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Four kinds of latency-associated transcripts of human herpesvirus 6 were identified which were detected only
in latently infected cells. Although they were oriented in the same direction as the immediate-early 1 and 2
(IE1/IE2) genes and shared their protein-coding region with IE1/IE2, their transcription start sites and exon(s)

were latency associated.

Human herpesvirus 6 (HHV-6) belongs to the betaherpes-
virus subfamily (26), which is represented by human cytomeg-
alovirus (HCMV). HHV-6 infects most individuals at an early
age and latently infects throughout life, as do other herpes
viruses. It is known that the virus establishes latency in the cells
of the monocyte/macrophage lineage (11, 13). To study
HHV-6 latency, we identified the latency-associated transcripts
of HHV-6 variant B, which is the major subgroup of HHV-6 (1,
4, 6).

To search for HHV-6 latency-associated transcripts (H6LTS),
mRNA was collected from this experimental latent infection sys-
tem by using primary cultures of macrophages (13). (Informed
consent was obtained from the blood donors for participation in
the study.) Subsequently, we screened the transcripts throughout
the immediate-early 1 and 2 (IE1/IE2) regions by reverse tran-
scription (RT)-PCR, because we had previously identified
HCMV latency-specific transcripts in the IE1/IE2 region of
HCMV (12, 14, 16). PCR primers were designed in accordance
with the reported structures of IE1/IE2 (21, 28), the genomic
sequence (5, 7, 10), and the cDNA clones of HHV-6B IE1 and
IE2 (Fig. 1 and Table 1). As a result, we detected the viral
transcripts in the coding region of the IE1/IE2 from the latently
infected macrophages (Fig. 2A, lanes 1 and 2).

To determine whether the detected transcripts showed la-
tency-specific structures, we identified the structures of the
mRNA transcribed during latent infection and productive in-
fection. mRNA isolated from 10° latently infected macro-
phages and 10? productively infected MT-4 cells was analyzed
by the 5 rapid amplification of cDNA ends (RACE) method
described previously (12, 14, 16). Briefly, the 5’ end of the
cDNA made from each transcript was dA-tailed and annealed
with an anchor primer, RL-1. Subsequently, PCR amplification
was performed with primers N2 and IE4RB followed by prim-
ers N1 and IE4RA. Two kinds of 5" ends were detected in
latently infected cells upstream of the annealing site of the
IE4RA primer (485- and 923-bp products shown in Fig. 2B,
lane 1). In contrast, one 5" end was observed in the produc-
tively infected cells (482-bp product shown in Fig. 2B, lane 2).
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The positions of these three start sites were confirmed with
other primer sets (Fig. 2B, lanes 3 to 6). By sequence analysis
we located two latent infection transcription start sites (LSSs):
one was 9.7 kb upstream of the IE1/IE2 start site (LSS1 in Fig.
3), and the other was between exons 2 and 3 of IE1/IE2 (LSS2
in Fig. 3). The transcription start site identified in productively
infected MT-4 cells corresponded to the 5’ end of the IE1/IE2
mRNA (productive infection transcription start site; PSS in
Fig. 3). A 3’ RACE study of the latently infected (Fig. 3, lanes
7 and 9; labeled L) and productively infected cells (lanes 8 and
10; labeled P) was also performed. The first-strand cDNA was
synthesized with the primer RL-1, and the 3’ ends of IE1-
related products were detected by amplification with primers
N2 and IESFE and then with primers N1 and IESFC (lanes 7
and 8). The 3’ ends of the IE2-related products were amplified
with primers N2 and IE6FG and then with primers N1 and
IE6FD (lanes 9 and 10). 3" RACE analysis of the H6LTSs
indicated the presence of two kinds of 3’ ends (Fig. 2B, lanes
7 and 9). Sequence analysis revealed that each same-sized band
had an identical 3’ end. These results identified two types of
latent transcripts: type I, originating at LSS1; and type II,
originating at LSS2 (Fig. 3). We assumed there were two kinds
of transcripts of each type on the basis of the results of the 3’
RACE study. To determine the structures of these four pre-
sumed transcripts, multiple RT-PCR analyses were performed
with the RNA obtained from 10° HHV-6 latently infected
macrophages. cDNA was synthesized with the anchor primer
RL-1 and was subjected to PCR amplification. The type I
H6LTs were amplified with primers ULE1F1 and N1, and the
type II HO6LTs were amplified with LEF1 and N1. These am-
plified products were subjected to nested PCR amplification:
the region adjacent to the 5" ends, the exon 5 region, and the
exon 6 region were amplified with the multiple primer sets
described in the legends to Fig. 4A, B, and C, respectively. For
both the type I and type II H6LTs the amplified regions were
electrophoretically homogeneous, and no extra band was de-
tected by these RT-PCR analyses. Furthermore, the sizes of
these amplified products from latently infected cells were the
same as those from productively infected cells (Fig. 4B, lanes 3
and 6, and 4C, lanes 3, 6, and 9). These data suggested that
these transcripts had no alternatively spliced variant species.
Thus, the presumed structures of the H6LTs shown in Fig. 3
were verified.



4146 NOTES

HHV-6B IE1/IE2

IE6RE _,
exon & IEGRA —»
<«+— |[E6FD
<+—|EE6FG
N2 N1
— —
X Qoo

Anchor primer RL-1

J. VIROL.

exon 4 exon 2

IESRD —»
exon 5 JESRA —» ©Xon 3 IEEE lPSS

IE4RB —»

IE4RA™
«+—I(E3FA

-—
IE4FA

<—|ESFC

|E;|;\ exon 1
<+— |[ESFE

N1 N2
-~ —

Lingananaaantnentts) W |
Anchor primer RL-1

FIG. 1. HHV-6B and PCR primers. All exons (0 to 6) and introns are drawn to scale. The drawings of the mRNAs are in the same orientation
relative to the HHV-6 genome. Thick arrows and boxes represent exons; introns are denoted by the lines connecting the exons. The locations of
the PCR primers and a schematic drawing showing the use of the anchor primer RL-1 are also depicted. PSS, productive infection transcription

start site.

To demonstrate the expression of the H6LTs in vivo, we
performed double-nested RT-PCR combined with Southern
blot hybridization with cDNA fragments encoding exons 3 and
4 as a probe (Fig. 5). For the type I IE1-related H6LT, nested
amplification was carried out with primers ULE1F2 and
IESRD followed by primers ULE1F1 and IESRA. For the type
I IE2-related HO6LT, primers ULE1F2 and IE6RE and
ULE1F1 and IE6RA were used; for the type II IEl-related
HO6LT, LEF2 and IESRD and LEF1 and IESRA were used; for

TABLE 1. Primer sequences”

Sequence

Primer

RL-1.......... 5" CTTATGAGTATTTCTTCCAGGGTACTCGAGGCT
GGGTAGTCCCCACCTTTCTAGATTTTTTTTTTITT
TTTTTT 3’

5" GCTGGGTAGTCCCCACCTTTCTAGA 3’

5" CTTATGAGTATTTCTTCCAGGGTACTCGAG 3’

5" GAAACCACCACCTGGAATCAATCTCC 3’

5" GAGGTTTCTTTGGAGATTGATTCC 3’

5" GGAGTCAGCAAAAGATACAACCC 3’

5" CGATCCAGTGGTGGAAGAATCC 3’

5" GACACATTCTTGGAAGCGATGTCG 3’

5" GATGCTCCTTCTTCCACATTACTGG 3’

5" GGTGCAT- CAGTGAAGGCTGCCATG 3’

5" GACTTGGGAGTCATAACACCAACCAAG 3’

5" CACTGCTTCATCAATCACTTTGTCC 3’

5" CCATGAGCAAATCTCTGGATTCTGATGCCATC

3/

IESRA .....5" TCACTGATGCACCAATACTTTGGATGC 3’

IESRB .....5" CAAGACGTGTTTACAACTTTCAAGG 3’

IESFB......5" CCTAACTGTGTGTATGTACAGCCTCAGTG 3’

IESRC.....5" CACATCTGTATGCTAATGATTGC 3’

IE6FA......5" CCATGATGCGGACGTCACACATAGAC 3’

IE6FB......5" CAAGACAGAGTTCTCATATCAAAACATGC 3’

IE6FC......5" CGTTTGTTTGAAGTTTTTTCACAAGTTTGAGG3’

IE6FD......5" CATATCACGCAACACAACAAAATGC3’

IE6FG......5" GGATAACCAAAGTAACATATCACG 3’

IE6RA ......5" GTATAGTCCGGATAATTTCATGGC 3’

IE6RB .....5" GATATGAGAACTCTGTCTTGTAGAGAAG 3’

IE6RC .....5" GGACATTAATTTATTGTTAGGGGTTTTACC 3’

IE6RD.....5" GTCACCATCAATGATTGAGCAGACC 3’

IE6RE .....5" GTCTATGTGTGACGTCCGCATCATGG 3’

ULEIF1 ..5" CGTTACCGAAGATTACTTCGTGCTG 3’

ULEIF2 ..5" GCATATCCTGGAGTGGCTGCGCTACC 3’

LEFI......... 5" GAAGTAGTGGATTCAGTGCAGCTGG 3’

LEF2......... 5" CGTCACAGAATCTAAAAACAAACCATCCGTG 3’

LERI1........ 5" GAAGCATGTAAGCACATCTCTTGCC 3’

¢ Primers used for RT, RACE, and PCR. The annealing sites and the direc-
tions of the primers are shown in Fig. 1 and 3.

the type Il IE2-related H6LT, LEF2 and IE6RE and LEF1 and
IE6RA were used. The expression pattern of each HOLT de-
tected in 107 peripheral blood mononuclear cells (PBMCs)
from 20 seropositive healthy adults is shown in Table 2. The
type I IE2-related HOLT and the type II IEl-related HOLT
were predominantly expressed during HHV-6 latency in vivo.

To examine the absolute levels of the H6LTSs, we first stud-
ied the percentage of HOLT-expressiong cells in HHV-6 DNA-
positive cells. Latently infected macrophages were detached
from the plates as described previously (13) and were serially
diluted (10* to 10 cells) into sample tubes, with 4 tubes for each
dilution. Representative data are shown in Fig. 6A. As a con-
trol MT-4 cells were infected with HHV-6, and these cells
were also diluted. RNA isolated from each sample tube was
evaluated by double-nested RT-PCR analysis with each HOLT-
specific primer set, as for the experiments shown in Fig. 5.
Productive-phase IE1 in MT-4 cells was examined by double-
nested RT-PCR with primers IESRD and IE2FA and IESRA
and IE3FA. Each dilution of the infected macrophages was
also amplified by DNA-PCR (15), and the percentage of
HHV-6 DNA-positive cells was examined. The percentages of
the transcript-expressing cells were calculated by the Reed-
Muench method (Table 3). The prevalence of cells that were
positive for the H6LTSs was several percent, which is similar to
the prevalence of HCMYV latent transcript-positive cells (12,
29). This situation is analogous to that of Epstein-Barr virus,
where not all latent gene products are expressed all the time
(22).

Subsequently, we examined the copy numbers of the HOLTS.
mRNAs from 10* HHV-6-infected macrophages and MT-4
cells were reverse transcribed and serially diluted into sample
tubes with tRNA as a carrier (4 tubes for each dilution), and
the cDNA in each tube was amplified by double-nested PCR as
described above. The adapted PCR was able to detect a single
copy of the cDNA (data not shown). Representative data are
shown in Fig. 6B. Copy numbers of each mRNA per transcript-
positive cell were calculated by the Reed-Muench method (Ta-
ble 3). The copy number of the HO6LTs per transcript-positive
cell was in the double digits, an order of magnitude lower than
the copy number of productive-phase IE1 that was known to be
an abundant transcript. Although we cannot yet conclude that
these amounts of the HOLTs are sufficient for their hypothe-
sized function, there is support for this idea and for their
biological importance. Recent reports suggest that a small
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FIG. 2. Identification of the transcripts arising from the IE1/IE2 locus during latency. (A) Detection of the transcripts arising from the IE1/IE2
locus during latency. HHV-6 gene expression at the IE1/IE2 region in latently infected macrophages and productively infected MT-4 cells was
analyzed by RT-PCR. mRNA from 10* latently infected macrophages (lanes 1 and 2) and 107 productively infected MT-4 cells (lanes 3 and 4) was
amplified by double-nested RT-PCR with primers IE3FA and IESRD and IE4FA and IE5RA (lanes 1 and 3) or primers IE3FA and IE6RE and
IE4FA and IE6RA (lanes 2 and 4). An ethidium bromide-stained 2% agarose gel is shown. Amplified products of the same size were detected in
both the latently infected macrophages and the productively infected MT-4 cells. Arrows indicate the positions of the products. Primer positions
are depicted in Fig. 1. X, Haelll-digested $X174 DNA. (B) Identification of the 5’ and 3’ ends of the transcripts. mRNA from 10° latently
infected macrophages (lanes 1, 3, and 5; labeled L) and from 10? productively infected MT-4 cells (lanes 2, 4, and 6; labeled P) was analyzed by
the 5 RACE method. RACE products from the transcripts are shown. The 5" end of the cDNA made from each transcript was dA-tailed and
annealed with an anchor primer, RL-1. Lanes 1 and 2 show the amplified products obtained with primers N2 and IE4RB followed by primers N1
and IE4RA. The 5’ ends of the transcripts that contained exon 2 of IE1/IE2 (Fig. 3) were detected by using primers N2 and IE4RB and then
primers N1 and IE2R (lanes 3 and 4). The 5" end of the transcript that contained exon LE (Fig. 3) was identified with primers N2 and IE4RB
followed by primers N1 and LER1 (lanes 5 and 6). A 3" RACE study of the latently infected cells (lanes 7 and 9; labeled L) and productively
infected cells (lanes 8 and 10; labeled P) was performed. The products amplified with primers N2 and IESFE and primers N1 and IESFC (672 bp;
lanes 7 and 8) and the products amplified with primers N2 and IE6FG and primers N1 and IE6FD (846 bp; lanes 9 and 10) are shown. Similar
results were obtained in the 5" RACE and 3' RACE study when umbilical cord blood mononuclear cells or Molt-3 cells were used as productively
infected cells. Arrows indicate the positions of the RACE products. Haelll-digested $X174 DNA fragments were used as size markers ($X). L,
latently infected macrophages; P, productively infected MT-4 cells.

number of viral mRNAs, such as the number of mRNAs that
are incorporated into the virion, may be sufficient for function
(2, 8).

To show that the H6LTs are specific for latency rather than
for cell type, we examined the expression of H6LTs and pro-
ductive IE1/IE2 in macrophages during the latent phase and
reactivation phase. We performed the 5" RACE amplification
used for the experiment depicted in Fig. 2 on the mRNAs
collected from latently infected macrophages and from mac-
rophages that were treated with 20 ng of tetradecanoyl phorbol
acetate/ml for 7 days to induce viral reactivation (13).

In the case of latently infected cells, two kinds of 5’ ends

were detected upstream of the annealing site of the IE4ARA
primer (Fig. 6C). In contrast, one 5’ end was observed in the
reactivation-induced cells, and amplification with primers N1
and IE2R and N1 and LER1 showed that the product corre-
sponded to the productive-phase IE1/IE2 (Fig. 6C).

To examine the expression of the HO6LTSs during viral reac-
tivation and productive infection, the predominantly expressed
H6LTs (that is, the type I IE2-related HOLT and the type II
1E1-related HO6LT) were tested for their expression by single
RT-PCR and double-nested RT-PCR (Fig. 6D). In the latently
infected cells, the HO6LTs were detected with the single RT-
PCR. However, in the reactivated or productively infected
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FIG. 3. Structures of the HHV-6 latent transcripts identified in infected macrophages. Schematic drawings of the HOLT structures are shown.
Productive-phase transcripts are also shown. The drawings of the mRNAs are in the same orientation relative to the HHV-6 genome. Thin lines
represent introns; thick arrows represent exons. All exons and introns are drawn to scale. Latency-associated exons starting from LSS1 and LSS2
are depicted. The position of the productive start site (PSS) is also shown. The annealing sites of the primers that were used for RT-PCR studies
are also depicted. Exon 1 of the type I latent transcript was 138 bp longer than that of IE1/IE2. Two additional exons of the type I latent transcripts
were located approximately 7.8 kb and 9.7 kb upstream from the productive transcription start site. ORFs of 1E1, IE2, and putative latency-
associated proteins ORF99, ORF142, and ORF145 are depicted. ORF99, ORF142, and ORF145 consist of 99, 142, and 145 amino acids,

respectively.

cells, the H6LTs were not detected with the single amplifica-
tion alone but they were detected with the double-nested am-
plification (Fig. 6D). Thus, the observed predominance of the
HO6LT expression in the latent cells may indicate that the tran-
scripts mainly play their role(s) during latency rather than
during productive infection. Although low-level expression of
the latent transcripts was detectable in the productively in-
fected cells, this phenomenon is also observed in HCMV and
herpes simplex virus (19, 30).

The H6LTs in this study contained open reading frames
(ORFs) that were common to the productive-phase transcripts
IE1/IE2. However, they used novel transcription start sites,
and the structures of their 5’ non-coding regions were different
from those of the productive-phase transcripts. As a result,
novel short ORFs were located at the 5’ proximal region of the
H6LTs (ORF99, ORF142, and ORF145 shown in Fig. 4). A

TABLE 2. H6LT detection in healthy seropositive individuals”

Positive samples (no. positive/total [%])

Transcript
Adult PBMCs CBMCs
Type 1 IE1-related 1/20 (5) 0/20 (0)
Type I IE2-related 7/20 (35) 0/20 (0)
Type II IE1-related 14/20 (70) 0/20 (0)
Type II IE2-related 3/20 (15) 0/20 (0)
Productive-phase 0/20 (0) 0/20 (0)

“RNA from 107 PBMCs and 107 umbilical cord blood mononuclear cells
(CBMCs) was subjected to RT-PCR analysis for each HOLT. The U16/17 and
U100 transcripts were examined as productive-phase transcripts.

similar situation is observed in HCMYV latent transcripts; they
carry IE1/IE2 ORFs, and short ORFs appeared in the latency-
specific exon. Furthermore, in the case of the HCMV latent
transcripts the translation of IE1/IE2 protein was prevented
probably by the existence of the latency-specific ORFs up-
stream of the IE1/IE2 ORFs (16). Similarly, the HHV-6 1E1/
IE2 protein was not detectable in the latently infected macro-
phages (data not shown). These findings suggest that viral
replication of HCMV and HHV-6 may be suppressed at the
point of the translation of major immediate-early proteins dur-
ing latency. Comparable upstream short ORFs are observed in

TABLE 3. Percentage of H6LT-expressing cells and
copy number of each H6LT”

Copy number/cell

Transcript % Positive (copy number/H6LT-
positive cell)
Type I IE1-related 1.4+04 0.49 = 0.36 (35 = 26)
Type 1 IE2-related 47+38 2.8 = 0.75 (60 = 16)
Type II IE1-related 7431 53 *£32(72+43)
Type 11 IE2-related 23*1.1 0.87 = 0.62 (38 = 27)
Productive-phase IE1 4.3 +0.75" 35.8 = 14.4 (833 £ 335)°

“ Performed on four independent macrophage cultures. RT-PCR was per-
formed at least four times for each cell dilution, and the percentages of HOLT-
positive cells in the HHV-6 DNA-positive cells were estimated by the Reed-
Muench method shown in Fig. 6A. The copy number of the HOLT was also
estimated by the cDNA dilution study (Fig. 6B). The copy number of each HOLT
per HO6LT-positive cell is shown. The average of four independent cultures =+
standard deviation is given for each latent transcript.

b Percentage of TE1-positive cells in total cells.

¢ Copy number of IE1 in a single IE1-positive cell.
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FIG. 4. RT-PCR analysis of HOLTs. (A) RT-PCR analysis of the regions close to the 5’ ends of the HOLTs. mRNA from the HHV-6 latently
infected macrophages was analyzed by RT-PCR amplification. cDNA was synthesized with anchor primer RL-1. The first PCR was performed with
primers ULE1F2 and N1 (LSS1; lanes 1 and 3) or primers LEF2 and N1 (LSS2; lanes 2 and 4). The resultant PCR products were then amplified
with the following primer sets: ULE1F1 and IESRA (lane 1, 926-bp predicted product size), LEF1 and IESRA (lane 2, 460 bp), ULE1F1 and
IE6RA (lane 3, 952 bp), and LEF1 and IE6RA (lane 4, 486 bp). $X, Haelll-digested $X174 DNA. Arrows indicate the positions of PCR products.
(B) RT-PCR analysis of the IE1 exon 5 region of the HO6LTs. The first PCR products obtained in the experiment depicted in panel A with primers
ULEIF2 and N1 (lanes 1 and 4) or LEF2 and N1 (lanes 2 and 5) were amplified with the primer set IESFA and IESRB (lanes 1 and 2) or IESFB
and IESRC (lanes 4 and 5). As a control, the randomly primed cDNA from 10° productively infected MT-4 cells (lanes 3 and 6) was also amplified
by a single PCR with the primer set IESFA and IE5RB (lane 3) or IESFB and IESRC (lane 6). The sizes of the amplified products from the type
I and II H6LTs were the same as those from productively infected cells. \, Styl-digested A DNA. (C) RT-PCR analysis of the IE1/IE2 exon 6 region
of the HOLTs. The cDNA amplified with the type I transcript-specific PCR (lanes 1, 4, and 7) and with the type II-specific PCR (lanes 2, 5, and
8) and the cDNA from productively infected cells (lanes 3, 6, and 9) were further amplified by using the primer sets IE6FA and IE6RB (lanes 1,
2, and 3), IE6FB and IE6RC (lanes 4, 5, and 6), and IE6FC and IE6RD (lanes 7, 8, and 9). The sizes of the amplified products from the type I
and type II HO6LTs were the same as those from productively infected cells. N, Styl-digested X DNA.
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the mRNAs of cellular proteins, and they play important roles
in the regulation of cellular functions (17, 31). We hypothesize
that the reactivation signal of HCMV and HHV-6 may upregu-
late the translation of the downstream IE1/IE2 ORF and may
stimulate viral replication and that the H6LTs may function as
the source of the IE1/IE2 proteins that contribute to the effi-
cient reactivation of these viruses. This hypothesized function
is comparable to the possible function of herpes simplex virus
latency-associated transcripts, which may enhance viral reacti- 1
vation (9, 18).

Our findings revealed that the structures, the encoded
proteins, and the expression of the HHV-6 latency-associ-
ated transcripts were similar to those of HCMV latency-
specific transcripts (14, 16). The H6LTs and the HCMV
latency-specific transcripts may have some common function
during latency. It has previously been reported that the
HHV-6 late gene U94 (23, 25) is also expressed during

FIG. 5. Detection of H6LTs in naturally infected individuals. Rep-
resentative data of H6LT expression in 107 healthy donor PBMCs
examined by double-nested RT-PCR combined with Southern blot
hybridization. The predicted sizes of the amplified products are as
follows: the type I IE1-related HOLT, 926 bp; the type I IE2-related
HO6LT, 952 bp; the type II IEl-related HOLT, 460 bp; the type II
IE2-related HO6LT, 486 bp. Representative positive (lanes 1, 3, 5, and
7) and negative (lanes 2, 4, 6, and 8) cases are shown. Arrows indicate
the predicted sizes of the PCR products.
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FIG. 6. HOLT expression during latency, reactivation, and productive infection. (A) Percentage of HOLT-positive cells. We investigated the
expression of the type II IE1-related HOLT in HHV-6-infected macrophages. RNA from serially diluted HHV-6 latently infected macrophages was
amplified by double-nested RT-PCR with primers LEF2 and IESRD and LEF1 and IESRA. PCR products were hybridized with the cDNA
fragments encoding exons 3 and 4 of IE1. The numbers above the lanes indicate the number of cells in each sample tube. Each dilution was also
amplified by DNA-PCR, and the percentage of HHV-6 DNA-positive cells was calculated. Four tests at each dilution were performed to estimate
the percentage of H6LT-positive cells by using the Reed-Muench method. In the experiment shown, the estimated percentage of H6LT-positive
cells was 5.0%. The arrow indicates the predicted size of the PCR products. (B) Copy number of HOLT. mRNA from latent cells was reverse
transcribed and serially diluted, and the type II IE1-related HOLT was amplified by double-nested RT-PCR with primers LEF2 and IESRD and
LEF1 and IESRA. The template cDNA was equivalent to the amount of cDNA from a single HOLT-positive cell (lanes 1, 2, 3, and 4), 10~ " cell
(lanes 5, 6, 7, and 8), or 1072 cell (lanes 9, 10, 11, 12). Four tests at each dilution were performed to estimate the copy number of H6LT by using
the Reed-Muench method. In the experiment shown, the estimated copy number of the type II IE1 related HOLT was 46.8 copies/cell. (C) 5" RACE
amplification of the latent and reactivation-induced cells. mRNA from 10° latently infected macrophages (lanes 1, 3, and 5) and 10° reactivation-
induced macrophages (lanes 2, 4, and 6) was analyzed by the 5" RACE method. The RACE method used was the same as that used for the
experiment depicted in Fig. 2B. Lanes 1 and 2 show the products amplified first with primers N2 and IE4RB and then with primers N1 and IE4RA.
The 5’ ends of the productive IE1/IE2 or type I HOLTs were detected with primers N2 and IE4RB and N1 and IE2R (lanes 3 and 4). The 5’ end
of the type II H6LTs was identified with primers N2 and IE4RB and N1 and LER1 (lanes 5 and 6). L, latently infected macrophages; R,
reactivation-induced macrophages. (D) RT-PCR amplification of the latent, reactivation-induced, and productive cells. mRNA from 10° latently
infected macrophages (lanes 1, 2, 7, and 8; labeled L), from 10° reactivation-induced macrophages (lanes 3, 4, 9, and 10; labeled R), and from 10°
productively infected MT-4 cells (lanes 5, 6, 11, and 12; labeled P) was analyzed by single RT-PCR (lanes 1 to 6) and double-nested RT-PCR (lanes
7 to 12). For the single PCR amplification, the primers were those used as inner primers for the experiments depicted in Fig. 5. The expression
of the type I IE2-related HOLT (primers ULE1F1 and IE6RA; lanes 1, 3, and 5) and the type II IE1-related HOLT (primers LEF1 and IESRA;
lanes 2, 4, and 6) was examined. For the double-nested PCR amplification, the outer and inner primers were those used for the experiment depicted
in Fig. 5, and the expression of the type I IE2-related HOLT (primers ULE1F2 and IE6RE and ULE1F1 and IE6RA; lanes 7, 9, and 11) and the
type II IE1-related HOLT (primers LEF2 and IESRD and LEF1 and IESRA; lanes 8, 10, and 12) was examined. Arrows indicate the positions of
the PCR products. Haelll-digested $X174 DNA fragments were used as size markers (¢X).

2 3 456 7 8 9 10 1112

latency (27). Because other betaherpesviruses, such as
HCMYV and human herpesvirus 7, do not carry homologues
of U94 in their genome (3, 20, 24), the U94 gene may play
some specific role in HHV-6. The conserved features of the
HHV-6 and HCMV latent transcripts that we observed in
this study may assist us in understanding betaherpesvirus
latency further.

Nucleotide sequence accession numbers. EMBL/GenBank/
DDBJ accession numbers of HHV-6B IE1 and IE2 are
AB075773 and ABO075774, respectively. EMBL/GenBank/

DDBJ accession numbers of H6LTs are as follows: type I
IEl-related HOLT, ABO075775; type I IE2-related HOLT,
ABO075776; type 11 IE1-related HO6LT, AB075777; type 11 IE2-
related HOLT, AB075778.
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