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Lymphocyte Responses to Herpes Simplex Virus Type 2
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Lymphocytes with the regulatory CD4� CD25� phenotype frequently suppress memory T-cell responses.
Murine herpes simplex virus type 1 (HSV-1) models have shown that CD4� CD25� cells can limit immunity-
mediated corneal damage but slow viral clearance. We investigated the effect of CD4� CD25� cells from
healthy HSV-2-infected humans on recall proliferative (CD4) responses to HSV-2. Depletion and reconstitution
experiments were consistent with a suppressive effect of autologous blood-derived CD4� CD25� cells for whole
HSV-2 antigen. Regulatory T cells may modulate human CD4 memory responses to HSV-2 and influence their
antiviral and inflammatory functions.

Immune responses to chronic viral infections such as herpes
simplex virus type 1 (HSV-1) and HSV-2 are regulated by both
host and pathogen feedback mechanisms. Recently, CD4� T
cells expressing the interleukin-2 (IL-2) receptor CD25 in the
absence of known recent stimulation have been shown to
down-modulate T-cell responses in both antigen-specific and
nonspecific fashions and have been labeled T-regulatory
(Treg) cells (3). Treg cells may limit pathogen-induced immu-
nopathology and autoimmunity. Modulation of acquired im-
mune responses by CD4� CD25� cells has been detected in
several human infections (3).

HSV infections cause significant morbidity and mortality (5)
and may contribute to human immunodeficiency virus type 1
transmission (6). Improved vaccination and immunotherapy
are required, without triggering inappropriate immunity and
potentially worsening HSV-induced stromal keratitis (HSK) or
herpes-associated erythema multiforme (14). In the HSV sys-
tem in mice, CD4� CD25� cells have contrasting effects on
viral clearance and HSK. In vivo depletion of Treg was found
to increase acute and memory HSV-specific CD4-T-cell re-
sponses in mice (17). This correlated with faster clearance of
virus during primary HSV-1 challenge of Treg cell-depleted
mice and also with faster clearance of HSV epitope-bearing
reporter challenge viruses after previous vaccination with HSV
subunit vaccines during Treg cell depletion (18, 20). However,
Treg cell depletion was found to increase the systemic and
corneal levels of pathogenic Th1-pattern CD4 T cells and
worsen clinical scores in murine models of HSK (17).

We therefore performed in vitro analyses to investigate
whether circulating CD4� CD25� cells in HSV-2-infected per-
sons could regulate memory responses to HSV-2 antigen. Sub-
jects with known HSV-2 infection (2) and cytomegalovirus
(CMV) infection (12) status who were not symptomatic for
HSV at the time of phlebotomy were enrolled according to an

institutional review board-approved protocol. Heparin-antico-
agulated venous blood was processed (19) for peripheral blood
mononuclear cells (PBMC) that were used immediately. Con-
trol wells contained either 5 � 104 whole PBMC/well or 5 �
104 �-irradiated (4,000-rad) PBMC/well and either HSV-2
strain 333 (9) whole antigen (11) (105 PFU prior to UV irra-
diation) or similarly prepared mock antigen, whole CMV an-
tigen, or phytohemagglutinin (PHA) as described previously
(12) in 200 �l T-cell medium (11). PBMC were stained with
anti-CD4-tricolor (Caltag, Burlingame, CA), anti-CD25-phy-
coerythrin, and anti-CD14-fluorescein isothiocyanate (BD
Pharmingen, San Jose, CA) for 20 min at 4°C and sorted
(MoFlo; DakoCytomation, Fort Collins, CO). Gating excluded
nonlymphocytes and CD14� cells. Total CD4� cells, CD4�

cells with the brightest 1% CD25 staining, and CD4� cells with
the dimmest 40% CD25 staining were collected separately.
Postsorting reanalyses (n � 7) showed that 59.6% � 10.4% of
sorted CD4� CD25� cells had CD25 expression in the top 1%
region of the unsorted cells, compared to 0.01% � 0.03% of
the purified CD4� CD25low cells. Representative data are
shown in Fig. 1.

The responder cell populations evaluated were whole CD4�

cells (5 � 103 cells/well), CD4� cells depleted of CD25� cells
(5 � 103 cells/well), or CD25-depleted cells plus CD4� CD25�

cells (5 � 103 cells each). Responder cells were seeded with
4,000 �-irradiated PBMC (5 � 104 cells/well) as antigen-pre-
senting cells. Proliferation assays were performed, as described
previously (11), in triplicate or quadruplicate with the antigens
mentioned above. Supernatants were saved (�80°C), [3H]thy-
midine was added on day 6, and cells were harvested on day 7.
Gamma interferon (IFN-�) was measured in supernatants as
described previously (10). In control experiments, the whole
PBMC from each subject responded to HSV-2, PHA, and
CMV with a net [3H]thymidine incorporation of �10,000 cpm,
with the irradiated PBMC alone having a net response of
	1,000 cpm, as expected (data not shown).

The data available from eight healthy adult subjects were
consistent with a modulatory effect of CD4� CD25� cells on
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memory proliferative responses to HSV-2 antigen (Fig. 2). The
magnitudes of the changes in proliferation seen after the de-
pletion of CD4� CD25� cells, or the readdition of these cells
at a 1:1 Treg cell-responder cell ratio, were variable and rela-
tively small. Dose-response titrations of Treg cells would be
optimal in follow-up experiments. The Treg cell-responder cell
ratio in the add-back experiments, while higher than the in vivo
ratio, is typical of this type of in vitro system (21). For seven of
eight subjects, there was an increase in proliferation after Treg
cell depletion. All subjects showed a decrease after Treg cells
were added. We used the two-tailed Wilcoxon matched-pairs
signed-rank test (Instat 3.05; GraphPad, San Diego, CA) to
compare proliferative responses. For whole CD4 versus CD25-
depleted CD4 responder cells, the two-tailed P value was 0.016
for the median difference to be significantly different from
zero. By comparing CD25-depleted responders and wells to
which Treg cells had been reintroduced, the P value was 0.008.
Person-to-person variation was noted in both the increase seen
after Treg cell depletion and the decrease seen upon add-back,
similar to that noted previously for several human infectious
disease models (1, 4) and possibly related to differences in the
balance between proliferating antigen-specific cells and differ-
ent Treg cell subsets between individuals. We feel that the
decrease in counts per minute noted after the addition of
CD4� CD25� cells does not represent simple consumption of
medium resources or competition for [3H]thymidine, as the
total number of responder cells is very small (5 � 103 to 10 �
103 cells per well).

Other laboratories have previously reported that CD4�

CD25� lymphocytes can regulate memory CD4 responses to
CMV, as measured by ex vivo IFN-� accumulation (1). Recall
CMV-specific proliferative responses are also reduced by Treg
cells (1, 15). We studied a subset of six subjects who were CMV
seropositive. As with HSV-2, the Wilcoxon test indicated sig-
nificantly increased proliferation after CD4� CD25� cells were
depleted from whole CD4 cells and decreased responses when
Treg cells were added to CD25-depleted responders (P � 0.03
for each comparison). All six CMV-seropositive subjects had
an increase in proliferation after the removal of CD4� CD25�

cells and a decrease upon their addition. A similar effect on
CMV-specific proliferation was previously reported for human
immunodeficiency virus type 1-infected subjects (22). For
PHA, depletion of Treg cells did not increase responses in all
subjects, and the statistical test did not reach significance.

However, their addition to Treg cell-depleted responders did
significantly reduce the observed proliferation (P � 0.008).
Only four specimen sets were available for supernatant IFN-�
measurements. For each subject, the addition of Treg cells to
CD4� CD25-depleted responders caused decreased net IFN-�
production by CD25-depleted responders. This reduction of
IFN-� secretion reinforces data from the proliferation assays,
reducing the likelihood that decreased [3H]thymidine incorpo-
ration was due simply to competition for [3H]thymidine. Ad-
ditional experiments will be required to define possible differ-
ences in the sensitivities of proliferative and IFN-� responses
to regulation by CD4� CD25� T cells, as separate memory cell
subsets may proliferate and secrete cytokines (7).

The HSV-2-specific responses analyzed in this report are
most likely CD4� memory T-cell responses because we added
inactivated, rather than live, HSV-2 as a recall antigen. PBMC
that proliferate in response to irradiated HSV-2 and whole
CMV antigen are primarily CD4�, although some dilution of
CFSE (carboxyfluorescein diacetate succinimidyl ester) indic-
ative of cell division, in CD4-negative cells has been noted
(12). Cross-presentation of HSV-2 tegument proteins to mem-
ory CD8 T cells has been previously documented (10). We
have not yet evaluated the influence of Treg cells on CD8 T
cells in humans, although suppressive effects in mice in the
settings of primary and memory CD8 responses to infection
and immunization were previously noted (18, 20).

The antigenic specificity and mechanisms used by Treg cells
in our study are unknown. It is possible that both “natural”
regulatory T cells and antigen-specific T cells producing cyto-
kines such as IL-10 could be involved. Previous studies of the
Treg cell phenomenon for HSV in mice have implicated IL-10
(17). By using human HSK corneas recovered at transplanta-
tion, we recovered HSV-1-specific CD4� clones with both high
and low levels of antigen-specific production of IL-10 in re-
sponse to HSV antigen (13). These clones were able to prolif-
erate to antigen in vitro. Others have previously reported that
antigen-specific Treg cells typically proliferate poorly in cul-
ture (3), although there are exceptions (16). While our data
showed that CD4� CD25� cells can influence memory re-
sponses to HSV-2 in vitro, it is possible that other cell types
may exercise a regulatory role. Regulatory CD8� T cells and
NKT cells in various systems (8) have been described. The
integrated phenomenon documented in this report should be
dissectible using further cell fractionation and protein-blocking

FIG. 1. CD4 and CD25 staining for CD14� lymphocyte-gated, freshly prepared PBMC. Results are from a typical subject. The percentages of
cells in the indicated regions are listed. The left panel is before sorting of cells; the middle and right panels are analyses of sorted CD4� CD25low

and CD4� CD25� cells, respectively.
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reagents and may provide insight into HSV-2 pathogenesis if
applied to defined cohorts or over time. The disease burdens of
recurrent lytic HSV infection and inappropriate corneal in-
flammation in HSK call for a better understanding of the
factors that balance the cellular immune response to HSV.
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FIG. 2. Effect of depletion and addition of CD4� CD25� cells on
[3H]thymidine incorporation proliferative responses to whole HSV-2
and CMV recall antigens in seropositive donors and to PHA. Data for
CD25 depletion (solid bars) are the differences between the mean
counts per minute for CD25-depleted CD4 responder cells minus the
mean counts per minute for unsplit CD4 responder cells. Data for
CD25 add-back experiments (open bars) are the differences between
the mean counts per minute for CD4 responder cells with CD4�

CD25� cells added back minus the mean counts per minute for CD4
responder cells depleted of CD4� CD25� cells. The same eight sub-
jects are presented in order for HSV-2 and PHA. For the six CMV-
seropositive subjects, the subject numbers corresponding to the HSV-2
and PHA data are shown.
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