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In order to clarify the protective immune responses against a newly identified herpesvirus, human
herpesvirus 6 (HEIV-6), we established HHV-6-specific human T-cell clones and examined their functional
properties. Five CD3+CD4+CD8- T-cell clones, which proliferated in response to stimulation with two
different strains of HEIV-6 in the presence of autologous antigen-presenting cells but not with herpes simplex
virus type 1 or human cytomegalovirus, were established from peripheral blood lymphocytes of a healthy
individual. The proliferative response of all T-cell clones to HEIV-6 antigen was inhibited by addition of
anti-HLA-DR monoclonal antibody, indicating that these clones were human leukocyte antigen (HLA) class II

DR restricted. Of the five clones, two lysed HHV-6-infected autologous lymphoblasts, but not HEIV-6-infected
allogeneic cells or natural killer-sensitive K562 cells (group 1); one showed cytotoxicity against HHV-6-infected
autologous lymphoblasts as well as HHV-6-infected allogeneic cells and K562 cells (group 2); and the remaining
two showed no cytotoxic activity (group 3). The cytotoxic activity of group 1 was inhibited by addition of
anti-HLA-DR monoclonal antibody to the culture, whereas this monoclonal antibody had no effect on the
cytotoxicity of group 2 and did not induce the cytotoxicity of group 3. Perforin, which is one of the mediators
of cytotoxicity, was abundantly expressed in group 1 and 2 clones. Moreover, all groups of clones produced
gamma interferon after culture with antigen-presenting cells followed by HHV-6 antigen stimulation. These
results suggest that HHV-6-specific CD4+ T cells have heterogeneous functions.

Human herpesvirus 6 (HHV-6) is a novel herpesvirus
originally isolated from patients with AIDS and lymphopro-
liferative disorders (9, 35, 42). A study by Yamanishi et al.
(44) has revealed that HHV-6 is a causative agent of exan-

them subitum, and seroepidemiological studies have shown
that most individuals become seropositive for this virus by
the age of 2 years (3, 4, 21, 24, 50).

It has been reported that various clinical symptoms, such
as lymphadenitis (11), hepatitis (10), mononucleosis (40),
and pneumonitis (5) may result from the reactivation of
HHV-6 in immunocompromised hosts. In addition, HHV-6
is frequently isolated from patients with a deficiency of
cell-mediated immunity, such as that associated with AIDS
or organ transplantation (1, 9, 35, 42). This evidence strongly
suggests that cellular immunity is most important in protec-
tion against and recovery from HHV-6 infection and that
investigation of the T-cell immune response against HHV-6
infection is required. However, although a few reports
describing the effects of HHV-6 on cytokine production by
monocytes and non-T cells have been published (12, 20),
very little is known about the T-cell response to HHV-6
infection.

Recently, we found that memory T cells showing a specific
response to stimulation with HHV-6 are generally present in
healthy adult populations (43). In the present study, we

established HHV-6-specific T-cell clones from peripheral
blood lymphocytes of a healthy individual and characterized
their functional properties to clarify the mechanisms of
protection against HHV-6 infection. Our results revealed
that human CD4+ HHV-6-specific T cells produce gamma
interferon (IFN-y) in response to stimulation with HHV-6
and that they show heterogeneous cytotoxic reactivity. On
the basis of the present data, the roles of CD4+ T cells in
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protection and recovery from infection with HHV-6 are

discussed.

MATERIALS AND METHODS

Viruses. The prototype GS strain of HHV-6 was isolated
from a patient with lymphoproliferative disorder (35), and
the Hashimoto (HST) strain was isolated from a patient with
exanthem subitum (44). They were grown in cord blood
mononuclear cells (CBMC), which were stimulated with
phytohemagglutinin P (PHA-P; Difco Laboratories, Detroit,
Mich.), at a final dilution of 1:1,000, and cultured in RPMI
1640 medium (GIBCO, Grand Island, N.Y.) supplemented
with 10% heat-inactivated fetal calf serum (FCS) (GIBCO)
and 0.5 U of human recombinant interleukin-2 (IL-2) (Take-
da Chemical Industries, Osaka, Japan) per ml as described
previously (44). The KOS strain of herpes simplex virus type
1 (HSV-1) was grown in HEp-2 cells. The AD169 strain of
human cytomegalovirus (CMV) was grown in Flow 7000
human embryonic fibroblasts.

Preparation of virus antigens. HHV-6-infected CBMC
were washed with phosphate-buffered saline (pH 7.2) and
rapidly frozen and thawed. The cells were then sonicated for
30 s in an ultrasonic disruptor (TOMY, Tokyo, Japan). After
centrifugation at 600 x g for 10 min, the supernatant was

exposed to UV light from a 15-W UV bulb for 10 min at a

distance of 10 cm to inactivate the virus. No cytopathic
effect on CBMC was detected after UV irradiation. Mock-
infected CBMC were also treated as described above and
prepared for the control antigen. HSV-1 and CMV antigens
were prepared from HSV-1-infected HEp-2 cells and CMV-
infected fibroblasts, respectively, as described above. Opti-
mal dilutions of HHV-6, HSV-1, and CMV antigens for
stimulation of T cells determined in previous experiments
were 1:20, 1:200, and 1:200, respectively.

Generation of T-cell clones. Peripheral blood mononuclear
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cells (PBMC) from an HHV-6-, HSV-1-, and CMV-seropos-
itive healthy adult were separated by Ficoll-Conray gradient
centrifugation and suspended in RPMI 1640 medium supple-
mented with 10% heat-inactivated pooled human AB serum
(this medium will be referred to as culture medium). HHV-
6(GS) antigen was then added to the cells, which were
seeded in a 96-well round-bottom microtiter plate at a
concentration of 1 x 105 cells per well and cultured at 37°C
in a 5% CO2 incubator. After 7 days, the blasts were seeded
at a concentration of 1 cell per well in round-bottom micro-
titer wells containing 0.2 ml of culture medium supplemented
with 0.5 U of IL-2 per ml and 1 x 105 mitomycin C
(MMC)-treated autologous PBMC. The growing cells were
then transferred to 16-mm wells and expanded. MMC-
treated autologous PBMC and HHV-6(GS) antigen were
added to the wells every 1 or 2 weeks. T-cell clones reactive
with HSV-1 and CMV were generated from PBMC stimu-
lated with HSV-1 antigen and CMV antigen, respectively, as
described above.

Monoclonal antibodies. Culture supernatants of hybrid-
omas, HU-4 directed against human leukocyte antigen DR
(HLA-DR) (16), HU-11 directed against HLA-DQ (22), and
w6/32 directed against HLA-A, HLA-B, and HLA-C (2)
were used for blocking experiments. OKT3 (CD3) (Ortho
Pharmaceutical Corp., Raritan, N.J.) was used for depletion
of T cells. OKT8 (CD8; Ortho), Leullb (CD16; Becton
Dickinson, Mountain View, Calif.), and NKH1A (CD56;
Coulter, Hialeah, Fla.) were used for depletion of CD8+ T
cells and natural killer (NK) cells. Phenotype analysis was
performed by direct immunofluorescence by using an Epics
profile flow cytometer (Coulter) with Leu4 (CD3), Leu3a
(CD4), and Leu2a (CD8) monoclonal antibodies (Becton
Dickinson).

Proliferative response of T-cell clones to virus antigens. One
thousand clone cells and 1 x 105 MMC-treated autologous
PBMC, as a source of antigen-presenting cells, in 0.2 ml of
culture medium, were seeded in round-bottom microtiter
wells to which 0.02 ml of virus antigen was added at the
optimal dilution. The culture plates were incubated at 37°C
in a 5% CO2 incubator for 72 h. For the final 16 h of
incubation, 1 ,uCi of [3H]thymidine ([3H]TdR; New England
Nuclear, Boston, Mass.) was added to each well, and the
cells were harvested onto fiberglass filter paper by using a
semiautomatic multiple-cell harvester. The incorporation of
[3H]TdR was determined by liquid scintillation counting. To
examine HLA restriction of the clones in the proliferative
response, we added monoclonal antibodies HU-4, HU-11,
and w6/32 to the culture medium at a final dilution of 1:500.
The incorporation of [3H]TdR was determined as described
above. These monoclonal antibodies had been proven pre-
viously to have no toxic effect at the concentration used in
this experiment (15, 16, 22).

Cytotoxicity assays. 51Cr-release assays were performed as
described previously (45). HHV-6-infected target cells were
prepared as follows. Autologous and allogeneic PBMC were
treated with 20 [lI of each of the OKT8, Leullb, and
NKH1A monoclonal antibodies and 1 ml of nontoxic rabbit
complement (Cedarlane, Hornby, Ontario, Canada) at a final
dilution of 1:3 to deplete CD8+ T cells and NK cells. The
cells treated with monoclonal antibodies were stimulated
with PHA and cultured for 4 days in RPMI 1640 medium
supplemented with 10% FCS and 0.5 U of IL-2 per ml. The
PHA-stimulated blasts were then infected with the GS strain
of HHV-6 and cultured in RPMI 1640 medium supplemented
with 10% FCS and IL-2. When the cytopathic effect was
detected, the cells were collected and used as the target cells

after elimination of dead cells. The target cells were incu-
bated for 1 h at 37°C with 200 FCi of 5 Cr (Na2CrO4; New
England Nuclear) and then washed three times with cold
RPMI 1640 medium supplemented with 10% FCS. Ten
thousand 51Cr-labeled target cells and various numbers of
effector cells were incubated together in 0.2 ml of RPMI 1640
medium supplemented with 10% FCS in round-bottom mi-
crotiter wells. Target cells were also added to wells contain-
ing medium alone and to wells containing 1% Triton X-100
(WAKO Pure Chemical Industries, Ltd., Osaka, Japan) to
determine the spontaneous and maximal release, respec-
tively. After 5 h, 0.1 ml of supernatant was removed from
each well and transferred to tubes for counting in a gamma
counter. The percentage of specific 51Cr release was calcu-
lated as follows: 100 x (cpm experimental release - cpm
spontaneous release)/(cpm maximal release - cpm sponta-
neous release). The spontaneous release from the target cells
never exceeded 20% of the maximal release. To examine the
ability of monoclonal antibodies to block the lysis of target
cells, we added HU-4, HU-11, and w6/32 to each well at a
final dilution of 1:50, as described previously (45). 51Cr-
release assays were performed as described above.

Production of IFN-.y by clone cells. Cloned T cells were
extensively washed, and then 5 x 105 clone cells and 1 x 106
cells that did not form rosettes with sheep erythrocytes (E-
cells), which had been completely depleted of T cells by
treatment with OKT3 and complement, were suspended in 2
ml of RPMI 1640 medium supplemented with 10% FCS and
cultured in 16-mm wells with HHV-6 antigen. The cells were
cultured for 72 h, and then supernatants were collected for
IFN--y assay, which was performed by radioimmunoassay
with anti-human IFN--y monoclonal antibodies (Centocor,
Malvern, Pa.).

Northern (RNA) blot hybridization. Cloned T cells were
stimulated with HHV-6 antigen in the presence of autolo-
gous antigen-presenting cells and cultured in culture medium
for 72 h. Next, the cells were harvested, and total cellular
RNAs were extracted as described previously (8). RNAs
(10-,ug portions) were denatured with formaldehyde and size
fractionated by electrophoresis on a 1% agarose gel. The
RNAs were then transferred to a nitrocellulose filter and
hybridized with 32P-labeled probes ([32P]dCTP; ICN Radio-
chemicals, Irvine, Calif.). The DNA fragments used as
probes were 1.4-kb human IFN--y cDNA (13) and 2.1-kb
human perforin cDNA (38).

RESULTS

Proliferative response of clone cells to HHV-6 antigens. Ten
T-cell clones were established by seeding blasts that had
been activated by stimulation with HHV-6(GS) antigen, at 1
cell per well in a total of 1,056 wells. Of these, five clones,
designated UTGS-1.3, UTGS-1.5, UTGS-2.1, UTGS-2.2,
and UTGS-2.3, were selected and used for further experi-
ments. Immunofluorescence with anti-HHV-6 antibody arid
polymerase chain reaction amplification of HHV-6 DNA
revealed that these T-cell clones were not infected with
HHV-6 (data not shown). We first examined their ability to
respond to stimulation with two strains of HHV-6 (GS and
HST) and HSV-1 and CMV antigens in the presence of
autologous antigen-presenting cells. As shown in Table 1,
T-cell clones generated from PBMC stimulated with HHV-
6(GS) were all found to proliferate upon stimulation with
HHV-6(GS) antigen. These clones also showed a prolifera-
tive response to stimulation with the other strain of HHV-6,
HST, but failed to respond to HSV-1, CMV, and mock-
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TABLE 1. Proliferative response of clonesa

Incorporation of [3H]TdR (cpm)b
Clone

HHV-6(GS) HHV-6(HST) HSV-1 CMV Mock

UTGS-1.3 4,394 (356) 4,681 (377) 953 (210) 1,142 (182) 944 (52)
UTGS-1.5 11,786 (978) 14,008 (491) 1,079 (21) 924 (58) 545 (18)
UTGS-2.1 4,902 (268) 5,557 (138) 594 (116) 951 (189) 846 (72)
UTGS-2.2 3,872 (570) 3,527 (166) 503 (152) 1,020 (207) 765 (216)
UTGS-2.3 3,511 (49) 4,572 (413) 999 (125) 1,026 (101) 921 (169)

UTKOS-3 314 (31) NDC 10,143 (697) 313 (49) 292 (29)
UTKOS-6 339 (33) ND 14,884 (2,272) 785 (20) 416 (56)

UTAD169-3 729 (67) ND 543 (104) 8,471 (1,016) 841 (73)
UTAD169-4 523 (12) ND 479 (48) 11,735 (1,290) 631 (25)

MMC-PBMC 221 (14) 188 (25) 191 (14) 369 (10) 277 (50)

a Incorporation of [3HJTdR into 104 clone cells in the presence of 10 MMC-treated autologous PBMC with HHV-6(GS), HHV-6(HST), HSV-1, CMV, or
mock-infected control antigen was determined during the final 16 h of a 72-h incubation.

b The values represent the mean counts per minute (standard deviation in parentheses) of triplicate wells.
c ND, not done.

infected control antigens. Conversely, T-cell clones which
proliferated in response to stimulation with HSV-1 and CMV
were generated from PBMC of the same donor stimulated
with HSV-1 and CMV antigens, respectively. These data
indicated that the five clones all had a HHV-6-specific
proliferative response. Their cell surface phenotype deter-
mined by flow cytometry appeared to be CD3+CD4+CD8-
in all cases (data not shown).
HLA restriction in proliferative response. HLA restriction

in the proliferative response of these HHV-6-specific CD4+
T-cell clones was examined by performing blocking experi-
ments with monoclonal antibodies against various HLA
framework determinants. The results (Table 2) revealed that
the proliferative response to HHV-6 antigen in the presence
of autologous antigen-presenting cells was inhibited by the
addition of monoclonal antibody directed against the class II
HLA-DR framework, but not by those against class I
HLA-A, HLA-B, HLA-C or class II HLA-DQ. These data
indicated that the restriction element of the interaction
between these T-cell clones and antigen-presenting cells in
the proliferative response to HHV-6 is HLA-DR.

Cytotoxic reactivity of clones. We next examined the ability
of clones to lyse HHV-6-infected cells. We prepared Ep-
stein-Barr virus-transformed B-lymphoblastoid cell lines as
target cells for 51Cr release assays, but we found that

TABLE 2. HLA-DR-restricted proliferative response
of clones to HHV-6a

Incorporation of [3H]TdR (cpm)b
Clone

No antibody w6/32 HU-4 HU-11

UTGS-1.3 4,390 (356) 3,946 (151) 518 (45) 3,108 (367)
UTGS-1.5 11,786 (978) 10,892 (260) 949 (124) 7,677 (879)
UTGS-2.1 4,902 (268) 5,027 (409) 267 (21) 4,118 (693)
UTGS-2.2 3,872 (570) 4,225 (817) 396 (65) 2,520 (388)
UTGS-2.3 3,511 (49) 2,949 (202) 244 (60) 2,698 (319)

a Incorporation of [3H]TdR into 104 clone cells in the presence of 105
MMC-treated autologous PBMC and HHV-6(GS) antigen with monoclonal
antibodies w6/32 (anti-HLA-A, anti-HLA-B, anti-HLA-C), HU-4 (anti-HLA-
DR), or HU-11 (anti-HLA-DQ) or without antibody was determined during
the final 16 h of a 72-h incubation.

b The values represent the mean counts per minute (standard deviation in
parentheses) of triplicate wells.

B-lymphoblastoid cell lines were hardly infected with
HHV-6, only a few virus particles being evident by electron
microscopy. Therefore, because of the finding by Takahashi
et al. (41) that HHV-6 preferentially infects on CD4+ T cells,
PHA-stimulated PBMC which had been depleted of CD8+ T
cells and NK cells (mostly CD4+ T cells) were infected with
IjHV-6 and used as target cells for HHV-6-specific T-cell
clones. Flow cytometry revealed that both HLA class I and
class II antigens were abundantly expressed on the cell
surface, and many virus particles were found in HHV-6-
infected T lymphoblasts by electron microscopy (data not
shown), suggesting that PHA-stimulated CD4+ T lympho-
blasts were useful as HHV-6-infected target cells in cytotox-
icity assays.
As shown in Table 3, the cytotoxic reactivity of HHV-6-

specific CD4+ T-cell clones was classified into three catego-
ries. UTGS-1.3 and UTGS-2.3 showed cytotoxic activity
against HHV-6-infected autologous cells, but not against
HHV-6-infected allogeneic cells or NK-sensitive K562 cells
(group 1). UTGS-2.1 showed cytotoxicity against HHV-6-
infected autologous cells as well as HHV-6-infected alloge-
neic cells and K562 cells (group 2). UTGS-1.5 and UTGS-2.2
did not show any cytotoxic activity (group 3). Cytotoxicity
assays were performed three times, and other HHV-6-
infected allogeneic cells, which shared no HLA antigens
with the clone cells, were also used for experiments. Con-
sequently, the same cytotoxicity patterns were obtained

TABLE 3. Cytotoxic reactivity of clonesa

% Specific 51Cr release from target cells
Clone

Auto(HHV-6+) Auto( _)b Allo(HHV-6 ) K562

UTGS-1.3 36.1 2.6 3.5 4.0
UTGS-2.3 21.4 0 2.9 4.2

UTGS-2.1 27.9 0.6 24.0 74.8

UTGS-1.5 0 0 0 1.2
UTGS-2.2 0 0 2.3 0.7

a Clones generated as described in Materials and Methods were tested for
their ability to lyse various target cells in 5-h 51Cr release assays at an
effector-to-target ratio of 10:1.

b Uninfected autologous cells.

VOL. 66, 1992



2776 YAKUSHIJIN ET AL.

TABLE 4. Inhibition of cytotoxicity by monoclonal antibodiesa

% Specific 51Cr release from HHV-6-infected
Clone autologous cells

No antibody w6/32 HU-4 HU-11

UTGS-1.3 36.1 26.6 0.8 33.9
UTGS-2.3 21.4 16.0 0 17.6

UTGS-2.1 27.9 26.0 25.9 29.2

UTGS-1.5 0 0 0 0.1
UTGS-2.2 0 0 0 0

a Lysis of HHV-6-infected autologous cells by clone cells was examined at
an effector-to-target ratio of 10:1 in the presence and absence of monoclonal
antibodies w6/32 (anti-HLA-A, anti-HLA-B, anti-HLA-C), HU-4 (anti-HLA-
DR), or HU-11 (anti-HLA-DQ).

(data not shown). These data indicated that HHV-6-specific
CD4+ human T cells have functionally heterogeneous cyto-
toxic reactivity.

Effect of monoclonal antibodies on cytotoxicity of clones. To
determine HLA restriction in the cytotoxicity of clones, we
performed blocking experiments with monoclonal antibodies
directed against HLA-A, HLA-B, HLA-C, HLA-DR, and
HLA-DQ. As shown in Table 4, the cytotoxicity of group 1,
which lysed only HHV-6-infected autologous cells, was
inhibited by a monoclonal antibody directed against the
HLA-DR framework. On the other hand, the cytotoxicity of
group 2, which lysed HHV-6-infected autologous cells as
well as HHV-6-infected allogeneic cells and K562 cells, was
not inhibited by monoclonal antibodies directed against
HLA-A, HLA-B, HLA-C, HLA-DR, or HLA-DQ. The
cytotoxicity of group 3 clones was not induced by addition of
monoclonal antibodies directed against HLA molecules on
target cells. These data suggested that group 1 consisted of
HLA-DR-restricted HHV-6-specific CD4+ cytotoxic T cells
(CTL), group 2 consisted of HHV-6-specific CD4+ T cells
with antigen-nonspecific cytotoxicity, and group 3 consisted
of HHV-6-specific noncytotoxic CD4+ T cells.

Production of IFN--y by clones. The HHV-6-specific CD4+
T-cell clones were examined for IFN--y production after
stimulation with HHV-6 antigen. Some clones produced a
small amount of IFN--y spontaneously, and all clones pro-
duced a large amount of IFN--y after stimulation with HHV-6
antigen (Table 5). Production of IFN-y by HHV-6-specific
CD4+ T-cell clones after stimulation with HHV-6 antigen
was confirmed by Northern blot analysis (Fig. 1).

Expression of perforin by clones. Finally, we investigated
whether the ability of clones to lyse target cells is correlated
with the expression of perforin, which is one possible

TABLE 5. Production of IFN--y by clonesa

IFN-y production (U/ml) with:
Cells cultured

No antigen HHV-6 antigen

E- <<10 <10
UTGS-1.3 + E- 32.2 97.2
UTGS-1.5 + E- <10 100.3
UTGS-2.1 + E- <10 100.9
UTGS-2.2 + E- <10 54.4
UTGS-2.3 + E- 31.6 95.7

a Clone cells (5 x 105) and autologous E- cells (1 x 106) were cultured with
or without HHV-6(GS) antigen for 72 h, and IFN-y production in culture
supernatants was assayed as detailed in Materials and Methods.
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FIG. 1. Northern blot analysis of IFN-y mRNA in HHV-6-
specific CD4+ human T-cell clones. RNA was prepared from each of
the following clones: UTGS-1.3 (lane 1), UTGS-1.5 (lane 2), UTGS-
2.1 (lane 3), UTGS-2.2 (lane 4), and UTGS-2.3 (lane 5). (A} Samples
(10 ,ug) of total cellular RNA were hybridized with a3 P-labeled
IFN-y cDNA probe. (B) Photograph of the corresponding total
RNAs stained with ethidium bromide. The size markers are 18S and
28S rRNAs.

candidate for a cytotoxic mediator. As shown in Fig. 2,
perforin mRNA expression was detected in all HHV-6-
specific CD4+ T cells, although the level of perforin expres-
sion was higher in HHV-6-specific and nonspecific CTL
clones than in noncytotoxic T-cell clones. Densitometric
analysis performed after short-term and long-term exposures
showed that the level of perforin expression in the cytotoxic
clones was about three times higher than that in the noncy-
totoxic clones (data not shown).

DISCUSSION

We have recently demonstrated that HHV-6-reactive
memory T cells are present in the vast majority of healthy
adults (43). In the present study, to further clarify the
T-cell-mediated immune response against HHV-6 infection
we established HHV-6-specific human T-cell clones and
examined their various biological functions. Important find-
ings obtained were as follows: (i) HHV-6-specific CD4+
T-cell clones, which were restricted by HLA-DR in their

1 2 3 4 5
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FIG. 2. Northern blot analysis of perforin mRNA in HHV-6-
specific CD4+ human T-cell clones. RNA was prepared from each of
the following clones: UTGS-1.3 (lane 1), UTGS-1.5 (lane 2), UTGS-
2.1 (lane 3), UTGS-2.2 (lane 4), and UTGS-2.3 (lane 5). (A) Samples
(10 ,ug) of total cellular RNA were hybridized with a 32P-labeled
perforin cDNA probe. (B) Photograph of the corresponding total
RNAs stained with ethidium bromide. The size markers are 18S and
28S rRNAs.
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proliferative response, showed heterogeneous cytotoxic re-
activity; (ii) all HHV-6-specific CD4+ T-cell clones, irre-
spective of cytotoxic activity, secreted IFN--y in response to
stimulation with HHV-6; (iii) all HHV-6-specific CD4+
T-cell clones expressed perforin mRNA, and the level of
perforin expression was higher in cytotoxic than in noncy-
totoxic clones.

Functionally, CD4+ T cells had been considered to be
helper/inducer T cells (34). However, we first demonstrated
the presence of HSV-specific CD4+ human CTL, which
were restricted by HLA class II antigens in both their
cytotoxicity and proliferative response (48, 49). Since our
reports, various virus-specific CD4+ major histocompatibil-
ity complex class II-restricted CTL have been found in
humans as well as in mice (14, 17, 18, 25, 27, 28). The group
1 clones reported here seem to correspond to such virus-
specific and major histocompatibility complex class II-re-
stricted CD4+ CTL. The antigenic specificities of group 1
clones for cytotoxicity and the proliferative response were
both HHV-6 specific, and these two functions were both
inhibited by addition of a monoclonal antibody directed
against HLA-DR. Therefore, this type of CD4+ T cell seems
to exhibit these two different functions, cytotoxicity and
proliferative response with lymphokine production, simulta-
neously via a single antigen-recognizing receptor, the CD3-
T-cell receptor complex. On the other hand, the group 2
clone showed HHV-6-specific proliferative response, but its
cytotoxic reactivity was not specific for HHV-6. In addition,
although the proliferative response was inhibited by addition
of a monoclonal antibody directed against HLA-DR, the
cytotoxic reactivity was HLA unrestricted. These findings
strongly suggest that the T-cell receptor on the group 2 clone
is undoubtedly specific for the epitope of HHV-6, although
its cytotoxicity is mediated via a structure other than the
CD3-T-cell receptor complex.
Murine CD4+ T cells are reported to show divergence into

two functionally distinct subpopulations (7, 29). That is,
CD4+ T-cell clones designated Thl synthesize IL-2, IFN-,y,
and tumor necrosis factor beta, whereas Th2 clones produce
IL-4 and IL-5. In addition, it has been shown that Thl clones
are cytolytic for appropriate target cells and can mediate
delayed-type hypersensitivity responses, whereas Th2
clones induce B-cell activation and are particularly impor-
tant in mediating immunoglobulin Gl and immunoglobulin E
production, but fail to mediate cytotoxicity (6, 30). In
contrast with the definite dichotomy of murine CD4+ T cells,
many human CD4+ T-cell clones have been reported to
secrete both Thl and Th2 lymphokines simultaneously (26,
31, 33, 36). All HHV-6-specific CD4+ human T-cell clones
generated in the present study secreted IFN--y in response to
stimulation with HHV-6 antigen, but were classified into
distinct groups according to the presence and specificity of
cytotoxic activity. These data are compatible with the re-
sults of our recent study, which showed that the majority of
HSV-specific CD4+ human T-cell clones were able to pro-
duce IL-2, IL-4, and IFN-y simultaneously, but were clas-
sified into HLA class II-restricted CTL, HLA-unrestricted
CTL, and noncytotoxic clones (47). These results suggest
that human CD4+ T cells certainly constitute heterogeneous
populations, although the classification of human CD4+
T-cell subpopulations seems to differ somewhat from that of
murine CD4+ T-cell subpopulations, Thl and Th2.
The mechanisms of cytolysis mediated by CTL and NK

cells have recently been studied in detail, and several
cytolytic mediators of lymphocytes have been character-
ized. One of these, perforin, has been suggested to be a

candidate for an effector molecule responsible for cell-
mediated cytotoxicity (32, 51). Recent studies have demon-
strated that the expression of perforin is restricted in some

CD8+T cells and NK cells (19, 39). In view of these findings,
we investigated whether CD4+T cells possessing cytotoxic
ability express perforin mRNA. Contrary to our expectation
from previous studies, although the expression level was

higher in cytotoxic than noncytotoxic clones, perforin
mRNA was detected in all HHV-6-specific CD4+ T-cell
clones, irrespective of the cytotoxic reactivity. Recent stud-
ies by us and other investigators have demonstrated that the
frequency of CD4+ T cells capable of lysing appropriate
target cells is higher than was previously thought, especially
for herpesvirus infection (37, 46). In addition, it was found
that even CD4+ T cells without spontaneous cytotoxic
activity can lyse target cells under certain circumstances,
such as culture with lectin (47). Indeed, the group 3 clones,
UTGS-1.5 and UTGS-2.2, which showed no spontaneous
cytotoxicity, lysed HHV-6-infected cells and K562 cells in
the presence of PHA (data not shown). Therefore, from the
results presented here, it can be suggested that perforin is an
important mediator for cytolysis in CD4+ T cells as well as

CD8+ T cells and NK cells.
Five of the HHV-6-specific T-cell clones generated in the

present study had a CD4+CD8- surface phenotype. Al-
though the number of established clones is limited, this
result suggests that CD4+ memory T cells may be activated
easily by stimulation with HHV-6 antigen. When considering
the evidence that reactivation of HHV-6 is frequently ob-
served in patients with CD4+ T-cell immunodeficiency, such
as that associated with AIDS and human T-lymphotropic
virus infection (1, 9, 35, 42), the role of CD4+ T cells in
protection against HHV-6 infection in vivo is of considerable
interest. The role of CD4+ T cells in protection against viral
infections has been discussed, focusing mainly on their
helper activity. However, the present results shed more light
from different viewpoints on the mechanisms of immune
responses against viral infections. Specifically, it can be
suggested that CD4+ T cells may directly and indirectly limit
the spread of HHV-6 infection by their cytotoxicity, as well
as their helper function for antibody production by B cells.
In addition, IFN--y produced by CD4+ T cells may inhibit the
replication of HHV-6 and augment the NK activity which is
important for resistance against viral infections. Moreover,
IFN-y, which is known to be an inducer of major histocom-
patibility complex class II antigens, may augment the
expression of HLA class II antigen on HHV-6-infected cells
and may consequently make virus-infected cells more sen-

sitive to lysis by CD4+ CTL. A recent study demonstrating
that HHV-6 latently infects mainly monocytes, which ex-

press HLA class II antigens on the cell surface (23), also
suggests the importance of CD4+ T cells in protection
against reactivation of HHV-6 in vivo. Taking these results
together, it can be postulated that CD4+ T cells play a key
role in protection against and recovery from HHV-6 infec-
tion.
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