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FIG 2 Clonality, copy number, and integration site of HTLV-1 in TL-Om1 cells. (A) HTLV-1 proviral copy number per cell was determined by FISH using an
HTLV-1 full-genome probe. (i) Yellow signals indicate the HTLV-1 probe. Lower table shows the counts of HTLV-1 signals per cell. (ii) Vertical axis indicates
percentage counts of each fraction in relation to total cells. Data were the results from two independent analyses. (B) Number of HTLV-1 integrated chromo-
somes was determined in metaphase cells with the HTLV-1 and 1g44 probes. (i, ii) Yellow signals indicate the HTLV-1 probe, and red signals indicate the 1q44
probe. All HTLV-1 signals were located on chromosome 1. HTLV-1 signals on chromosome 1 were positioned at 1p13. (C) Determination of the HTLV-1
integration site in TL-Om1 cells. (i) The 3’ integration site was determined by Splinkerette PCR with an HTLV-1-specific primer. PCR products were subjected
to agarose gel electrophoresis. (ii) BamHI- or Xbal-digested TL-Om1 genomes were self-ligated and subjected to inverse PCR with an HTLV-1-specific primer
set. PCR products were subjected to agarose gel electrophoresis. (D) 5’ and 3' HTLV-1 integration sites were determined by a sequencing analysis of DNA

fragments from both Splinkerette and inverse PCR. (i) Normal human sequence; (ii) determined HTLV-1 integration site. HTLV-1 was inversely integrated at

chromosome 1: NT_077389, 164570 to 164576.

value of target gene primers from the average C;.value of RPPHI primers
(Table 1). The correction value was calculated as follows: correction Cr.
value = correction factor X actual C; value. By applying the correction
factors, we reduced the limits of error of the Cr. values to 0.1 cycles with
normal PBMCs (data not shown).

Digital PCR analysis. Primers and probes for digital PCR analysis of
HTLV-1were previously reported (11, 15). In brief, the primers and probe
for HTLV-1 were as follows: forward, 5'-CGGATACCCAGTCTACGTG
TT-3; reverse, 5'-CAGTAGGGCGTGACGATGTA-3'; probe, FAM-5'-
CTGTGTACAAGGCGACTGGTGCC-3'-TAMRA (where FAM is 6-car-
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boxyfluorescein and TAMRA is 6-carboxytetramethylrhodamine). The
primers and probe for albumin were as follows: forward, 5'-TGTCAT
CTCTTGTGGGCTGT-3";reverse, 5'-GGTTCTCTTTCACTGACATC
TGC-3'; probe, FAM-5'-CCTGTCATGCCCACACAAATCTCTCC-3'-
TAMRA. The mixture of primers and probe for RPPH1 was purchased
from Applied Biosystems. The PCR mixture was prepared using 2X digital
droplet PCR (ddPCR) supermix for probes (Bio-Rad, Hercules, CA, USA).
Droplets were prepared on a QX100 droplet generator (Bio-Rad). PCR was
performed with a LifePro thermal cycler (Bio-Rad) and detected with a
QX100 droplet reader (Bio-Rad). Data were means of triplicate analysis.
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FIG 3 Gene copy number of IC cellular genes for HTLV-1 gPCR. (A) The number of chromosomes in TL-Om]1 and Jurkat cells at metaphase was counted.
Horizontal line indicates the number of chromosomes per cell. (B) Representative FISH images of TL-Om1 and Jurkat cells at metaphase. Yellow and red arrows
indicate signals for ALB and RPPH1 probes, respectively. Left panel shows three signals for ALB and four for RPPH1,; right panel shows two signals for ALB and
two for RPPH1. (C) Determination of the gene copy number of HTLV-1, RPPH1, and ALB genes by digital PCR. gDNA of TL-Om1 and Jurkat cells and of
PBMC:s from two healthy donors were subjected to digital PCR. Data show the absolute copy number of HTLV-1, RPPH1, and ALB genes per microgram of

gDNA. Bars are means from triplicate analyses.

In vitro HTLV-1 infectivity test. Frozen cells were thawed and imme-
diately cultured for a week. Exponentially growing cells were used for the
assay. Jurkat, TL-Om1, SLB1, and HUT102 cells were treated with 50
pg/ml mitomycin C (Kyowa Hakko Kirin, Tokyo, Japan) and incubated
for 1 h at 37°C. After being washed twice with 2% FBS-PBS, 1 X 10° cells
were added to culture medium containing 1 X 10° Jurkat cells. Mitomycin
Cwas used to block the growth of ATL cell lines added to Jurkat cells. Cells
were cocultured for 2 weeks and then subjected to qPCR to determine
PVL, as described previously (11).

RESULTS

HTLV-1 infectivity in TL-Om1 cells. We investigated the pro-
duction potential of infective virus to ascertain the clonal stability
of HTLV-1 integration in vitro. Mitomycin C-treated TL-Om1
cells were cocultured with Jurkat cells for 2 weeks. At the end of the
2 weeks, no HTLV-1 integration was observed in the Jurkat cells
that were cocultured with TL-Om1 cells, while HTLV-1 integra-
tion was observed when Jurkat cells were similarly cocultured with
SLB-1 and HUT102 cells (Fig. 1A). These findings suggested that
the production of infective HTLV-1 particles from TL-Om1 cells
was low or diminished; thus, the increase in copy number over the
course of cell culture was thought to be negligible. If TL-Om1 cells
had infectious potential, the clonality of HTLV-1 provirus in them
would vary because of the mutual HTLV-1 infections between
cells. To evaluate the clonality of HTLV-1 provirus in TL-Om1
cells, TL-Om1 gDNA was analyzed by Southern blotting. EcoRI-
digested gDNA showed a single band, while PstI digestion pro-
duced five DNA bands that contained an HTLV-1 sequence
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(Fig. 1B). Three of the five DNA bands were HTVL-1 internal
sequences. The other two DNA bands contained either 5’ or 3’
HTLV-1 sequences ligated with the host genome (Fig. 1B). These
fragment patterns indicated that HTLV-1 provirus integration in
TL-Om1 cells was monoclonal.

Determination of copy number and integration site of
HTLV-1 provirus by FISH. To confirm the clonality and copy
number of HTLV-1 provirus and of IC genes in detail, we per-
formed a FISH analysis. There were one or two signals of HTLV-1
provirus in the cells. The mean proviral copy number was calcu-
lated at 1.8 copies/cell from the count of signals with >250 cells in
two independent analyses (Fig. 2Ai and ii). Double-staining of the
TL-Om1 genome with both HTLV-1 and 1q44 probes in meta-

TABLE 2 Gene copy number of IC genes determined by FISH

Gene copy no.

TL-Om1 (20
analyzed cells)

RPPH1 ALB

Jurkat (20
analyzed cells)

RPPH1 ALB

Karyotype gene gene gene gene
2N 0 0 20 20
3N 1 20 0 0
4N 19 0 0 0
Average 3.95 3 2 2
Ratio to the RPPH1 gene 1 0.76 1 1
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TABLE 3 Summary of ratio of gene copy numbers to the RPPHI1 gene

Gene copy no. ratio to the RPPH1 gene

Method Cellline ~ RPPHlgene  ALBgene ACTBgene CD81gene  HBBgene RAG-lgene  HTLV-l1gene  LTRgene
FISH TL-Oml 1.00 0.76 0.46
Jurkat 1.00 1.00
Digital PCR TL-Oml  1.00 0.74 0.51
Jurkat 1.00 0.86
PBMC1 1.00 1.09
PBMC2 1.00 0.99
gPCR (plasmid) TL-Oml 1.00 0.74 0.48 1.02
Jurkat 1.00 0.92
qPCR (gDNA) TL-Om1 1.00 0.74 1.18 0.99 0.92 0.94
Jurkat 1.00 0.95 1.07 0.99 0.90 1.08
PBMC1  1.00 0.99 1.00 0.98 0.99 1.00
PBMC2 1.00 1.01 1.01 0.99 1.00 1.01

phase showed that all HTLV-1 DNA signals were located on chro-
mosome 1 (Fig. 2Bi). When the number of copies of chromosome
1 was 1, 2, 3, or 4 per cell, the number of HTLV-1 proviruses per
cell was 1, 1, 2, and 2, respectively (data not shown). HTLV-1
signals on chromosome 1 were positioned on the band of 1p13
(Fig. 2Bii). These results correlated well with the Southern blot-
ting results that showed monoclonal integration.

Confirmation of integration site of HTLV-1in TL-Om1 cells.
To identify the integration site of monoclonal HTLV-1 provirus,
Splinkerette PCR was performed with TL-Om1 gDNA. Two spe-
cific PCR products were obtained by gel electrophoresis (Fig. 2Ci).
The DNA fragments were analyzed by direct sequencing. Se-
quencing analysis of the lower-molecular-weight DNA fragments
(Fig. 2Ci, lower band) showed that they were provirus genomic
sequences. Sequencing analysis of the higher-molecular-weight
band showed that it contained host gDNA ligated to the 3’ LTR of
HTLV-1. We also performed inverse PCR with TL-Om1 gDNA
that was digested with BamHI or Xbal followed by self-ligation.
Single DNA bands were obtained from both BamHI and Xbal
self-ligated templates (Fig. 2Cii). Sequencing analysis demon-
strated that both bands contained the same sequences. A BLAST
search revealed that the sequence was located on chromosome 1.
The integration site was identified, and the HTLV-1 provirus was
integrated inversely in between the CATATAT repetitive se-
quences at the region of NT_077389 from nucleotides (nt) 164570
to 164576 on chromosome 1 (Fig. 2Di and ii).

We determined the full-length sequence of HTLV-1 provirus
in TL-Om1 cells by genomic long PCR followed by direct sequenc-
ing. The length of HTLV-1 provirus was determined to be 8,941
bp (GenBank accession no. AB979451; see also Text S1 in the
supplemental material). The percent identity to the HTLV-1
genomic sequence of the ATK-1 strain (accession no. J02029) was
98.7%. Compared with the full-length HTLV-1 genomic sequence
of ATK-1, there was a 93-nt deletion in the env gene. The region
that was deleted was equivalent to nt 5547 to 5669 of ATK-1. The
deduced amino acid sequence of the deletion was 31 in-frame
amino acids (A125-155 of Env). The deleted region was located
on the receptor binding domain of Env (see Fig. S1 in the supple-
mental material).
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Calculation of chromosome and gene copy numbers of
HTLV-1, RPPHI, and ALB genes in TL-Om1 and Jurkat cells.
We counted the chromosome number in TL-Om1 and Jurkat cells
by FISH analysis. Jurkat cells were analyzed as one of the control
cell lines. The chromosome number differed from 78 to 83 in
TL-Om1 cells (Fig. 3A). The mean chromosome number was es-
timated at 80.2, which indicated that the karyotype of TL-Om1
cells was about 4N. There were 45 or 46 chromosomes in Jurkat
cells, indicating that their karyotype is near that of normal human
diploid cells (Fig. 3A and B and Table 2).

The absolute gene copy number of HTLV-1 provirus and IC
genes was measured using digital PCR. gDNA from TL-Om1 cells,
Jurkat cells, and PBMCs from two healthy donors was subjected to
digital PCR and used to calculate the copy numbers of these genes
(Fig. 3C). Although the ALB-to-RPPH1 gene copy number ratios
in the two PBMC samples were 1.09 and 0.99, the ALB-to-RPPH 1
gene copy number ratio in TL-Om1 cells was low (ratio of 0.74)
(Table 3). The provirus-to-RPPH1 gene copy number ratio in
TL-Om1 cells was 0.51 (Table 3). These results were consistent
with the provirus- and ALB-to-RPPH]1 gene copy number ratios
estimated by FISH, which were 0.46 and 0.76, respectively (Table
3). The usefulness of TL-Om1 as a reference standard is strongly
supported by the consistent results from the FISH and digital PCR
analyses (Table 4).

Estimation of the gene copy number of HTLV-1 and IC genes
by synchronized gPCR. We previously developed a method to
determine inherited allelic deletions by using qPCR with primer
sets that can amplify fragments synchronously, even though the

TABLE 4 Absolute gene copy number per microgram gDNA
determined by digital PCR

Gene copy no./ig gDNA®
Cell line HTLV-1 gene RPPHI gene ALB gene
TL-Om1 170,171.1 335,452.3 248,410.8
Jurkat NT 434,529.6 373,423.9
PBMC1 NT 355,116.1 388,650.0
PBMC2 NT 397,260.3 394,520.5

“ Data are means of triplicate analysis. NT, not tested.
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FIG 4 Estimation of gene copy number of IC genes in TL-Om1 cells by gPCR. gDNA of TL-Om1 and Jurkat cells and of PBMCs from two healthy donors was
tested by qPCR with synchronous amplification primer sets for IC genes. (A) C-scores (cycles) of each primer set for IC genes. Each dot indicates the mean from
triplicate analyses. The C;. scores in the graph were the results of correction by the factors described in Table 1. (B) Estimated gene copy number of IC genes
calculated using the difference in C;.scores from RPPH1. The copy numbers of IC genes of TL-Om1 and Jurkat cells were calculated based on FISH analysis for
the RPPH1 gene. RPPH1 gene copy number from PBMCs was set as 2N. Equation for the estimation of gene copy number was as follows: gene copy number
(N) = RPPHI gene copy number determined by FISH analysis X 2747, AC, = C,{(target gene) — C(RPPH1).

target genes are different. The method shows that the difference in
Cyvalue determines the difference in gene copy number. We used
primer sets for HTLV-1 genes (LTR and coding regions) and
ACTB, ALB, CD81, HBB, and RAG-1 IC genes (Table 1). To in-
crease the specificity, we used primer correction factors, which
compensate for the slight difference in PCR amplification effi-
ciency between different primers for target genes. As shown in Fig.
4A, TL-Om1 and Jurkat cells did not show the complete synchro-
nized amplifications that were observed in normal PBMCs. By
setting the PCR amplification efficiency of all primer sets per cycle
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to approximately 2-fold, the ratio of the gene copy number against
the RPPH1 gene was estimated using the difference in the mean C
scores of the IC gene primer sets from the mean of those for the
RPPHI1 gene. The ratios of the gene copy number of the ALB gene
to that of the RPPHI gene in TL-Om1 and Jurkat cells were 0.74
and 0.92, respectively (Table 3). When the copy number of the
RPPHI gene in TL-Om1 cells was set at 3.95, which was deter-
mined by FISH analysis, the copy number of the IC genes was at
least 2.9 (ALB gene) and at most 4.7 (ACTB gene) (Fig. 4B and
Table 3).
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Additionally, we tried to determine the HTLV-1 copy number
in TL-Om1 cells using a synchronized qPCR method. We pre-
pared a plasmid that had one copy of every target PCR amplicon
(Fig. 5A). The plasmid had the same copy number as all the target
regions. Using the plasmid as a template, we performed qPCR and
confirmed the synchronized amplification of primer sets for
HTLV-1, RPPH1, and ALB genes (Fig. 5B). The difference in
mean Crscores for the HTLV-1 gene to the RPPH1 gene was 1.05
cycles on average in TL-Om1 cells (Fig. 5C and Table 3). As with
the sequencing analysis, use of the synchronized qPCR method
also estimated the copy number of the LTR to be 4.01, indicating
that TL-Om1 cells have two LTRs (Fig. 5C and Table 3).

Comparison of HTLV-1 copy number from different calcu-
lation methods. We compared the results of HTLV-1 and ALB
gene copy number obtained from FISH, digital PCR, and synchro-
nized qPCR. The copy number ratios of the HTLV-1 gene to the
RPPHI gene in TL-Om1 cells were 0.46, 0.51, and 0.48, from
FISH, digital PCR, and synchronized qPCR, respectively, and
those for the ALB gene were 0.76, 0.74, and 0.74 (Fig. 6 and Table
3). The results from these varied assays strongly support one an-
other, indicating that TL-Om1 cells are suitable for use as a refer-
ence material for HTLV-1 qPCR.
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DISCUSSION

Recently, NAT reference materials have been established for the
safety of blood and blood products, such as international stan-
dards for HIV, hepatitis B virus, and hepatitis C virus (22-24).
These materials have been frequently used for the purpose of cal-
ibration and validation of test systems, preparation of secondary
reference materials, and comparison of multicenter results, which
have helped improve the consistency of the results. Most interna-
tional standards for blood-transmitted viruses use plasma from
infected human blood, because the test target is extracted from
human plasma. With regard to HTLV-1 NAT, it may be better to
use a cell line as a reference material to standardize the gPCR
results, because this test uses cells obtained from peripheral blood.
An example of NAT reference material using cell lines is reported
in a test for quantitation of BCR-ABL mRNA. Panels of K562 cells
combined with HL60 cells were set as standards, which have been
approved by the WHO Expert Committee of Biological Standard-
ization (25). Although a variety of cell lines harboring HTLV-1
provirus in their genomes has been established, detailed charac-
terization of the candidate cell lines with regard to their suitability
as reference materials for HTLV-1 NATs has not yet been per-
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formed. Among the HTLV-1 cell lines, TL-Om1 is well known to
be latently infected with HTLV-1 and is thought to be stable for
HTLV-1 clonality (17, 26). Transcription from HTLV-1 provirus
in TL-Om1 cells is blocked by the highly methylated LTR (27).

In this study, we evaluated the distinct genomic properties of
HTLV-1 and IC genes in TL-Om1 cells with regard to their suit-
ability as reference materials for HTLV-1 NATs. Precise informa-
tion about HTLV-1 infectivity, karyotype, and absolute copy
number of HTLV-1 and cellular control genes of TL-Om1 is use-
ful for applying TL-Oml as a reference material for HTLV-1
qPCR. As such, for this use, TL-Om1 has advantages over other
cell lines, such as the human ATL cell line MT2 and the rat T-cell
line TARL-2. A recent study of HTLV-1 testing in Japanese blood
donor screening revealed that virus prevalence is not limited to
areas where HTLV-1 is endemic but has shifted to the entire coun-
try, especially the Tokyo metropolitan area (6). Nationwide
HTLV-1 tests have been performed on pregnant women in Japan
since the end of 2010. The frequent occurrence of seroindetermi-
nate results after Western blotting is one weakness of the HTLV-1
antibody tests. HTLV-1 qPCR is thought to be a solution for de-
creasing the number of seroindeterminate results; therefore, an
accurate measurement of HTLV-1 proviral DNA by qPCR is
needed. Additionally, a PVL value of >4% in PBMCs is reported
to bearisk factor for ATL development from HTLV-1 asymptom-
atic carriers, which emphasizes the importance of measuring PVL
by qPCR (7). PVL monitoring also provides a risk indicator for
HAM/TSP (8).

An attempt to minimize the differences between laboratories
by using a common plasmid that included the pX region has been
reported. When standard curves were constructed by utilizing the
common plasmid in all participating laboratories, the differences
in median intralaboratory coefficient of variation (CV) could be
reduced by about half (16). Although the attempt worked well
among participating laboratories with in-house gPCR methods,
the transferability of utilizing common plasmids for standard
curves to other methods for PVL determination, for example, dig-
ital PCR, is uncertain.

To standardize HTLV-1 qPCR, we advocate the use of TL-
Om1 cells with finely elucidated HTLV-1 genomic information as
reference material. A previous report showed that PVL values of
males and females, on average, are 1.39% and 2.10%, respectively
(7). Thus, a dilution or a serial dilution of TL-Om1 with PBMCs
or Jurkat cells at a PVL value of around 2% would be an appro-

February 2015 Volume 53 Number 2

Journal of Clinical Microbiology

priate material for the standardization of HTLV-1 qPCR. These
kinds of references can be easily prepared, because the absolute
gene copy number is determined from the dilution rate of TL-
Om1. TL-Oml cells were also used as a control in a deep-sequenc-
ing-based method for the quantification of the clone size of
HTLV-1-infected cells in HTLV-1 carrier or ATL patients (28).

We conclude that TL-Om1 cells can be used as a useful refer-
ence material for HTLV-1 NATs. By using TL-Oml cells, re-
searchers will be able to define the exact values of HTLV-1 by
quantifying the copy numbers of provirus and IC genes. In the
future, we hope that other laboratories will utilize the features of
TL-Om1 cells to standardize the HTLV-1 gPCR.
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