)

PLT count (x10°L) 42.5 (8-479) . 3 43.0 (6-206)

WBG count (x10%L) . 1,05 (0-14) 1.30 (0-51)

* Other includes severe ldlopath:c medullary aplasia (1), bip

1 During treatrierit period:

ic acute
refractive anemia- with excess biasts (2), and mediastinat teratocarcinoma (1).

ia (1), chronic lymphocytic leukemia (1), myelodysplasia-

TABLE 2. Summary CcCl values by treatment group based on the first eight on-protocol transfusions (primary

) and all on protocol PLT transfusions within the treatment period*

QOutcome Sl PRT-PLTs . Reference PRT-PLTS minus Reference
CCl—continuous outcome: °~  Number LS mean (SE) Number © LS mean {SE) Difference ©95% Cl _.p value
Analysis based on the.first eight on-prolocol transfusions within the 28-day treatment period . .
CClinour . T

Time compliant. - ) 185 11,725 (1,140) 164 16,939 (1,149) ~-5214 (-7542'10 -2887) .~ <0.0001

Extended time . 216 11,766 (1,072) 174 17,170 (1,057) -5404 (-7721 to -3088) <0.0001
CClatoor . ’

Time compliant ' 178 6,676 (883) 160 9,886 (915) -3210 (-5160 to -1260) 0.0014

Extended time 209 6,998 (811) 179 10,385 {811) ~-3387 (-5232 to ~1542) 0.0004
Apalysis based on all-on-protocol transfusions within the 28-day treatment period ) :

CClinour 273 - 11,005 (962) <220 16,614 (977) -5609 {7791 to -3427) <0.0001

CClaamow e 267 7.162 (831) 21 10,070 (839) =-2807 (-4802 10 ~1013) 0.0027
CCl—dichotomous outcome Number Number (%) Numbar Number (%) - OR 85% Cl . . . pvalue
Analysis based on the first eight on-protocol transfusions within the 28-day treatment period : -
Time compliant . ’ . ) .

CClinose > 7800 - . 195 138 (71.3) 164 138 (84.1) 0.284 (0.108 to 0.767) 0.0130

CClzanaw > 4500 ' 178 103 (58.9) 160 109 (68.1) 0.481 (0.211 to 1.098) 0.0822
Extended time i .

CClinowr > 7500 218 151 (69.9) 174 147 (84.5) 0.233 {0.081 to 0.667) 0.0067

CClzanow > 4500 209 118 (56.5) 179 120 (67.0) 0.423 {0.189 to 0.945) 0.0360

* Resuits for the first-elght on-protocol transfusions are also presented using CCl as a dichotomous outcome.

CClasnour was not significant (p = 0.1336) allowing for data
to be pooled. The LS mean for time-compliant CClasmour
was 6676 (SE, 883) fi))' the PRT-PLTs and 9886 (SE, 815} in
the reference group (difference, ~3210; 95% CI, -5160 to

" <1260). The CClygnour Tesults are summarized in Table 2

and Fig. 2. Table 2 also contains the results of the mixed
logistic regression models and reports the odds ratios

'(ORs] for achieving the desired CCI increment (7500 and

4500 for CClinour and CClignoun respectively). The odds of
achieving a successful response is significantly lower in

the PRT-PLTs arm for the CClinow among time-compliant
transfusions (OR, 0.284; 95%CI, 0,105 to 0.767; p:= 0:0130) -
but not significantly lower for the CClamosr antong time-
compliant transfusions (OR, 0.481; 95% CI, 0.211 to 1.098;
p =0.0822). Similar resuits were found when considering
transfusions within the extended time period although the
24-hour CCI result becomes significant in this analysis.

A meaningful interval between transfusions was dif-
ficult to calculate as patients in both treatment groups had
off-protocol transfusions within' the treatment period.
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means (the mean of the raw CCI values). The height of the

‘When both on- and otf—protocol transfusions within'the .

-28-day treatment period are included in this analysis the
mean number of days between transfusions was 2.16 (SD,
1.69) for PRT-PLTs and 2.30 (SD, 1.48) for the reference arm
(p ='0.2903). The ‘mean number of PLT transfusions per
patient-day during the treatment period (includes on-

and off-protocol transfusions) was ‘not significantly

different: PRT-PLTs 0.24 (SD, 0.16) and reference group
0.20 (SD, 0.19; p = 0.2046). Summaries of secondary out-
comes are given in Table 3. None of the differences
observed were significant. . .

RBC requirements were similar in the two groups. In
the PRT-PLT group 183 RBC units were transfused in the
treatment. and follow-up periods: 155 were given in the
treatment period with a mean (SD) per patient of 2.8 (1.7).
In the reference group 142 of 160 RBC units were given in
the treatment group with a mean per patient of 2.6 (2.4;
p=0.7257).

Alloimmunization and refractoriness

Two patients in the PRT-PLT group (3.6%) became alloim-.

munized and four patients in the reference group (7.45%)
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developed HLA antibodies (p =0.4336; Fisher's exact).
Only 5 of 110 patients (4.5%) became refractory during the
study: three (5.4%) in the PRT-PLT group and two (3.7%) in
the reference group (p = 1.0000; Fisher’s exact).

Infections -

There were a total of 88 infectious adverse events reported
in 58 study patients. In the PRT-PLT group 45 infections

. were reported in 28 patients (1.61 infections/patient): Six

infections -were categorized. as severe adverse. events:
cytomegalovirus (CMV; .1), Klebsiella (2), Escherichia
urinary tract (1), infection (1), and sepsis {1). The one

patient who developed CMV infection had positive CMV

serology before stem cell transplantation and transfusion.
In the reference group there were 43 infections in 30
patients (1.42 infections/patient): nine of these were cat-

egorized as severe adverse events: bacterial infection (1),.

bacterial sepsis (1), bronchopulmonary - aspergillosis
(13, Clostridium colitis (1), Clostridium difficile colitis (1),
herpes virus infection (1), urinary tract infection entero-
coccal (1), sepsis (1), and septié shock (1), but none were

considered transfusion related. There were no significant

MIRASOL CLINICAL EVALUATION TRIAL

TABLE 3, Summary of the characterlstlcs of the PLT transfusions and the secondary outcomes related to
PLT transfusion

PLT transfusions

On-protocol, limited to first
eight transfusions within the
28-day treatment period

On protocol, within the 28-day
treatment period

Qutcome/characteristic PRT-PLTs Reference p value PRP-PLTs Reference p value:
Total number of PLT transfusions 258 209 303 238
Number of apheresis PLT transfusions (%) 180 (69.8) 149 (71.3) 224 (73.9) 178 (74.8}
Number of buffy coat PLT transfusions (%) 78 (30.2) 60 (28.7) 79 (26.1) 60 (25.2)
Median number of PLT transfusions/patient {range) 4.0 (1-8) 3.0 (1-8) 4.5 (1-21) 3.0 (1-19)
Mean (SD) PLT dose transfused (x10"") - - 5.37 (2.14) 5.38 (2.10) 0.9615 5.23 (2.09) 5.22 (2.02) 0.9867
Mean age of product at transfusion (days) 28 (11 26 (1.9) 0.0891 27 (1.1 2.6 (1:1) 0.2210
Total number of ABO-mlsmalched transfusions (%) 41 (15.9) 37 (17.7) 50 (16.5) 40 (16.8) :
Major mismatch, 39 (15.1) 32 {15.3) 46 (15,2} 35 (14.7)
Minor mismatch 2(0.8) 5 (2.4) 4(1.3) T 5(2.9)
Number. (%) of transfusions CClmew compliant 195 (81.9) 164 (85.4) 222 .(81.3) 185 (84.1)
Number (%} of transfusions CClzenw compliant 175 (75.8) 160 (83.3) 196 (73:4) 173 (82.0)
Mean (SD) interval between PLT transtusions* 232 (1.79) © 272(1.44) 0.0107 2.16 (1.69) 2.30 (1.48) 0,2903

* The mean (SD) interval between PLT transfusions is calculated based on both on- and off-protocol transfusions.

TABLE 4, Summary of the r

with different grades of
WHO bleeding and mean rates of all and severe adverse events’

bleedirig, two had Grade 3, and one had
Grade 4. The Grade 4 bleed was geni-

. ‘ . PRT-PLTs
Bleeding by WHO grade and adverse event rates {n = 56)

_All analyzable patients (n = 110)
Reference
(n=54) p value

tourinary and the patient completed 41
‘studi' days. The numbers of bleeding
‘events by grade are summarized in

Number of sub]ects with bleeding episodes .

Grade 1 . 28
Grade 2 . 1
Grads 3 . 4
Grade 4 2
Grade 1-4 ) . 33
Grades 2-4 T . 12
Grades 3 and 4 ' 6
Mean (SD) rate* . .
All adverse events 0.28 (0.19)
Severe ‘adverse events 0.07 (0.17)

1

N

0.23 (0.16) .0.144
0.04 (0.06)  0.171

Table 4.
] 0.128 The results of the pnmary and sec-
s 8176 | ondary endpoints are also summarized O
1 1.000 for the 95 patients that were included in
3 0127 | -the post hoc subgroup- analysis (see
; g:i;g Supporting Appendix S4, available as

supporting information in the -online
version of this paper). For the primary -
endpoint {CClinew) noninferiority. was

* Total number of events/duration of treatment period and follow-up period.

not. demonstrated. For all secondary

differences in the proportion of patients with one or more
infections (p = 0.5731; Fisher’s exact test), and the mean
number of infections/patients/group {(p = 0.4571). Table 4
summarizes rates of adverse events-and SAEs.

Bleeding outcomes - .

Bleeding assessments were only performed for
on-protocol PLT . transfusions with asséssments done
before transfusion, after transfusion at ! and 24 hours, and

on the final follow-up visit. There were 19 patients with
WHO bleeding of Grade 2 or higher: 12 patients in the -

PRT-PLT arm {21,4%) and seven patients (13.0%) in the
reference group. Eleven subjects receiving PRT-PLTs had
Grade 2 bleeding, four had Grade 3, and two had Grade 4
(both central nervous system bleeding: one patient died
on Day 17 and one patient completed the study). In the
reference group there were five patients with Grade 2

endpoints the results were very similar
to the analysis including all 110 patients.

Safety outcomes .

All' patients receiving PRT-PLTs and 98 1% (53/54) of
patients in the reference group had at least one reported
adverse event; however, the majority of adverse events
were niot related to the PLT products transfused (Table 5).
There were five adverse events (five patients) in the PRT-
PLT group that were categorized as “possible, likely, or very
likely” and eight adverse events (five patients) in the ref-
erence group that fell into these categories, For the severe
adverse events two patients in the PRT-PLT group (1.8%)
had events that were “very likely” related to a transfusion-
and two patients in the reference artn had events catego-
rized as “very likely" related. These patients developed
anaphylacticshock (one reference patient), hypersensitiv-
ity plus eyelid edema (one reference patient), and refrac-
toriness to PLT transfusions (one PRT-PLT patient). There
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TABLE 5. The ber and fr of a ts, severe
adverse events, and SAEs by relationshlp to translusion

PRT-PLTs .Reference
Adverse events categorized by relationship to trans!usion {n=56) (= 54)

Adverse events -

Relationship of adverse ‘event to study transfusiont ' ’
None 100 (90.9) 86 (95.6)

Unlikely . 7 (6.4) 1(1.1
Possible . 1(0.9) 0 (0:0)
Likely 0(0.0) 0(0.0)
Very likely ) ) 2(1.8)§ 3(33)
SAEs : . -
Subjects with at least one adverse event 13 (23.2) 11 (20.4)
Total number of adverse events 17 14 :

Relatlonship of adverse event to study transfuslon'n

None : 12 (70.6) 12 (85.7)
Unlikely s 5 (20.4) 1),
Possible 0(0.0) 0(0.0)
“Likely : 0(0.0) 0(0.0)
Verylikely | . 0{0.0) 17,

.

Data are reported as number (%). A severs adverse event was defined as any unto-
ward medical occurrence In a subject causing severe discomfort and significant impact
on the patient's usual activities and requiring treatment. A SAE Included ong or more
of the following: death; serious deterioration in the sublects health resuiting in life-
threatening illness or injury, permanent impairment of body structure or function, pro-
longed hospi , Of rgical Intervention; and failure to complete the
transfusion. .
As reported by the investigator; percentage based on'the number of adverse events
reported in eachtreatment arm.

. As reported by the investigator; pefcentage based on the number of severe adverse
events reported in each treatment arm.
Refractoriness to PLT transfusion.
One patient developed anaphylactic shock during the transfuslan one pauen( devel-
oped hypersensitivity during one transfusion and eyelid edema durlng another
transfusion.

1 As reported by the Investigator; percentage based on the number of SAEs reported in

each treatment arm:
** One patient developed anaphylactic shock during the transfusion.

o

=w

Subjects with, at least one adverse event . 56 (100) 53 (98.1) -
Total number of adverse events 654 507

" Relationship of adverse event to study transfusiont
None 596 (91.1) 477 (84.1)
Unlikely - . 53 (8.1) 22 (4.3)
Possible -3(0.5) 2 (0:4)
Likely g 0 (0.0) 3 {0.6)
Very likely 2 (0.3) 3 (06)

Severe adverse gvents .

Subjects with at least one adverse event 38 (67.8) 30 (55.6)
Total number of adverse events 10 80

DISCUSSION

This study was designed to determine
whether the CClino. for PRT-PLTs was
noninferior to. untreated PLT products.
CCl was. selected as the primary
outcome because this has been the
outcome historically used for licensing
of new PLT products treated with PRT
methods in Europe.!” When planning

the -study, noninferiority would -be

claimed if the mean CCliouw Of the
pathogen-inactivated product did not

exceed a reduction-in mean CCI of '

more than 20% of the value observed
with untreated PLTs. The study failed to
demonstrate noninferiority for -either
the CClipow (primary outcome) or the
CClamour (secondary outcome), Wh
pathegen inactivation of PLTs results in
a lower CCl is not clear; however, this
has been a consistent finding in several
other studies. In a. crossover RCT
enrolling normal subjects, Aubuchon
and colleagues® found that PRT-PLTs
had a reduced mean_ survival (16.5%
lower) and recovery (38 hr less) com-
pared to untreated PLT product. The
SPRINT study using amotosalen HCL
(8-59) and UVA light to pathogen inac-
tivate also reported lower CCls at both
1 and 24 hours with the pathogen-
inactivated PLT products. The mean
CCIs per treatment group reported

" in the SPRINT study were almost iden-

tical to the values observed in this
study.'?
Meétabolic activity and expression

of activation markers increase in PRT- -

PLTs during storage;*® hence, one could
hypothesize more rapid utilization of

. these cells at sites of injury or damage,
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- Number
of patients

Overall
PRT-PLTs
Number  Number
of AEs

Reference

Number
of AEs  of patients

Number

of patients

PRT-PLTs

Number

;r-#LT and reference groups by treatment and

of AEs

Follow-up periodt

Reference

Number

Number

follow-up period
Number
of AEs  of patients

of patients -

PRTPLTS

of AEs

events by organ system/disorder for the PR

Treatment period*
Number,

Number

Reference

Number

-of AEs . of patients

were five thrombotic events reported; however, none was
related to study transfusions: one event occurred in the
PRT-PLT arm (pulmonary embolism) and four occurred in
patients receiving reference PLTs (cerebral vascular
thrombosis {1}, myocardial infarct (1), jugular vein throm-
bosis (1], and veno-occlusive disease {1]). A summary of all
adverse events and severe adverse events categorized by
organ system are summarized iri Table 6. THe frequencies
of all adverse events and SAEs were similar-between both
treatment arms. Most adverse events were categorized
according to the following organ systems: gastrointestinal,

general disorders and administrative site conditions, and -~

" blood and lymphatic disorders.
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due to their increased activation status, Similar effects
have been seen with dimethyl sulfoxide-cryopreserved
PLTs; however, despite ‘demonstrating highly elevated
levels of P-selectin expression and other activation
markers,*** significantly increased degranulation,* and
significantly lower levels of recovery in circulation, the
cryopreserved PLTs were associated with less bleeding,
fewer transfusion support.needs, and fewer complica-
tions compared -to conventional, liquid-stored

" PLTs.¥%$34 These findings emphasize the need for

studies assessing the clinical impact of pathogen-
inactivated. PLTs that can clearly eluadate the relevance
of the in vitro findings.

y of the |

TABLE 6.

Adverse event by organ system/disorders
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and

y, thoracic, and.

Reproductive and breast

d: blood creatine increase; weight increase.

and PRT-PLTs reached significance.

i to day of last on-protacol PLT transfusions. .
day after the last on-protocol PLT transfusions and up to study discontinuatior/completion date.

time p

period
adverse event.

Skin and subcutaneous tissue

fromune system

fnfections and infestations
njury/poisoning/procedural
Nervous system
'Psychlatric

Renal and urinary
Vascular

* Hepatobiliary

+ Follow-up period

E
§.C
AE
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Although the mean CCl values for both 1 and 24 hours
were lower with PRT-PLTs, the mean values for both deter-
minations were above the 7500 and 4500 thresholds,
respectively, that have been used to define successful
transfusions.* At 1 hour posttransfusion, 71.3% of the
pathogen-inactivated products resulted in successful
transfusion increments compared to 84.1% in the refer-
ence group. At 24 hours posttransfusion the proportions
successful were 58.9% for PRT-PLTs and 68.1% for refer-
ence PLTs. Although the percentages of suctessful trans-
fusions are lower than desired (both groups), they are
within the ranges reported in other PLT transfusion
studies raising questions as to why 30% to 40% of PLT
transfusions are not considered successful ‘based on
current established thresholds.*** Patient factors that
affect increments and product variability may explain part
of this failure; however, our understanding of these. poor
responses is still limited. Because of this observation, the
sensitivity of the CCI as a clinical outcome measure could
be questioned and indeed many studies have now used

" bleeding as their primary cutcome. 2445

The time to next transfusion and overall blood
product utilization analyses provided information about

“ the resource implications of using PRT-PLTs. The time to
. next transfusion was determined for both study groups;

however, there were limitations with this analysis as
on-protocol transfusions during the treatment period
were not always consecutive; hence, the interpretation
was problematic. The overall PLT and RBC utilization in
the two study groups was not significantly different, sug-
gesting that the lower CCIs with the PRT-PLTs did not

" translate irito significantly higher blood product use.

Safety information using PRT-PLTs was also obtained

from this study. The study was designed to capture all.

adverse events regardless of whether they were related or

.unrelated to the transfusion of PLTs. Over 1100 adverse

events occurred during the treatment and follow-up
phases of the study, indicating the severe degree of
illness and complications that occur in this patient
population. However, only four patients had adverse
events (two with PRT-PLTs and two with reference) that
were categorized as having a very likely relationship to
PLT transfusion. The two events in the PRT-PLT group
were refractoriness to PLT transfusions, The events in the
reference group included anaphylactic shock during a
transfusion, hypersensitivity, and eyelid edema. Al
adverse events were categorized by organ system. and/or
disorder. The most frequently reported events in both
treatment arms were gastrointestinal, general disorders

- and administrative site problems, blood and lymphatic

disorders, and infections and infestations. These events
occurred with similar frequency in both treatment
groups suggesting an acceptable safety profile with PRT;
however, additional safety data would be useful collected
either as postmarketing surveillance or as part of a larger

2372 TRANSFUSION Volume 50, November 2010

clinical trial where bleeding could be used as the primary
outcome. Bleeding data were collected as a secondary
outcome during this study but they were only actively
assessed ' during the 24:-hour time period around
on-protocol transfusions. Each treatment group had
Grade 4 bleeding everits (two in the PRT-PLT group and
one in the reference group). The study was not powered

to show difference in bleeding and given the paucity of

data we do not attempt to make conclusions related to
risk of bleeding.

There were a number of additional limitations to this
study. The frequent use of off-protocol transfusions made
it 'difficult to analyze some of the secondary outcomes

that involved measures over time. The reasons for the'

off-protocol transfusions were not documented. This
information would have been useful to understand some
of the logistical considerations when using PRT-PLTs and

to provide further insight into the challenges with-pro- ~

ducing a standardized product volume and dose. The
responses to off-protocol transfusions were not available,
which also precluded traditional intention-to-treat analy-
ses. These data would have been helpful to provide a
more complete representation” of the full transfusion
history. There were also a number of protocol violations
where posttransfusion samples for CCI determination
were collected outside of the time-compliant period:
17:4% (86/493) for the CClinoy and 22.8% (109/478) for
CClLunous. To avoid excluding these data, we prespecified
an extended time period in addition to the ‘time-
compliant period and analyzed the data both ways;
however, this compliance issue illustrates the challenges

_with getting CCI measurements posttransfusion in’ this

complex patient population.
In ‘conclusion, the noninferiority of PRT-PLTs com-

pared to reference PLTs using the surrogate outcome

measure of CClynw was not demonstrated in this con-
trolled clinical trial in'}10 patients, Safety data did not
identify any major adverse effects associated with the
transfusion of PRT-PLTs. Overall PLT and RBC utilization
in the two'study groups was not significantly different,

suggesting that the lower CCls with the PRT-PLTs did not

translate into significantly higher blood product use:
Further studies are needed to show whether the lower CCI
observed with PRT-PLTs is associated with any change in
the risk of bleeding,
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