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Abstract

Background: The IFN-y ELISPOT assay has been used to examine the T-cell repertoire for many
disease states in humans but, as yet, not genital herpes. Using overlapping synthetic peptide
libraries, an IFN-y ELISPOT assay was established that could measure CD4 and CD8 T-cell
responses to HSV-2 antigens in patients with genital herpes.

Results: In unexpanded T-cells isolated from peripheral blood, CD4 responses were readily
measured against four immediate early antigens (ICPO, ICP4, ICP22 and ICP27), VP22 and gD. The
CD4 responses were characterized by a low number of positive cells which produced large
ELISPOTs. CD4 responses had a broad specificity and within individual patients several of the test
antigens were recognized. In contrast, CD8 responses were found only in approximately 50% of
patients and were typically specific to a single antigen. When disease status and immune responses
were compared, an enhanced CD4 response to ICP4 in patients with a low recurrence rate was
found. The ICP4 response was striking in three HSV-1| single positive genital herpes patients.

Conclusion: The survey of T-cell responses is an important step to understand the host cellular
immune response in individuals with genital herpes. The assay described here has the capability of
measuring CD4 and CD8 T-cell responses that may be used to correlate disease status with specific
immune responses. In an evaluation of 18 subjects a trend of positive responses to an immediate
early protein, ICP4, was found in individuals that had a low rate of disease recurrence.

Background

Genital herpes is a highly prevalent sexually transmitted
disease found world-wide and is considered to be a major
health burden [1,2]. The causative agent is usually Herpes
simplex virus type 2 (HSV-2) although genital herpes
caused by the closely related HSV-1 is becoming more
prevalent [3,4]. Transmission of virus is primarily through
sexual contact and after the initial acute disease a latent
infection is established in the dorsal root ganglia of the

sensory neurons. From the latent state, the virus can re-
activate causing recurrent disease and virus shedding
[5,6]. Both antibody and cellular responses are important
to control HSV [7,8]. Although antibody responses are
able to neutralize virus and reduce disease in animals and
humans, they do not provide sterilizing immunity. As
well, once a latent infection has been established the pres-
ence of high levels of antibody does little to protect
against virus reactivation or recurrent disease. Cellular
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Table I: Description of peptide pools. The number of peptides within a given pool is indicated as well as the region of the protein that
the peptide sequences would correspond to. The virus strain that the peptide sequence was based on is indicated.

Pool Number of Peptides within Amino Acid Virus Strain Peptide size/
peptides pool coordinates overlap
ICP27 (all) 72 1-512 HSV-2 MS 18/11
ICP27-1 36 1-36 1-263
ICP27-2 36 37-72 253-512
ICP22 (all) 58 1414 HSV-2 MS 18/11
ICP22-1 29 1-29 1-213
ICP22-2 29 30-58 203414
ICPO 3 HSV-2 MS 18/11
ICPO-1 37 1-37 1-270
ICP0-2 37 38-74 260-529
ICP0-3 39 75-113 519-801
ICP4 189 HSV-2 MS 18/11
ICP4-1 32 1-32 1-233
ICP4-2 32 33-64 223457
ICP4-3 32 65-96 447-681
ICP4—4 32 97-128 671-905
ICP4-5 32 129-160 895-1129
ICP4-6 29 161-189 1119-1331
gD 55 1-55 1-300 HSV-2 HG52 19/11
VP22(2) 42 142 1-393 HSV-2 HG52 19/11
VP22(1) 42 142 1-301 HSV-1 17 19/11

immune responses to HSV are of interest because it is
believed that a strong cellular response in addition to an
antibody response is important for optimal prevention of
HSV disease. Furthermore, it may be the cellular response
that is most crucial to control recurrent disease[9-11].

For chronic disease states such as genital herpes, it is
important to evaluate the specificity of the T-cell response.
Identification of antigens recognized by the immune sys-
tem is an important description of the character of the
immune response. Being able to correlate a specific pat-
tern of immune response to the disease state may allow
identification of the type and specificity of the T-cell
responses that hold particular importance for control of
the disease. A full understanding of the cellular immune
responses in humans infected with HSV is not available.
Only recently have reports on the detailed specificity of
the T-cell response to HSV-2 begun to appear. These have
used cloned T-cell lines to define specificities of several
CD4 and CD8 T-cells[7,12,13]. Previous work was able to
identify cytotoxic responses to several HSV anti-
gens|[14,15]; however, in humans there has been no cor-
relate of the specificity of immune responses with the
control of the disease.

Of the many methods to measure cellular immune
responses, the IFN-y ELISPOT assay in particular has been
found to be an extremely versatile assay[16,17]. The IFN-
v ELISPOT assay is able to measure immune responses
with high precision and sensitivity, and is ideal for screen-
ing purposes. The assay identifies T-cells that recognize

antigens of interest by stimulating cultured T-cells with
antigen and measuring a response by the secretion of the
cytokine IFN-y. Since IFN-y has been identified as an
important component of the protection against
HSV[18,19], measurement of the IFN-y response has rele-
vance to control of HSV disease. Recent developments in
peptide synthesis have allowed antigens of interest to be
synthesized as a library of small peptides whose sequences
span the entire protein. Construction of peptides with
overlapping sequences can yield libraries that have a high
probability of containing any epitope of interest. Because
the libraries are not generated to produce epitopes for spe-
cific MHC alleles, these libraries can be used to test T-cells
from any genetic background or species. These libraries
have facilitated a rapid identification of immune
responses for many antigens.

Considering that HSV codes for at least 75 potential anti-
gens, some selection of targets for testing must be made.
The immediate early antigens are of interest because they
are considered to be a group of proteins in which CD8
responses may be generated and the CD8 response in par-
ticular may be important for control of HSV[9,20,21]. The
immediate early antigens are also of interest as potential
vaccine antigens because they appear at the start of a rep-
licative cycle and responses to them could act early in
infection. VP22 is a structural antigen that is expressed
later in the infection, and unlike the immediate early anti-
gens is present on the virus particle. Both CD4 and CD8
responses have been identified against VP22 in
humans|[12,22]. Another late antigen of interest is gD
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Figure |

Comparison of ELISPOTs generated by CD4 and
CD8 cells. CD4 ELISPOTs were detected in a CD8
depleted PBMC sample that had been stimulated with a 1 X
dose of gD peptides (A). CD8 ELISPOTs were assayed in a
CD4 depleted PBMC sample stimulated with either a I X (B)
or 10X (C) dose of an ICP4 peptide pool.

which has been studied extensively as a HSV antigen
because of the protective antibody response generated by
gD in animal models [23,24]. Thus, a comparison of the
responses to the immediate early antigens and the late
antigens (VP22 and gD) should further delineate the dif-
ferential cell-mediated immune responses in humans.

http://www.virologyj.com/content/3/1/54

Results

Detection of HSV-2 specific responses in CD4 and CD8 cell
populations

Initial experiments were able to identify HSV-2 specific
responses in unfractionated PBMC samples using an IFN-
y ELISPOT assay (data not shown). To characterize the
CD4 and CD8 T-cell populations, PBMC samples were
depleted of either CD4 or CD8 cells using magnetic beads
and the remnant cells designated as CD4 cells (CD8
depleted PBMC sample) and CD8 cells (CD4 depleted
PBMC sample) were assayed by an IFN-y ELISPOT assay
(Table 2). The peptide dose needed to stimulate the T-cells
was different for the two populations. For CD4 cells, a
dose of 0.33 ug/ml of each individual peptide within the
pool (defined as 1X) was effective (Table 2) and could be
lowered 10 fold without loss of activity (data not shown).
In contrast, CD8 cells required a minimum of 3.3 ug/ml
dose of each individual peptide (defined as 10X) to stim-
ulate IFN-y secretion.

The CD4 cell population showed positive responses to
several peptide pools at the 1X and 10X peptide doses,
although the responses were reduced when the 10X dose
of peptide was used (Table 2). When the PBMC sample
was depleted of CD4 cells and assayed with the 1X peptide
dose (Table 2: CD8 cells, 1X dose) no ELISPOTs were
detected. This verifies that the cells secreting IFN-y at the
1X dose level are CD4 cells and not another cell popula-
tion. In this particular sample a weak CD4 response
(defined as below 25 ELISPOTs per Y2 million cells) was
found against ICP27, and a strong response to pool 2 of
ICPO, pools 3/4 and 5/6 of ICP4, VP22 and gD. The
responses to pool 3 of ICP0 and pool 1/2 of ICP4 were not
considered positives as these responses were not seen
upon a repeat assay of this sample. A positive CD8

Table 2: HSV-2 specific responses in the CD4 and CD8 cell populations. Number of ELISPOTSs per 500,000 original PBMCs measured
in samples depleted of either CD8 cells (designated CD4 cells) or depleted of CD4 cells (designated as CD8 cells) stimulated with
various peptide pools in the IFN-y ELISPOT assay. The peptide pools are described in Table | and the 1 X dose of peptide is
approximately 0.33 ug/ml of each individual peptide within the pool and the 10X dose is approximately 3.3 ug/ml of each peptide
within the different pools. Control peptide is a single negative peptide. Sample was from subject 3.

CD4 cells CD8 cells
Peptide pools 1 X dose 10X dose IX dose 10X dose
ICP27 all 15 2 0 0
ICP22 all 0 3 0 |
ICPO-1 0 2 0 0
ICP0O-2 34 6 0 0
ICPO-3 6 0 0 |
ICP4-1/2 3 0 0 0
ICP4-3/4 45 26 0 43
ICP4-5/6 35 14 0 128
VP22 89 5 0 6
gD 47 25 0 0
Control peptide 0 0 0 0
Page 3 of 15

(page number not for citation purposes)



Virology Journal 2006, 3:54

response (Table 2) was found for ICP4 pools 3/4 and 5/6
when the 10X dose of peptides was used. Intracellular
cytokine staining assayed by Flow cytometry using the
same peptide pools, and run in parallel with the ELISPOT
assay, confirmed that the responses measured were from
the CD8 population (data not shown).

One feature of CD4 ELISPOTs is that they are typically
very large (Figure 1A) and can easily be seen without a
microscope. The CD8 cell population in the IFN-y ELIS-
POT assay was not responsive to the 1X dose of peptide
(Figure 1B) and required the higher 10X dose for stimula-
tion (Figure 1C). CD8 ELISPOTs were typically smaller
than the CD4 ELISPOTs.

Optimization of the IFN-y ELISPOT assay

The IFN-y ELISPOT assay was refined by using the CD8
population that had been bound to the magnetic beads
and physically separated from remnant CD4 cells since
both of these cell populations are still functional in an
IFN-y ELISPOT assay. This reduces by one half the amount
of blood needed for the assay which is of great value for
cellular assays where the amount of sample is usually lim-
iting. The IFN-y ELISPOT assay was, therefore, split into
two separate assays. The CD4 IFN-y ELISPOT assay used a
PBMC sample depleted of CD8 cells as the source of T-
cells whereas the CD8 IFN-y ELISPOT assay tested CD8
cells that had been positively selected onto magnetic
beads. Several experiments were done to confirm the
validity of the procedure and to ensure that positive selec-
tion of CD8 cell populations on magnetic beads yields a
cell fraction with comparable activity to unfractionated
PBMCs.

Flow cytometric tracking of T-cell populations in PBMC
samples before and after magnetic bead depletion (Figure
2) showed that the depletion was very effective. Before
depletion of CD8 cells with magnetic beads, the PBMC
sample had a CD8/CD3 double positive population of
approximately 19% of total cells. When the CD8 T-cells
were magnetic bead depleted by 1X (manufacturers rec-
ommendation), 2X or 1/2X bead loads, the proportion of
CD8 cells remaining were 0.15%, 0.11% and 0.41%,
respectively, thus resulting in a 99% depletion. In another
PBMC sample, 97% of the CD8 cells were removed when
using the 3 different amounts of beads. Thus, magnetic
bead depletion of PBMC samples is expected to remove
greater than 95% of the CD8 cells and significant cross
contamination of T-cells in the two different IFN-y ELIS-
POT assays is very low.

To evaluate the activity of T-cells that were bound to mag-
netic beads, PBMC samples were depleted of either CD4
or CD8 cells and then both the beads and the remnant
cells were tested in the IFN-y ELISPOT assay (Figure 3). For

http://www.virologyj.com/content/3/1/54

the CD4 responses, one PBMC sample that had been
divided into bead-bound CD4 cells and free CD4 cells was
tested against a panel of 12 different peptide pools. The
ELISPOTs measured in the free CD4 cells were always
higher than the assay done with bead-bound CD4 cells.
Total ELISPOTs from all wells was 92 for the bead-bound
CD4 cells and 288 for the free CD4 cells, indicating that
CD4 cells positively selected onto magnetic beads do not
have the same activity as CD4 cells within a PBMC sam-
ple.

For assay of CD8 responses, PBMC samples from patients
known to have positive responses were fractionated into
bead-bound CD8 cells and free CD8 cells and tested
against positive peptide pools (ICP4 or VP22) under a
variety of experimental conditions. Twenty-four of these
side-by-side comparisons yielded very similar results (Fig-
ure 3B). The total ELISPOTs counted from the 24 different
replicates was 1892 for the bead-bound CD8 cells and
1717 for free CD8 cells indicating that the bead bound
CD8 cells and the free CD8 cells generate the same
response under these assay conditions. The ability of CD8
cells to respond to peptide when bound to beads suggests
that antigen presenting cells are not required or are not
limiting under the conditions of the assay. In support of
this, experiments in which antigen presenting cell popula-
tions were either added or removed had no effect on the
CD8 IFN-y ELISPOT assay (data not shown).

Survey of T-cell responses from infected subjects

PBMCs from a total of 18 individuals were tested using
the CD4 and CD8 IFN-y ELISPOT assays in which the CD4
response was measured in CD8 depleted samples and the
CD8 response was measured by CD8 cells bound to mag-
netic beads. A panel of several HSV-2 antigens were tested.
Information was gathered on their use of antivirals, recur-
rence rates (based on subjects recollection but not con-
firmed medically), sex and age. A commercial serological
test was used to determine serostatus of the patients
(Table 3). No HLA typing was performed and because of
this no attempt was made to define epitopes in positive
peptides.

The CD4 IFN-y ELISPOT assay results were tabulated
using a relative strength of response with 25 or more pos-
itive spots per one half million cells being a strong
response and a weak response were those above the back-
ground but below and up to 25 spots per one half million
cells (Table 4a). For CD8 responses, only those responses
that were positive are indicated (Table 4b). Only positive
responses verified by a second assay were considered pos-
itives. Subject 4 is a double negative patient based on the
serotyping assay and did not have any positive responses
in the IFN-y ELISPOT assay. It is readily apparent from
Table 4, that the CD8 responses are narrow and focused
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Figure 2

Flow cytometry of CD8 T-cell populations in PBMC
samples with and without depletion of CD8 cells by
magnetic beads. PBMC samples were depleted of CD8
cells using 1/2X, 1X and 2X the manufacturers recom-
mended amount of beads (approximately 10 beads per CD8
cell) prior to Flow cytometry. The percent of total cells that
are CD3/CD8 positive is indicated.

on small numbers of antigens, whereas the CD4 responses
recognize a broad range of antigens.

CD8 responses

Definition of CD8 responses

Eight of the 17 infected subjects had positive CD8
responses with PBMCs from only two individuals recog-
nizing more than a single antigen. Responses were found
to VP22, ICPO and ICP4. No CD8 responses were identi-
fied for ICP27, ICP22 or gD in the population tested. The
specific peptides responsible for the responses were deter-
mined by reassaying PBMCs from samples with sufficient
material with peptide pools containing fewer peptide spe-
cies. In two individuals with positive responses to VP22,
an epitope was localized to the same two overlapping
peptides, RGAGPMRARPRGEVRFLHY and RPRGEVRFL-
HYDEAGYALY. These two peptides both contain the RPR-
GEVRFL sequence that is one of the few known CD8
epitopes for HSV-2[12]. A response against ICP0O was also
narrowed to a single peptide but did not contain any
sequences previously described as a CD8 epitope.

http://www.virologyj.com/content/3/1/54

Dose and length dependence of CD8 peptides

The peptide pools were composed of peptides of 18 or 19
amino acids in length, which is longer than needed for
CD8 epitopes [25]. The increased length may be responsi-
ble for the high dose requirements of the CD8 assay. Once
a positive epitope was identified, a series of peptides of
various lengths were synthesized to examine the effect of
peptide length on CD8 responses. Peptides of 10, 14 or 18
amino acids in length were synthesized to contain the
epitope defined for VP22. Using concentrations of 10, 3,
1 and 0.3 ug/ml of peptides, the response of subject 14 to
the different peptide doses was measured (Figure 4). Sim-
ilar responses were found for the three peptides at high
doses, however, as the dose was reduced below 3 ug/ml
the 18mer peptide began to lose activity. The 10mer pep-
tide maintained activity at all doses, whereas the 14mer
showed an intermediate activity suggesting that the dose
dependency of the CD8 IFN-y ELISPOT assay is related to
the length of the peptides. Although longer peptides may
be less active at low doses, the concentration of peptide
used for the CD8 IFN-y ELISPOT assay is sufficient to
identify CD8 responses using long peptides.

EBV CD8 responses

Since very few positive CD8 responses were identified in
the samples tested, an additional control was used to
assess the capability of the samples, and the assay, to
measure CD8 responses. EBV infection is very common in
humans and the CD8 response to several antigens have
been defined [26]. A pool of peptides representing CD8
epitopes for EBV was used to compare EBV specific CD8
responses with HSV-2 specific CD8 responses within the
same PBMC samples (Figure 5). Using 8 available frozen
samples, responses against the HSV-2 antigens and the
EBV peptides were measured with the CD8 IFN-y ELISPOT
assay. Strong positive responses to the EBV pool were
detected in 6/8 samples whereas only 3 of these samples
were positive for HSV-2 responses. Notably, samples that
did not have positive HSV-2 responses could have strong
positive CD8 responses to EBV. These results confirm the
capability of the CD8 IFN-y ELISPOT assay to measure
CD8 responses and that samples negative for HSV-2 spe-
cific CD8 responses are still active. The average strength of
the ELISPOT positive responses was greater for the EBV
antigens (115 spots) than to HSV-2 antigens (30 spots).

CD4 responses

Specificity

CD4 responses were found to have a broad specificity
with positive responses to multiple antigens in all patients
(see Table 4A). Responses to VP22, gD, ICP4 and ICPO
were consistently strong and found in most patients. The
CD4 responses to ICP27 and ICP22 were generally weaker
and less common than the other antigens.
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Figure 3

Comparison of responses by bound and free CD4 and
CD8 T-cells. PBMC samples were treated with magnetic
beads specific for CD4 or CD8 cells. Bound CD4 and CD8
cells (black bars) and free cells CD4 and CD8 cells (grey
bars) were assayed by the IFN-y ELISPOT assay. CD4 sam-
ples were tested against a library of 12 different peptide
pools (Panel A). CD8 samples were tested under various
experimental conditions against select positive peptide pools
(panel B). Number of ELISPOTS/well is plotted on the Y-axis.
The amount of cells placed in each well are those recovered
from an original 0.5 million PBMCs.

Stability of CD4 responses

The stability of the strength and specificity of the CD4
responses to the different antigens was examined in
sequential blood samples. Three blood samples were
obtained from two individuals at approximately 1-month
intervals and the CD4 responses were tested (Figure 6).
These two individuals did not have positive CD8
responses. When comparing responses measured in fresh
PBMC samples for the 3 bleeds, the pattern of positive and
negative pools remained the same (data not shown).
When frozen samples were used for simultaneous quanti-
tative comparison on the same ELISPOT plate, the values
were similar. Neither subject reported a recurrence during
the time between the blood draws. Thus, the strength and

http://www.virologyj.com/content/3/1/54

specificity of the CD4 responses in individuals was found
to be stable over time.

Comparison of T-cell responses and subject characteristics
One goal of studying the immune responses from infected
individuals is to correlate disease severity to immune
responses. Although the mixed population of 17 infected
subjects studied here represents a small sample size, some
trends were apparent. When immune response measures
and disease status were compared in the test population a
trend in the CD4 response to ICP4 and disease recurrence
was found (Table 5). When subjects were divided into
those with low recurrence rates of 2 or fewer per year, and
those with rates above 2 per year, the low recurrence
group showed a higher CD4 response to ICP4. In contrast,
all other antigens had a low CD4 response when subjects
had few recurrences. To quantitate this effect the number
of all ELISPOTs (E#) measured for each peptide pool was
totalled and listed in Table 5. The ELISPOTs for each pro-
tein were totalled and the ratio of the ELISPOTs from the
low recurrence subjects to the high recurrence individuals
was calculated (Table 5). Only the response to ICP4 had a
ratio that was greater than 1.0. The subjects with stronger
CD4 responses to ICP4 tend to show weak responses to
VP22 and gD; two antigens that are generally strong. In
individuals with low recurrence rates, the total number of
CD4 ELISPOTs for ICP4 was approximately 3 times more
than to VP22, whereas the high recurrence group shows
roughly the same number of ELISPOTs for these two anti-
gens. Although not as apparent as with ICP4, the CD4
responses to ICPO also seem to follow the same trend of
greater strength than VP22 responses in subjects with low
recurrences.

It is noteworthy that Subject 11 (Table 5) was the only
subject that was taking a daily regimen of Valtrex. This
individual reported two recurrences per year and thus, was
included in the low recurrence group. However, the pat-
tern of the CD4 response (stronger responses to VP22 and
gD, weaker response to ICP4) appears to be more like that
of the high recurrence individuals. Thus, for this individ-
ual the use of daily antiviral may be responsible for the
reduction in the number of recurrences rather than the
immune response pattern typical of subjects that have a
high number of recurrences.

The correlation of immune responses and recurrence rates
was reanalyzed by grouping subjects with respect to their
HSV serostatus, since this can correlate with disease sever-
ity and recurrence rates [27]. The subjects tested showed a
slight trend of more recurrences in HSV-2 single positive
subjects, fewer recurrences among HSV-1/HSV-2 double
positive individuals and the fewest recurrences in HSV-1
single positives (data not shown). Comparison of the
strength of CD4 responses (Table 6), however, did not
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Table 3: Subject characteristics. Individual characteristics of subjects used in this study. Subjects are numbered by the order of first
blood collection. Some subjects had 2 or 3 blood draws. Recurrence rates are based on patients recollection and were divided into
groups of low recurrence rates (L) of 2 or fewer per year and high recurrence rates (H) for subjects that stated having more than 2
recurrences a year. Positive designation for antivirals are those patients that were using antivirals at the time of blood draw. To
determine serostatus the HerpeSelect | & 2 immunoblot kit from Focus technologies was used. Patient 4 is a double negative.
Subjects 6 and 15 were using acyclovir and subject | | was using daily doses of Valtrex.

Subject Sex Age Antiviral Recurrence rate Serostatus

| M 37 - H HSV-2/HSV-I
2 F 38 - L HSV-2/HSV-I
3 F 47 - H HSV-2/HSV-I|
4 M 29 - na -

5 M 34 - H HSV-2/HSV-I
6 F 49 + H HSV-2

7 F 22 L HSV-1

8 F 42 - H HSV-2

9 F 24 - L HSV-2

10 F 19 - L HSV-1

11 F 29 + L HSV-2/HSV-I
12 M 28 H HSV-2

13 F 40 - L HSV-2

14 F 38 - H HSV-2

15 M 59 + H HSV-2/HSV-I
16 F 45 L HSV-2

17 M 27 - L HSV-1

18 M 53 - L HSV-2

show a clear trend relative to serostatus. Thus, stronger = and no response to VP22 or gD. To ensure that these indi-
ICP4 and weaker VP22 and gD CD4 responses correlate  viduals were not solely responsible for the immune bias
better with the rate of recurrences than with serostatus. found in Table 5, these patients were excluded and the
ratios recalculated. Even after exclusion of these HSV-1
The three HSV-1 single positive individuals had an  single positive patients the pattern of stronger ICP4 and
extremely skewed CD4 response (Table 6) towards ICP4  weaker VP22 and gD CD4 responses was maintained.

Table 4a: CD4 IFN-y ELISPOT assay results. CD4 responses measured by the CD4 IFN-y ELISPOT assay were graded based on their
strength into either negative (blank), weak (W) of less than 25 ELISPOTSs/0.5 million PBMCs or strong (S) of 25 or more ELISPOTSs/0.5
million PBMCs.

CD4 RESPONSES

Subject  ICP27 ICP22  ICPO-1 ICPO-2 ICP0-3 ICP4-1 ICP4-2 ICP4-3 ICP44 ICP4-5 |ICP4-6 VP22 gD

| S S w w w w S w
2 W S S S
3 w S S S S S S
4

5 w w S w S
6 w w S w w w S S
7 S w

8 w S w w w w
9 w S w S w S w w
10 w S

Il w w w w S S
12 S S w W w W S S S
13 S S S
14 S
15 w S w w w S S
16 w S w S
17 S S

18 w S w w S S S w
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Table 4b: CD8 IFN-y ELISPOT assay results. CD8 responses measured by the CD8 IFN-y ELISPOT assay were designated as either

negative (blank), or positive (P).

CD8 RESPONSES

Subject ICP27  ICP22  ICPO-I ICPO-2 ICP0-3 ICP4-| ICP4-2 ICP4-3 ICP44 ICP4-5 ICP4-6 VP22 gD
|

2 P
3 P P P

4

5 P P
6

7

8 P

9 P P

10

I

12

13

14 P
5 P
16

17

18 P

HSV-1 single positive patients

The three single positive HSV-1 subjects (7, 10, 17) had a
very distinct pattern of responses to ICP4 with no or weak
responses to all other antigens. Interpreting these results is
complex since the ICP4 peptide library was based on the
sequence of HSV-2 MS strain which has an approximate
60% homology to HSV-1 for the antigens in this region.
Thus, it is interesting that not only is ICP4 uniquely recog-
nized in HSV-1 single positive patients but this response
appears to be stronger than in HSV-2 positive patients and
is specific for pools 3 and 5. When peptide subsets from
ICP4 pools 3 and 5 were tested, the reactive peptides were
from an HSV-2 sequence region that was identical to HSV-
1, thus, explaining the cross reactivity.

A library of VP22 HSV-1 peptides was used to determine if
the weak responses to HSV-2 VP22 peptides in HSV-1 sin-
gle positive patients (see Table 6) could be ascribed to
homology differences between the virus serotypes. Frozen
samples of single positive HSV-2, single positive HSV-1,
and double positive subjects were assayed for responses to
ICP4, HSV-1 VP22, and HSV-2 VP22 (Figure 7). Even
though CD4 responses to HSV-1 VP22 were found in the
low recurrence HSV-1 single positives (subjects 7 and 10)
and HSV-2 double positives (subject 2), they were much
lower than those found to ICP4. Thus, the trend of the
immune response of ICP4>VP22 in low recurrence rate
individuals was once again demonstrated. The exception

is subject 11, who as described earlier was taking Valtrex
daily and may not be a true immunologically low recur-
rence individual. High recurrence individuals HSV double
positive subject 1 and HSV-2 positive subject 12 had a
response that was VP22>ICP4.

Discussion

HSV specific antibody immune responses have been well
studied in humans based on the hope that a strong neu-
tralizing antibody response may be effective in prophy-
laxis of HSV infection [28,29]. Although an antibody
response by itself may reduce disease, it cannot stop HSV
infection. Mounting evidence indicates that the cellular
immune response is also necessary for control of HSV. In
HIV infected individuals a greater susceptibility to HSV
recurrence correlated to a general loss of CD8 responses
[10], however, no correlate of disease severity to a specific
antigenic response has been found. Information on the
specificity of the immune response in individuals with
genital herpes is needed to help define protective
responses against HSV. Only recently has information
become available on the specificity of the cellular HSV
response using cloned T-cell lines, but, data from other
methods, especially quantitative assays, are still needed.
The IFN-y ELISPOT assay has been used to examine the T-
cell repertoire for many disease states in humans but, as
yet, not for genital herpes.
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Effect of peptide length on responses CD8 responses.
CDS8 cells isolated on magnetic beads from a subject with
positive responses to VP22 were tested in the IFN-y ELIS-
POT assay against peptides of various lengths each containing
the putative RPRGEVRFL epitope. Results are averages of
two experiments run in duplicate using CD8 cells harvested
from 0.3 million PBMCs per well. Frozen PBMCs were used
for this experiment.

To examine the character of the T-cell response in HSV
infected individuals, an IFN-y ELISPOT assay was devel-
oped that was capable of measuring responses in CD4 and
CD8 T-cell populations. The IFN-y ELISPOT assay was
chosen because it has the sensitivity and specificity
needed to obtain a detailed analysis of the T-cell
responses. The goal was to establish an assay that was sim-
ple, reproducible, and was capable of measuring
responses to a large panel of antigens in an individual
regardless of genetic background. One advantage of the
IFN-y ELISPOT assay is that it does not require a prior
knowledge of epitopes and can be used to evaluate many
antigens at one time with very high sensitivity. The survey
of T-cell responses described here is an important step to
understand the host cellular immune response in individ-
uals with genital herpes. Although this work identified
many T-cell responses it is not expected to be comprehen-
sive. HSV specific T-cells that secrete cytokines other than
IFN-y would not have been measured. As well, due to the
nature of this technique and the reagents, and variations
in the strain of virus infecting subjects, not all responses
would be identified.

A key variable for any in vitro cellular immune assay is the
nature of the antigenic stimulant. Synthetic peptide librar-
ies of 18 or 19 amino acids in length were chosen because
they have the potential for stimulating both CD4 and
CD8 T-cells and also because of the ease to which positive
responses can be narrowed to single peptides. The results

http://www.virologyj.com/content/3/1/54

indicate that the IFN-y ELISPOT assays that were estab-
lished for this study were able to measure IFN-y secretion
from both CD4 and CDS8 cells. For CD8 responses, the
ability to measure responses in positively selected CD8
cells, and to identify responses to known EBV and HSV-2
CD8 epitopes, indicates the results are measures of
authentic CD8 responses. Although it appeared that the
length of peptide was not optimal for CD8 responses this
was overcome by using high doses of peptide. For the CD4
IFN-y ELISPOT assay, the loss of ELISPOTSs after depletion
of CD4 cells by magnetic beads confirmed that the
response was from CD4 cells. Considering the efficiency
of the magnetic bead separation used to prepare the sam-
ples, and the different assay conditions needed for the two
T-cell populations, the results are not expected to be meas-
urably affected by cross contamination of the popula-
tions.

The ability to measure both CD8 and CD4 responses in
unexpanded samples makes the assays described here sen-
sitive measurements of the T-cell responses in HSV
infected individuals. The sensitivity would be important
for measuring changes that may occur during the course of
the disease and during recurrences. Similarly, the effect of
therapeutic intervention, such as antiviral treatment or
vaccination, can be monitored to differentiate the effect of
therapy on pre-existing responses. Furthermore, since
IFN-y is an important cytokine for the control of HSV-2
disease [18,19], the measurement of IFN-y secretion will
be relevant to disease control.

1200
1000 A —
800 -
600 -

400 A

R

1 2 7 10 11 12 14 15
Subject number

ELISPOTs/million cells

Figure 5

EBYV and HSV-2 specific CD8 responses. Frozen PBMC
samples were treated with magnetic beads to positively
select for CD8 cells and the same preparation was tested
against the known positive HSV-2 peptide pools for that sub-
ject (black bars) and the EBV CD8 epitope peptide pool (grey
bars) using the IFN-y ELISPOT assay.

Page 9 of 15

(page number not for citation purposes)



Virology Journal 2006, 3:54

http://www.virologyj.com/content/3/1/54

120
A: Subject 1 B: Subject 6
100
(")
5 801
o
2}
-l
w  go
<
a
o
40 A
20
0 4
27 22 01 0-2 0-3 4-1/2 4-3/4 4-5/6 VP22 gD 27 22 01 0-2 0-3 4-1/2 4-3/4 4-5/6 VP22 gD
Peptide Pools
Figure 6

Longitudinal CD4 responses. Blood was taken approximately | month apart from 2 subjects (3 blood draws in total) and a
PBMC sample was frozen from each blood draw. PBMCs from all blood draws were then thawed and tested at the same time
in the CD4 IFN-y ELISPOT assay. The number of ELISPOTS/well is plotted on the Y-axis. The amount of cells placed in each

well are those recovered from an original 0.5 million PBMCs.

The T-cell responses measured in the 17 HSV infected
patients revealed a broad specificity CD4 response and a
narrow CD8 response. Our investigation found only CD8
responses to ICP4, ICP0O and VP22. Koelle et. al. [12,30]
have also found a limited repertoire of CD8 responses in
which VP22 and ICP0O were among the recognized anti-
gens. In contrast, a previous study commonly detected
CD8 responses to immediate early antigens, especially
those specific for ICP27 [14]. However, that study used
cells expanded in culture. We have also found that restim-
ulation of cells in culture generates positive responses that
were not measurable in unexpanded PBMCs (data not
shown) including those to ICP27. This suggests that addi-
tional very low-level CD8 responses may be present in
PBMCs. However, because expansion of cells may alter
the relative levels of the different CD8 cell populations, in
vitro expansion of cells was not pursued in our studies in
order to maintain the ability of the IFN-y ELISPOT assay
to quantitate differences in the T-cell responses.

The CD8 response is considered to be important for clear-
ance of infectious HSV and possibly maintain the virus in
the latent state [11,31]. We were unable to find a correlate
of CD8 responses with disease severity although only a
limited number of responses were identified in this study.
The cyclic nature of recurrences in genital herpes suggests
that the cause may not be with the presence or absence of

a protective response but rather the level of response
needed for protection. As virus antigen declines following
a recurrent episode the protective cellular response may
also decline to below a threshold where the individual
becomes susceptible to reactivation. Measuring the quan-
tity of CD8 responses longitudinally in infected individu-
als may be able to correlate a change in CD8 responses
with recurrence of disease. However, the changes in the
CD8 response may not be apparent in PBMCs but may be
localized in the skin or nervous system. The recent finding
that HSV specific T-cells predominantly have the skin
homing molecule CLA on their surface supports this pos-
sibility [32]. Using the assays and information that have
recently become available, highly precise definition of the
T-cell responses in individuals with genital herpes will
begin to reveal important immunological features of this
disease.

The CD4 T-cell responses that were measured were
broader than the CD8 responses and all antigens that were
tested were recognized by at least one of the subjects. It is
noteworthy that the CD4 response could be correlated to
the severity of genital herpes. In particular, the CD4
response to ICP4 appeared to be stronger in individuals
with a low recurrence rate compared to those who had a
high recurrence rate. Although not as apparent as the
responses to ICP4, responses to ICPO also may have a sim-
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Table 5: T-cell responses for subjects grouped by rate of recurrences. Data is the same as Table 2 but subjects have been organized
into groups based on the rate of recurrent disease. For CD4 responses, the total of the number of ELISPOTSs (E#) for each peptide
pool is included. Total number of CD4 ELISPOTSs for each protein from each group were used to generate a ratio of the ELISPOTs
measured in low recurrence subjects compared to high recurrence subjects. Values were adjusted to compensate for the different

number of subjects per group. A second calculation was done in which three subjects (7, 10, 17) that were single positive for HSV-1

were removed.

HIGH RECURRENCES PER YEAR (>2)

CD4 Responses

CD8 Responses

Subje ICP2 ICP2 ICPO ICPO ICPO ICP4 ICP4 ICP4 ICP4 ICP4 ICP4 VP22 gD ICPO ICP4 VP22
ct 7 2 -1 -2 -3 -1 -2 -3 —-4 -5 -6
| S S w w w w S w
3 w S S S S S S P
5 w w S w S P P
6 wW w S wW W W S S
8 w S w w w w P
12 S S w w w w S S S
14 S P
15 w S w w w S S P
E# 80 102 121 80 49 9 13 6l 112 118 56 374 475
LOW RECURRENCES PER YEAR (<2)
CD4 Responses CD8 Responses
Subje ICP2 ICP2 ICPO ICPO ICPO ICP4 ICP4 ICP4 ICP4 ICP4 ICP4 VP22 gD ICPO ICP4 VP22
ct 7 2 -1 -2 -3 -l -2 -3 —4 -5 —6
2 W S S W S P
7 S w
9 W S w S S W wW P P
10 W S
Il w w w w S S
13 S S S
16 w S w S
17 S S
18 w S w w S S S w P
E# 21 30 45 78 75 5 14 354 46 190 31 196 187
ICP2 ICP2 ICPO ICP4 VP22 gD
7 2
023 026 070 1.54 047 035 Low/high recurrence ratio including HSV-1 single positives
035 039 1.02 149 0.69 0.52 Low/high recurrence ratio without HSV-1 single positives

ilar trend of increasing within individuals with less severe
disease. In contrast CD4 responses to VP22 and gD were
stronger in high recurrence rate patients compared to the
low recurrence rate patients. Thus, a general trend in indi-
viduals who control HSV disease is that the CD4
responses to immediate early antigens (ICPO and ICP4)
are stronger than to antigens produced abundantly later in
the virus life cycle such as VP22 and gD. This would not
be unexpected as individuals that limit the replication of
virus should have less severe disease and would limit the
availability of antigens that are produced later in the virus
life cycle. It is still open whether or not it is the immune
response that determines the disease recurrence rate, or if

the recurrence rate affects the immune response. Never-
theless, the CD4 responses to ICP4 and ICPO, we describe
here, indicate an availability of these two antigens to the
immune system in individuals with low recurrence rates.
Thus, ICP4 and ICP0O may be potential targets for thera-
peutic immunization. The basic premise is that any thera-
peutic intervention that can alter the bias of the immune
response towards immediate early antigens may aid in
reducing the disease recurrence and severity.

If further study confirms a bias toward stronger CD4
responses to ICP4 and away from VP22 and gD, then this
pattern may be used as an indicator of disease severity.
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Table 6: T-cell responses for subjects grouped by HSV-1/HSV-2 serostatus. Data is the same as Table 2 but subjects have been
organized into groups based on their HSV-1 and HSV-2 serostatus. For CD4 responses, the total number of ELISPOTSs (E#) for each
peptide pool of that group is included. Total number of CD4 ELISPOTs for each protein from each group were used to generate a
ratio of the ELISPOTs measured in HSV-1/HSV-2 double positives and HSV-2 single positives. Values were adjusted to compensate for

the different number of subjects per group

HSV-2 SINGLE POSITIVIES

CD4 Responses

CD8 Responses

Patie ICP2 ICP2 ICPO ICPO ICPO ICP4 ICP4 |ICP4 ICP4 ICP4 ICP4 VP22 gD ICPO  ICP4 VP22

nt 7 2 -1 -2 -3 -l -2 -3 —4 -5 —6

6 w w S w w w S S

8 wW S w W w w P

9 w S w S S w w P P

Il w w w w S S

12 S S W W w S S S

14 S P

15 w S w w w S S P

16 w S S

E# 37 87 133 62 21 14 18 135 62 69 8 309 394

HSV-2/HSV-1 DOUBLE POSITIVES
CD4 Responses CD8 Responses

Patie ICP2 ICP2 ICPO ICPO ICPO ICP4 ICP4 |ICP4 ICP4 ICP4 ICP4 VP22 gD ICPO  ICP4 VP22

nt 7 2 -1 -2 -3 -l -2 -3 —4 -5 —6

| S S w \%% w w S w

2 W S S w S P

3 w S S S S S S P

5 w w S w S P P

13 S S S

18 w S w w S S S w P

E# 64 45 23 96 96 0 9 128 96 109 64 261 254

HSV-1 SINGLE POSITIVES
CD4 Responses CD8 Responses

Patie ICP2 ICP2 ICPO ICPO ICPO ICP4 ICP4 ICP4 ICP4 ICP4 ICP4 VP22 gD ICPO ICP4 VP22

nt 7 2 -1 -2 -3 -l -2 -3 —4 -5 —6

7 S W

10 w S

17 S S

7 152 130
ICP2 ICP2 ICPO ICP4 VP22 gD
7 2
24 0.68 1.3 1.5 I.1 0.86 Ratio of double positive/HSV-2 single positive

Patients on suppressive antiviral therapy may be of special
interest since the severity of their disease is controlled by
anti-virals not the immune response. We report here one
individual that was treated with anti-viral suppressive

therapy had an immune response that remained focused
on late antigens indicative of a more severe disease.
Because antiviral treatment would limit production of
HSV antigen an alteration of the immune response is not
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Comparison of CD4 responses to ICP4, HSV-1 VP22,
and HSV-2 VP22. Frozen samples from several subjects
were tested in the CD4 IFN-y ELISPOT assay using peptide
pools for ICP4 (left column), VP22 from HSV-2 (middle col-
umn) and VP22 from HSV-1 (right column). Subjects
(1,2,7,10,11,12) were chosen based on serostaus (HSV-1/2,
HSV-1, HSV-2) and designated as having high (H) or low (L)
recurrence rates. Number of ELISPOTS/well is plotted on
the Y-axis. The amount of cells placed in each well are those
recovered from an original 0.5 million PBMCs.

expected during therapy. This would indicate that ceasing
antiviral treatment would return the individual to the
original disease severity.

The finding that stronger CD4 responses to ICP4 were
present in individuals with less severe disease suggests
that even with few or no recurrences the immune system
is being exposed to virus antigen. The strength of the
responses would argue that the virus may be continually
attempting to reactivate from the latent state but may be
controlled sufficiently to suppress or abort a recurrence of
active disease. Study of reactivation events in latently
infected human and mouse ganglia indicate that during
latency the virus is actively attempting to reacti-
vate[33,34].

The mechanism by which an immune response may help
control HSV is unknown. Cytotoxic CD4 cells have been
described [35,36] and the CD4 cells examined here could
act through a lytic mechanism although we have not
assessed this. Alternatively, the CD4 cells could act
through secretion of IFN-y [37]. In skin lesions, CD4 cells
are believed to help resolve lesions by secretion of IFN-y
that eventually sets the stage for virus clearance by CD8
cells. Thus, even though CD8 cells may play a down-
stream role in controlling HSV recurrences the CD4 pop-
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ulation identified here may play a crucial role by creating
a suitable environment with appropriate kinetics.

Conclusion

An IFN-y ELISPOT assay has been used to measure CD4
and CD8 T-cell responses in subjects with genital herpes.
The assay has the capability of measuring T-cell responses
in unexpanded PBMCs and may be useful to correlate dis-
ease status with specific immune responses. The evalua-
tion of 18 subjects found a trend of positive CD4
responses to ICP4 in individuals that had a low rate of dis-
ease recurrence.

Methods

Peptide libraries

Peptides were synthesized as Pepset Libraries (Mimo-
topes, Fisher Scientific Raleigh NC). Peptides intended to
span the complete amino acid sequence of target antigens
were 18 or 19 amino acids in length and overlapped adja-
cent peptides by 11 amino acids. Individual peptides were
suspended in DMSO (Sigma-Aldrich, St. Louis, MO) and
were used alone or combined to form peptide pools. The
sequences used to construct the libraries and different
pools are detailed in Table 1. Other peptides such as those
from EBV, or the VP22 specific peptides made to various
lengths, were also synthesized as part of Pepset Libraries
and suspended in DMSO for use. Sequences used for EBV
peptides were from Currier et. al. [26]

Sample collection

Blood was collected by Covance laboratories in Madison,
WI following established guidelines for blood sampling
of human subjects including IRB approval. Subjects were
recruited in local STD clinics for individuals with genital
herpes. Subjects were not prescreened before blood collec-
tion. HSV serostatus of the subjects was determined using
the HerpeSelect 1 and 2 Immunoblot IgG kit (Focus Tech-
nologies, Cypress, CA) from plasma collected during
blood processing.

Blood processing

Whole blood was collected in sodium heparin Vac-
cutainer tubes (Becton Dickinson, Franklin Lakes, NJ) and
peripheral blood mononuclear cells (PBMCs) were sepa-
rated on a density gradient using Accuspin System-Histo-
paque-1077 tubes (Sigma-Aldrich) with centrifugation at
1,800 x g for 30 min. PBMCs were washed twice in RPMI-
5 Medium: RPMI-1640 (Bio-Whittaker, Walkersville, MD)
supplemented with 5% heat Inactivated fetal bovine
serum (FBS) (Harlan, Indianapolis IN), gentamycin (50
pg/ml, GIBCO Invitrogen Corp., Carlsbad, CA) and anti-
biotic/antimycotic (1%, GIBCO Invitrogen Corp.). Fol-
lowing the washing steps, cells were counted and assayed
for ELISPOT activity.
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ELISPOT assays

PBMCs were suspended at 5 million cells/ml in RPMI-10
media; RPMI-1640 supplemented with 10% heat-inacti-
vated Human AB Serum (Pel-Freeze, Rogers, AR) antibiot-
ics/antimycotic (1%), gentamycin (50 pg/ml), sodium
pryuvate (1 mM, GIBCO Invitrogen Corp.) non-essential
aa's (1%, GIBCO Invitrogen Corp.) and B-mercaptoetha-
nol (50 uM, GIBCO Invitrogen Corp.).

Magnetic bead depletions

PBMCs were suspended at 6 million cells/ml in 2% FBS/
PBS (Bio-Whittaker). Magnetic beads (M-450 CD8 and M-
450 CD4 DynaBeads; Dynal Biotech, Brown Deer, WI)
were first washed in 2%FBS/PBS and used at an approxi-
mate 5X excess over the expected number of target cells.
PBMCs and beads were rocked at 4° C for 20 minutes prior
to magnetic separation (MPC-L, Dynal Biotech). The
unbound PBMC fraction was recovered and subjected to a
second magnetic separation to ensure removal of all
beads. The cells were then transferred to a new tube, sedi-
mented and suspended in RPMI-10 media. The cells were
suspended at a concentration corresponding to 5 million
PBMCs/ml based on the original input of PBMCs. The
magnetic bead bound PBMC fraction was washed twice in
2%FBS/PBS and then suspended in a volume correspond-
ing to 5 million input PBMCs/ml in RPMI-10 media.

Freezing

Cells were suspended at 10 million cells per ml in cold
freezing medium (10% DMSO/90% FBS) and dispensed
in 1 ml aliquots into 1.5 ml cryovials. The aliquots were
placed into Nalgene Cryo 1°C Freezing container (Fisher
Scientific, Pittsburgh, PA) in a -70°C freezer for 24 hrs
before transfer to storage in liquid nitrogen.

ELISPOT assay

The ELISPOT assay was carried out essentially as
described[38]. Briefly, ELISPOT plates (Multiscreen-IP Fil-
ter plate, Millipore, Bedford, MA) were coated using anti-
body 1-D1K-y, (MabTech AB, Sweden), and antibody 7-
B6-1 (MabTech AB) as a secondary antibody. PBMCs
(500,000/well) were added in RPMI-10 media. Peptides
were added at concentrations of 0.33 ug/ml for CD4 cell
assays and 3.3 ug/ml for CD8 cell assays. Concentrations
represent the concentration of each individual peptide
within the pool. Following a 24-hour incubation at 37°C
in a CO, incubator, ELISPOTS were developed and
counted. All assays to screen T-cell responses were done
with freshly isolated PBMCs. Assays where frozen samples
were used are indicated in Figure legends.

Tracking of CD8 cell depletion

PBMCs were recovered from whole blood and subjected
to magnetic bead depletion of CD8 cells. Depletion was
followed by fluorescence-activated cell sorter (FACS)

http://www.virologyj.com/content/3/1/54

analysis after staining cells with phycoerythrin-conjugated
anti-human CD3 antibody (BD PharMingen, San Diego,
CA) and fluorescein isothiocyanate (FITC)-conjugated
anti-human CD8 antibody (BD PharMingen).
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