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National Regulatory Authorities (NRAs) establish deferral criteria for donors with
risk factors for transfusion transmissible infections (TTI). In most jurisdictions,
epidemiological data show that men who have sex with men (MSM) have a sig-
nificantly higher rate of TTI than the general population. Nevertheless, changes
from an indefinite donor deferral for MSM have been considered in many coun-
tries in response to concerns over a perceived discrimination and questioning of
the scientific need. Changes to MSM donor deferral criteria should be based on
sound scientific evidence. Safety of transfusion recipients should be the first
priority, and stakeholder input should be sought.
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fusion medicine (in general).

Background

To protect patients receiving blood components against
exposure to transfusion transmissible infectious agents
(TTI), National Regulatory Authorities (NRAs) require
blood collection establishments to screen blood donors
through a combination of a health questionnaire and lab-
oratory testing procedures. Available laboratory tests are
highly sensitive for detection of the major TTI. However,

Correspondence: J. Epstein, Office of Blood Research and Review,
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Administration, W071-4230, 10903 New Hampshire Ave,, Silver Spring,
MD 20993-0002, USA
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This document contains the collective views of members of a working
group composed of representatives of NRAs that have responsibility,

in their respective countries, for the regulation of blood and blood
products.

testing is not available for all significant TTI; laboratory
tests cannot reliably detect donor infections with TTI dur-
ing the early infection period; and procedural errors are
possible [1-4]. Therefore, deferral from donation of per-
sons with increased risk of contracting TII takes on
importance as a key safety measure to protect transfusion
recipients against TTL.

To be effective as a safety measure, the health ques-
tionnaire helps to identify risk factors, including certain
sexual behaviours, whose association with TTI is estab-
lished through epidemiological studies. In particular, male
sex with other males has been associated with increased
risk of TTI [5-9]. However, policies to defer blood donors
indefinitely based on a history of male sex with another
male have been controversial in many countries due to
perceptions of discrimination. Questions also have been
raised whether such a deferral is necessary or effective
[10-17]. In principle, longer durations of deferral for
MSM may not inherently result in lower risks of TTI in
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donors unless those criteria select for donors at lower risk
of recent infection. Lower TTI risk was correlated with an
MSM abstinence period of longer than 5 years in one
study [18].

National Regulatory Authorities that establish risk-
based donor deferral criteria have emphasized that these
policies attempt to exclude potential donors with identi-
fied risk factors. In the case of MSM, the donor deferral is
based on the risk that is associated with the behaviour
(i.e. sexual behaviours that constitute an elevated risk to
acquire TTI) and is not based on the sexual orientation
per se of the donor. The consequent application of this
criterion is of high importance for the safety of the blood
supply and is not meant to discriminate against any indi-
vidual or group. In most jurisdictions, epidemiological
and public health data have shown and continue to show
that men who have had sex with other men have a
significantly higher rate than the general population of
acquiring, carrying and transmitting certain infectious
agents, such as HIV, hepatitis and potentially other TTI
[5-9].

Because of the general difficulty in assessing individual
risk related to sexual behaviour [19], many NRAs have
chosen to apply a uniform MSM deferral. Similar consid-
erations regarding assessing individual risk have been
applied to exclude donors with a history of illicit injec-
tion drug use, sex workers and donors with exposure in
certain geographical areas where risk of acquiring TTI is
increased.

Current situation

Similar epidemiological data showing increased TTI risk
among MSM exist in various jurisdictions, and many
NRAs worldwide have a policy of indefinite deferral for
MSM. Although there are variable results, many modelling
studies have shown that in changing the deferral period
from indefinite to 1, 5 or 10 years, a very small absolute
increase in risk cannot be ruled out [17, 18, 20-22]. In a
recent retrospective analysis in Australia, the HIV preva-
lence of donors was found not to have increased following
a change to a time-based 12-month deferral [23]. A num-
ber of countries have changed the MSM deferral from an
indefinite to a time-based deferral. Among these countries
are Australia, Canada and Japan who have contributed to
this publication and share the regulatory perspective
described herein. Some other countries have replaced a
uniform deferral for MSM behaviour with donor question-
ing to identify recent high-risk sexual exposure (e.g. Italy,
Mexico, Poland, Russia, Spain).

The available scientific data and the policies regarding
deferral on the basis of sexual behaviour in different
jurisdictions have recently been analysed [24, 25]. In

some countries, studies have been undertaken to better
understand the attitudes and behaviour of MSM towards
donation, the adequacy of the donor history questionnaire
to identify donors at increased risk of TTI, and the impact
of potential or actual changes from a policy of indefinite
deferral for MSM. Similar to the  conclusion of another
report [9], the authors noted that overall risk to transfu-
sion safety would be influenced to a large extent by the
degree of adherence by MSM to revised deferral criteria
[23, 26].

A less restrictive policy on blood donation by MSM
has been projected to produce only a small public health
benefit through an increase in blood donations [16]. Any
projected increase to the blood supply has not been
thought by many NRAs to be sufficient to warrant a pol-
icy change at this time. Many NRAs have taken the view
that any preventable projected increase in risk to the
blood supply from MSM donation should not be imposed
on recipients of blood components in the absence of a
countervailing benefit to recipients.

Considerations for decision-makers

Scientific evidence

Decision-making for NRAs is predicated on relative bene-

fit to risk considerations informed by current scientific

understanding and available evidence. Factors that may
be relevant when cousidering changes from an indefinite

MSM deferral could be as follows:

(1) Evidence from other jurisdictions which have changed
the deferral from indefinite to a time-based deferral
indicating that there has been no increase in risk (e.g.
based on TTI marker rates, especially window period
infections, prevalence in first time donors, and rates
of seroconversion in repeat donors) and no observed
increase in the frequency of pathogen transmissions
based on sound haemovigilance monitoring.

(2) Evidence that the current deferral policy is not effec-
tive at reducing risk of TTL. In this context, the
effectiveness of health questionnaires should be
assessed and options for improvements should be
explored.

(3) Evidence from well-designed studies that revised
donor selection criteria allowing blood donations by
some men with a prior history of sex with another
man would not be likely to increase the risk of TTL

(4) Consideration of risk mitigating steps that could be
implemented in conjunction with a change to MSM
deferral criteria so as to improve current blood safety
controls {e.g. predonation testing, quarantine hold
pending postdonation testing for some products, single
unit nucleic acid testing and pathogen reduction).

© 2014 U. S. Food and Drug Administration. Vox Sanguinis published by
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(5) Evidence that changes in deferral criteria will not
increase risk from inadvertent release of infectious
units from quarantine (quarantine release errors).

Societal considerations

National Regulatory Authorities function within a broader
framework of society wherein social attitudes, perceptions
and priorities are relevant to and may influence policy
decision-making. NRAs and other relevant government
bodies should seek to receive comments from all stake-
holders, when contemplating a change to the MSM defer-
ral policy. The overriding consideration should be that a
change in policy should not increase risk to transfusion
recipients. However, de minimus changes in risk may be
acceptable in the context of larger societal benefits.
Social factors affecting the overall safety and adequacy
of the blood supply such as compliance with deferral cri-
teria and public willingness to donate blood may be part
of the assessment of risks and benefits of a policy change.
The discussion should include whether the public is pre-
pared to accept some added risk of transfusion for a pos-
sible benefit of reducing a perceived discrimination
against MSM.

Conclusion and recommendations

Based on the principle that the safety of blood transfu-
sion for recipients should be the primary concern of the
NRA, the authors recommend careful deliberation in
considering a less restrictive blood donor deferral for
MSM.

Donor deferrals based on sexual behaviour play an
important role in preventing disease transmission from
TTI. However, despite the clear association of TTI risk
with a history of male sex with other males, policies to
indefinitely defer MSM from blood donation as a blood
safety measure are controversial in many jurisdictions
both on scientific and societal grounds. Consequently,
many NRAs are now reviewing their current policy of
MSM deferral, some have implemented, and others are
considering a modification of their existing policy. Time-
limited deferrals have been implemented by some NRAs,
at least partly in consideration of country-specific socio-
political concerns including alleviation of a perceived dis-
crimination and possibly based on tolerance of a
potential small increase of risk.

Modelling studies suggest that changes from indefi-
nite to time-limited deferrals will increase TII risk

unless accompanied by an increase in adherence to the
deferral criteria by MSM. In particular, the motivations
of MSM to donate and the likelihood that a modifica-
tion of the donor criteria could change the degree of
MSM compliance need to be assessed. Implementation
of revised deferral criteria for MSM in Australia did not
result in an increase in the rate of HIV-positive dona-
tions [23]. A more recent study in the same country
was interpreted to confirm the previous finding of a
high degree of compliance by MSM with a 12-month
deferral period [26]. Whether the same outcome could
be achieved in different settings cannot be predicted
due to differences in epidemiology of infections and
societal norms. Improvements in the effectiveness of
health questionnaires may contribute to blood safety in
conjunction with a policy change on deferral for history
of MSM.

The authors believe that changes to the donor deferral
for history of MSM should be evidence driven and based
on sound science. Consequently, the authors recommend
that NRAs consider the following points as part of the
overall decision process:

(1) Safety of transfusion recipients should be the first
priority of the NRA.

(2) Appropriate studies should be conducted to assess the
potential impacts of policy changes, to validate can-
didate risk mitigation strategies implemented in asso-
ciation with policy changes and to monitor the safety
outcomes of a policy change.

(3) Stakeholder input should be sought through a formal
process designed to enable all viewpoints to be con-
sidered constructively by the NRA.

(4) In order to inform future decision-making, also relat-
ing to MSM deferral policy, individual jurisdictions
should continuously assess haemovigilance data
regarding the risk of TII in donors. Emphasis should
be given to monitoring adherence to donor selection
criteria, especially following changes in donor ques-
tionnaires or deferral periods.

In conclusion, the authors believe that NRAs should
follow the same principles in addressing the issue of
donor deferral for MSM, namely priority for patient
safety, evaluation of scientific data, consideration of the
local epidemiology and societal circumstances, as well as
stakeholder input, which may be quite different between
countries. However, the authors recognize that based on
such differences in the various jurisdictions, decisions
based on the criteria stated above may result in different
outcomes [22, 26, 27].

© 2014 U. S. Food and Drug Administration. Vox Sanguinis published by
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Identification of TL-Om1, an Adult T-Cell Leukemia (ATL) Cell Line,
as Reference Material for Quantitative PCR for Human
T-Lymphotropic Virus 1
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Quantitative PCR (qPCR) for human T-lymphotropic virus 1 (HTLV-1) is useful for measuring the amount of integrated
HTLV-1 proviral DNA in peripheral blood mononuclear cells. Many laboratories in Japan have developed different HTLV-1
gPCR methods. However, when six independent laboratories analyzed the proviral load of the same samples, there was a 5-fold
difference in their results. To standardize HTLV-1 qPCR, preparation of a well-defined reference material is needed. We ana-
lyzed the integrated HTLV-1 genome and the internal control (IC) genes of TL-Om1, a cell line derived from adult T-cell leuke-
mia, to confirm its suitability as a reference material for HTLV-1 qPCR. Fluorescent in situ hybridization (FISH) showed that
HTLV-1 provirus was monoclonally integrated in chromosome 1 at the site of 1p13 in the TL-Om1 genome. HTLV-1 proviral
genome was not transferred from TL-Om1 to an uninfected T-cell line, suggesting that the HTLV-1 proviral copy number in TL-
Om!1 cells is stable, To determine the copy number of HTLV-1 provirus and IC genes in TL-Om1 cells, we used FISH, digital
PCR, and qPCR. HTLV-1 copy numbers obtained by these three methods were similar, suggesting that their results were accu-
rate. Also, the ratio of the copy number of HTLV-1 provirus to one of the IC genes, RNase P, was consistent for all three methods.
These findings indicate that TL-Om1 cells are an appropriate reference material for HTLV-1 gPCR.

H uman T-lymphotropic virus 1 (HTLV-1) was the first retro- One possible solution is to establish a reference material, which
virus to be found in humans (1,2). HTLV-1isa cause of adult  isindispensable for standardizing multicenter test results. The tar-
T-cell leukemia (ATL), HTLV-1-associated myelopathy/tropical ~ get material for HTLV-1 qPCR is genomic DNA (gDNA) from
spastic paraparesis (HAM/TSP), and HTLV-1-associated uveitis  peripheral blood mononuclear cells (PBMCs). Therefore, HTLV-
(3). Areas where HTLV-1is endemic are distributed across several  1-infected cells would be an ideal source for a reference material.
different regions, including southern Japan, the Caribbean, South  To date, many cell lines from ATL patients have been established,
America, and tropical Africa (4, 5). A recent reporthas shown that byt few of them have been well characterized for the genomic
the area affected by this infection has expanded from the southern  features associated with reference materials for HTLV-1 qPCR.

part of Japan to the entire country, particularly the Tokyo metro- In this study, we investigated the genomic structure of one of

politan area (6). Diagnostic tests for HTLV-1 infection are per-  these ATL cell lines, TL-Om1, to establish it as a reference material
formed mainly with serological assays, such as enzyme-linked im- ¢ 5T1V-1 nucleic acid amplification techniques (NATs),

munf)absorbent assay, particlfz agglut.ination assay, and Western ely, HTLV-1 clonality, karyotyping, proviral sequencing, in-
blotting. Recently, another diagnostic test has been developed. tegration sites, and determination of gene copy number of
Quantitation of integrated proviral DNA in peripheral blood HTLV-1 and cellular genes for IC

(proviral load [PVL]) can be performed by quantitative PCR
(qPCR) as a risk assessment for ATL or HAM/TSP (7, 8).

A few studies reported that several samples were positive for
viral DNA when tested by PCR even though those samples had
been found seroindeterminate for HTLV-1 when tested by West-
ern blotting (9, 10). Their results suggest that HTLV-1 gPCR
could be used as an additional test to confirm infection in seroin-
determinate samples.

Although many laboratories have developed qPCR methods
for HTLV-1 detection in Japan, a wide variety of testing methods
are used. For example, the target region, primers and probes, and
internal control (IC) genes vary among the laboratories (8, 11—
15). These variations lead to significant differences in HTLV-1
PVL when these laboratories measure the same samples (16). Asa
consequence of these differences, comparison of quantitative data
between laboratories will continue to be difficult without stan-
dardization.
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TABLE 1 Primers used for gPCR of HTLV-1 and IC genes

Primer correction

factor

Size
Target gene Forward name Forward sequence Reverse name Reverse sequence (bp) Plasmid gDNA
HTLV-1 gene LTR202F ACAATGACCATGAGCCCCAAA LTR202R TTAGTCTGGGCCCTGACCT 101 0.9869
LTR215F GCTCGCATCTCTCCTTCAC LTR215R AGTTCAGGAGGCACCACA 102 0.9942
LTROOSF CCTGACCCTGCTTGCTCAAC LTROO5R TCAGTCGTGAATGAAAGGGAAAG 99 0.9917
056F TAGTCCCACCCTGTTCGAAATG 056R GCCAGGAGAATGTCATCCATGT 105 1.0013
084F CCTGCCCCGCTTACTATCG 084R GGCATCTGTGAGAGCGTTGA 102 0.9922
153F TTGTCGCGCTACTCCTITCTTG 153R AGGGATGACTCAGGGTTTATAAGAGA 118 0.9792
pX2-§° CGGATACCCAGTCTACGTGTT pX2-AS* CAGTAGGGCGTGACGATGTA 100 0.9944
RNaseP (RPPH1) gene RPPH1-05F TATGCACAATTATGTAATCCCCAAA RPPHI1-05R CCAGCTCCCTATAACCTGCACTT 100 1.0025 1.0012
RPPH1-08F GCCGGAGCTTGGAACAGA RPPH1-08R AATGGGCGGAGGAGAGTAGTCT 109 0.9956 0.9937
RPPH1-12F AGGAAGCCCACGAAAATTCTAATT RPPH1-12R GTCCCCATACTCGGTGATTCTC 101 1.0019 1.0052
Albumin (ALB) gene ALB-07F TGCAATGAACACAGGAGAGCTACTA ALB-07R CCACCCAGGTAACAAAATTAGCAT 103 0.9971 0.9964
ALB-19F CCTGATGCTTCTCAGCCTGTT ALB-19R TCCATTTAAGAGTGTGTGTGGTAGGT 100 1.0019 1.0045
ALB-26F TGCATTGCCGAAGTGGAAA ALB-26R CCTCAGCATAGTTTTTGCAAACA 100 1.0038 1.0078
B-Actin (ACTB) gene ACTB-06F TCTGGTGTTTGTCTCTCTGACTAGGT ACTB-06R CCGCTTTACACCAGCCTCAT 100 0.9965
ACTB-12F TCCTGGGTGAGTGGAGACTGT ACTB-12R CCATGCCTGAGAGGGAAATG 107 1.0016
ACTB-21F AGCATCCCCCAAAGTTCACA ACTB-21R GGACTTCCTGTAACAACGCATCT 101 1.0106
CD81 gene CD81-01F GACACATCCCAAGGGTGCTT CD81-01R GGACTCAGTTCTCAATGCTTTGC 107 1.0015
CD81-10F ACCACGCCTTGCCCTTCT CD81-10R GAATCACGCCACTTCCATAACTG 111 1.0021
CD81-21F GGTGCACACAGCATGCATTT CD81-21R GTGCGCCTCTGGGTAATCAT 102 1.0009
B-Globin (HBB) gene HBB-11F TTGGACCCAGAGGTTCTTTGAG HBB-11R GGCACCGAGCACTTTCITG 103 1.0021
HBB-15F AGCAGCTACAATCCAGCTACCAT HBB-15R GAGGTATGAACATGATTAGCAAAAGG 105 1.0033
HBB-24F CCCACCCCAAATGGAAGTC HBB-24R AGCACCATAAGGGACATGATAAGG 104 1.0111
RAG-1 gene RAGI1-03F GCAATCCCATTTGTCCACTTTT RAG1-03R TCCCACTGGCCTGCATTACTA 100 1.0045
RAG1-27F GAAGTTTAGCAGTGCCCCATGT RAGI1-27R ACGGGCAGTGTTGCAGATG 100 1.0006
RAG1-32F TCAAAGTCATGGGCAGCTATTGT RAG1-32R AGGGAATTCAAGACGCTCAGAA 100 0.9993

“ Primer sequences were previously reported in reference 11.
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MATERIALS AND METHODS

Cells and gDNA preparation. Jurkat clone E6-1 cells were obtained from
the American Type Culture Collection. HUT102 and SLB-1 cells, which
are HTLV-1-infected cell lines, were a kind gift from Masahiro Fujii (Di-
vision of Virology, Niigata University Graduate School of Medical and
Dental Sciences). PBMCs were kindly provided by the Japanese Red Cross
or purchased from AllCells (Alameda, CA, USA). TL-Oml1 cells, an ATL-
derived cell line established by Sugamura et al. (17), were maintained in
RPMI 1640 (Sigma, St. Louis, MO, USA) containing 10% fetal bovine
serum (FBS) supplemented with 100 U/ml penicillin-streptomycin (In-
vitrogen, Carlsbad, CA, USA), 2 mmol/liter 1-glutamine, and 10 ng/ml
interleukin-2 (PeproTech, London, United Kingdom). Jurkat, HUT102,
and SLB-1 cells were maintained in RPMI 1640 containing 10% FBS sup-
plemented with 100 U/ml penicillin-streptomycin and 2 mmol/liter L-glu-
tamine. DNA was extracted using a QlAamp DNA blood mini or maxi kit
(Qiagen, Valencia, CA, USA).

Southern blotting,. Southern blotting was performed by SRLInc. (To-
kyo, Japan). DNA was digested with EcoRI and Pstl and separated on a
0.8% agarose gel as previously reported (18, 19). DNA was transferred
onto nylon membranes (Roche, Mannheim, Germany). The membrane
was hybridized with digoxigenin (DIG)-labeled HTLV-1 probe at 42°C
overnight. DNA fragments for HTLV-1 probes were obtained from Oncor
Inc. (Gaithersburg, MD, USA). Sense and antisense HTLV-1 DNA probes
were prepared by random primed labeling using a DIG-High Prime kit
(Roche). After the membrane was washed, HTLV-1 probe signals were
obtained using a DIG luminescent detection kit (Roche).

FISH analysis. To stop the cell cycle at M phase, Colcemid (Sigma)
was added to the cell culture medium ata concentration of 0.02 pg/ml and
incubated for 1 h. Cells were harvested and washed with phosphate-buff-
ered saline (PBS). After treatment with 0.075 M KCl hypotonic solution at
37°C for 1 h, cells were fixed with a solution containing acetic acid and
methanol (3:1). Cells were fixed to a glass slide and dried. The complete
HTLV-1 genome inserted in pUC18 (15) was used as a probe for provirus,
bacterial artificial chromosome (BAC) clone RP11-919G18 was used as a
probe for the albumin (ALB) gene, and BAC clones CTD-2326H15 and
RP11-203M5 were used as probes for the RNase P (RPPH1) gene. BAC
clones were selected from NCBI (http://www.ncbi.nlm.nih.gov/clone/)
and were purchased from Advanced Geno Techs Co. (Tsukuba, Japan).
The probe for 1q44 was commercially prepared by Chromosome Science
Labo Inc. (Sapporo, Japan). For the detection of ALB and RPPHI genes,
the BAC clones were labeled with cyanine 3 (Cy3) and Cy5, respectively.
For the detection of provirus, the DIG-labeled probe was prepared by the
nick translation method. The probe was hybridized to the sample at 70°C
for 5 min, followed by incubation at 37°C overnight. The probe was
stained with anti-DIG-Cy3 antibody. Signals were detected by a Leica
DMRA2 system and analyzed with Leica CW4000 fluorescent in situ hy-
bridization (FISH) software (Wetzlar, Germany).

Splinkerette PCR analysis. Splinkerette PCR was performed as previ-
ously reported (20). The first-round PCR was performed as indicated in
reference 20. The second-round, nested PCR was performed using the
HTLV-1 long-terminal-repeat (LTR)-specific primer. The nested PCR
product was loaded onto 3% Tris-acetate-EDTA buffer (TAE) agarose
gels. Two distinct DNA bands were cut from the agarose gel and purified
using a QIAquick gel extraction kit (Qiagen). After thymine and adenine
(TA) cloning, each band was sequenced by the Sanger method (21).

Inverse PCR analysis. TL-Om1 gDNA was digested with BamHI or
Xbal. Digested DNA was purified by phenol-chloroform extraction fol-
lowed by ethanol precipitation. Briefly, 1/10 volume of 3 M sodium ace-
tate and 2.5 volume of 100% ethanol were added to the sample. After
centrifugation at 2 X 10* X gfor 15 min, the DNA pellet was washed with
70% ethanol and then air dried. Purified DNA was self-ligated using a
Ligation-Convenience kit (Nippon Gene, Tokyo, Japan). Ligated DNA
was purified again by phenol-chloroform extraction followed by ethanol
precipitation. PCR was performed with KOD FX (Toyobo, Osaka, Japan).
The PCR mixture contained 20 ng gDNA, 0.4 mM forward and reverse
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FIG 1 Infectivity and clonality of HTLV-1 provirus in TL-Om1 cells. (A)
Mitomycin C-treated Jurkat, TL-Om1, HUT102, and SLBI cells were cocul-
tured with Jurkat cells. PVL (%) was measured 2 weeks later by gPCR. (B)
gDNA from TL-Om1 cells digested with EcoRI or Pstl was subjected to South-
ern blotting probed by the full HTLV-1 genome. Three black arrows show
bands for typical HTLV-1 genomic sequences; two gray arrows show bands for
host genomic sequences ligated to the HTLV-1 genome. Because the EcoRI site
is not included in the HTLV-1 sequence, the number of bands indicates the
number of clones in the cells. Detection of two gray bands indicates that there
is a pair of 5" and 3’ HTLV-1 genomes conjugated with the host genome,
signifying that the HTLV-1 provirus is monoclonal. On the other hand, detec-
tion of more than two gray bands indicates that it is multiclonal.

primers, 1 mM deoxynucleoside triphosphate (ANTP), 1X KOD FX buf-
fer, and 0.5 U KOD FX in a total volume of 25 pl, in duplicate. The
forward primer sequence was 5 -ACAAATACACCTTGCAATCCTATG
G-3', and the reverse primer sequence was 5'-CGCTTGGGAGACTTCT
TGCT-3’. PCR mixtures were denatured at 94°C for 2 min, followed by 34
cycles of 98°C for 10 s and 68°C for 10 min. PCR products were loaded
onto 0.8% agarose gels and detected by LAS-3000 (Fujifilm, Tokyo,
Japan).

Genomic long PCR. Genomic long PCRs were performed using KOD
FX (Toyobo). Primers are listed in Table S1 in the supplemental material.
The conditions for the PCR mixture and thermal cycling program were
the same as those for the inverse PCR analysis.

DNA sequencing analysis. The genomic long PCR and inverse PCR
products were purified by a GenElute PCR Clean Up kit (Sigma). Direct
sequencing was performed using a BigDye Terminator v3.1 sequencing kit
(Applied Biosystems, Foster City, CA, USA). Sequence primers are listed
in Table S2 in the supplemental material. Sequences were read and ana-
lyzed using a 3120X genetic analyzer (Applied Biosystems).

Synchronized qPCR analysis. The primers used for the synchronized
qPCR amplification are listed in Table 1. The PCR mixture was prepared
with SYBR premix Ex Taq II (TaKaRa, Tokyo, Japan) containing 100 ng
gDNA and 0.4 mM forward and reverse primers in a total volume of 15 pl,
in triplicate. PCR was performed according to the manufacturer’s proto-
col. The AC(RPPH1) value (where Cr is threshold cycle) was calculated
by the following equation: AC{RPPH1) = average C, of target gene
primer results — average C- of RPPHL. The gene copy number was cal-
culated by the following equation: target gene copy number (N) = copy
number determined by FISH X 2 ACT®PPED {sing normal PBMCs or
plasmids, the primer correction factor, which can compensate for small
differences in amplification efficiency among different primers, was cal-
culated. The correction factor was determined by the difference of each Cr.
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