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Cross-reactive peptides on HIV-1 and FIV p24 protein sequences were studied using peripheral blood mononuclear
cells (PBMC) from untreated HIV-1-infected long-term survivors (LTS; >10 y of infection without antiretroviral therapy,
ART), short-term HIV-1 infected subjects not on ART, and ART-treated HIV-1 infected subjects. IFNg-ELISpot and CFSE-
proliferation analyses were performed with PBMC using overlapping HIV-1 and FIV p24 peptides. Over half of the HIV-1
infected subjects tested (22/31 or 71%) responded to one or more FIV p24 peptide pools by either IFNg or T-cell
proliferation analysis. PBMC and T cells from infected subjects in all 3 HIVC groups predominantly recognized one FIV
p24 peptide pool (Fp14) by IFNg production and one additional FIV p24 peptide pool (Fp9) by T-cell proliferation
analysis. Furthermore, evaluation of overlapping SIV p24 peptide sequences identified conserved epitope(s) on the
Fp14/Hp15-counterpart of SIV, Sp14, but none on Fp9-counterpart of SIV, Sp9. The responses to these FIV peptide pools
were highly reproducible and persisted throughout 2–4 y of monitoring. Intracellular staining analysis for cytotoxins
and phenotyping for CD107a determined that peptide epitopes from Fp9 and Fp14 pools induced cytotoxic T
lymphocyte-associated molecules including perforin, granzyme B, granzyme A, and/or expression of CD107a. Selected
FIV and corresponding SIV epitopes recognized by HIV-1 infected patients indicate that these protein sequences are
evolutionarily conserved on both SIV and HIV-1 (e.g., Hp15:Fp14:Sp14). These studies demonstrate that comparative
immunogenicity analysis of HIV-1, FIV, and SIV can identify evolutionarily-conserved T cell-associated lentiviral epitopes,
which could be used as a vaccine for prophylaxis or immunotherapy.

Introduction

The Centers for Disease Control and Prevention reported a
decline in newly HIV-1 infected individuals from 2008 to 2010
but a slow steady rise in people living with HIV/AIDS in the
United States.1,2 The increase in survival correlates with the use
of antiretroviral therapy (ART).3 Nevertheless, the incidence of
HIV infection continues to increase, and an effective HIV-1 vac-
cine is critical to curtail this pandemic.4 Over 240 phase I-III
clinical HIV-1 vaccine trials have been completed or are ongoing,
but only 3 vaccine candidates have progressed to phase III clinical
trials (IAVI database, http://www.iavireport.org/Trials-Database/
Pages/default.aspx). Two phase III trials using antibody-based
HIV-1 envelope (Env) vaccines failed in high-risk groups.5,6 The
phase III trial, RV144, based on both antibody- and cellular-

based vaccine approaches, conferred a modest protection rate of
31.2% overall, but was only 3.7% effective in the high-risk
group.7 Protection was positively correlated with the production
of IgG antibodies to the HIV Env V1V2 region and low amounts
of IgA antibody binding to Env. Broadly neutralizing antibodies
(NAbs) against HIV-1 were not detected in vaccinated individu-
als.8 Most notably, polyfunctional CD4C T cells and CD4C

cytototoxic T lymphocyte (CTL)-like T cells were detected in
vaccinated individuals that were specifically activated by HIV V2
epitopes.9

Numerous studies using T cells from HIV-1 positive (HIVC)
individuals have identified CD8C cell and CD4C T-helper (TH)
cell-associated epitopes on HIV-1 proteins (Los Alamos National
Laboratory (LANL) database, http://hiv-web.lanl.gov/content/
immunology/maps/maps.html).10,11 In addition, HLA allotypes
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responsive to T-cell epitopes have correlated to a delay in AIDS
progression and/or lower HIV-1 viral set point in HIVC long-
term survivors and elite controllers when compared to HIVC

rapid progressors.12,13 Nevertheless, it is currently unclear as to
which epitopes detected at what stage of HIV infection may be
useful as vaccine immunogens or in immunotherapy.

The first inactivated dual-subtype whole-lentivirus vaccine
against feline immunodeficiency virus (FIV) was commercially
released in the US in 2002.14 FIV is a lentivirus that causes an
immunodeficiency syndrome in domestic cats with clinical fea-
tures similar to HIV/AIDS in people. FIV resembles both the
HIV and simian immunodeficiency virus (SIV) in genomic struc-
ture, morphology, and biophysical characteristics.15,16 However,
FIV is the only lentivirus for which there is a commercial vaccine
available in the United States.14 Prototype and commercial dual-
subtype (A and D) FIV vaccines conferred combined protection
rates of 100% against homologous subtype-A tier-1 FIVPet, 89%
against heterologous subtype-B tier-3 FIVFC1, 61% against
recombinant subtype-A/B tier-2 FIVBang, and 62% against
recombinant subtype-F’/C tier-3 FIVNZ1.

17 Both the prototype
and commercial vaccines induced moderate levels of homologous
and fewer heterologous subtype-specific FIV NAbs, but induced
strong T-cell responses against both homologous and heterolo-
gous subtype FIV strains.17,18 Using the FIV model, previous
studies demonstrated that an experimental HIV-1 p24 vaccine
conferred cross-protection against low-dose FIV challenge which
indicated that potential vaccine epitopes for FIV protection likely
reside on viral p24.19

Host responses to HIV-1 and SIV p24 antigens are associated
with control of virus load.20-24 Therefore, to identify potential
vaccine epitopes, PBMC and T cells from healthy HIV-1
infected (HIVC) subjects on or off antiretroviral therapy (ART)
were evaluated for immune responses to overlapping FIV, HIV-
1, and SIV p24 peptide pools. In these studies, the p24 sequences
were screened for CD8C and CD4C T-cell epitopes that are con-
served between species and recognized by HIV-1C subjects
(Table 1) for future use as vaccine immunogens.

Results

Determining conserved cell-mediated immune (CMI)
peptides based on IFNg responses

The PBMC from the 31 HIVC subjects developed robust
IFNg responses to the full length HIV-1 p24 peptide pools
(Fig. 1A, 144 total responses), whereas minimal to no responses
were observed with the PBMC from HIV-negative (HIV¡) con-
trol subjects (range of 0–15 spot forming unit (SFU)). The high-
est responder frequencies were observed to human p24 peptide
pool 3 (Hp3) (18 of 31; 58%) followed by Hp2, Hp10, and
Hp15 (11 of 31; 35%). A lower number of subjects responded to
Hp7 and Hp14 (10 of 31; 32%). In addition, PBMC from the
HIVC subjects produced IFNg responses of low magnitudes and
frequencies to all FIV p24 peptide pools (Fig. 1B, 53 total
responses) except for feline p24 peptide pools (Fp)13 and Fp14
which correspond to HIV sequences within Hp14 and Hp15

peptide pools. The highest responder frequencies were observed
to Fp14 (11 of 31; 35%) with lower responder frequency to
Fp13 (5 of 31; 16%). These findings suggested that these FIV
pools contain potential cross-reactive epitopes to HIV since cats
immunized with FIV vaccine also reacted to Fp14 (data not
shown). In addition, overlapping SIV p24 peptide pool (Sp)
analysis identified a moderate number of responses to the corre-
sponding SIV peptide pool Sp14 (5 of 15; 33%) (Fig. 1C), the
counterpart to Fp14 and Hp15. Interestingly, the high response
to Fp14 correlated to muted responses in both HIV and SIV.
These results suggest that cross-reactive epitope(s) conserved
between species may reside on Hp15, Fp14, and Sp14. Even
though the response is diminished, reactivity of these conserved
epitopes by HIVC subjects suggest that cross-reactive epitope(s)
conserved between species may reside on Hp15, Fp14, and Sp14.

Conserved CMI peptides based on T-cell proliferation
responses

The CD8C T cells of the HIVC subjects (Fig. 2A) proliferated
more frequently and at higher magnitudes than the CD4C T cells
(Fig. 2D) to all HIV p24 peptide pools (36 CD8C T-cell
responses vs. 12 CD4C T-cell responses). The highest frequency
of CD8C T-cell proliferation responses to HIV p24 was against
pools Hp1 (6 of 27; 22%) and Hp10 (8 of 27; 30%) followed by
Hp9 (4 of 27; 15%) (Fig. 2A). The same analysis performed on
T cells from healthy HIV¡ subjects indicated that their CD4C

and CD8C T cells did not significantly recognize HIV p24 pools
except for the Hp15 pool with a frequency of 42%. All results
are shown after subtraction of the average result of the responders
for each peptide pool or peptide. CD8C T cells from 42% (5 of
12) of the HIV¡ subjects had a substantial response to the Hp15
peptide pool. The number of HIVC responders to Hp15 is low
due to a high average result (28% CFSElow) of HIV¡ responders
to Hp15 that were subtracted from the HIVC responses
(Fig. 2A). Except for the Hp15 pool (the counterpart of the
Fp14 pool), the Fp9 pool, the Hp15–3 peptide in Hp15 pool,
and the Fp9–3 peptide in Fp9 pool with 25–51% of the value
before subtraction, none of the other peptide pools or peptides
induced substantial CD8C or CD4C T-cell proliferation in
HIV¡ subjects (0–20% of the value before subtraction).

Twelve HIVC subjects had CD8C T-cell proliferation
responses to FIV p24 pools (Fig. 2B) compared to only 5 sub-
jects with CD4C T-cell proliferation responses to the same pep-
tide pools (Fig. 2E). Remarkably, substantial CD8C T-cell
proliferation responses were detected in HIVC subjects to Fp9 (8
of 27; 30%) and to Fp14 (4 of 27; 15%) (Fig. 2B). A lower
responder frequency at a lower magnitude was detected in HIV¡

subjects to Fp9 with a minimal response to Fp14. When compar-
ing SIV p24 pools, the Fp14-counterpart Sp14 pool, but not the
Fp9-counterpart Sp9 pool, was recognized by CD8C T cells
from the HIVC cohorts (Fig. 2C). In addition, CD8C T cells
from HIVC subjects recognized multiple SIV peptide pools at a
frequency of 38–54% (Sp1, Sp2, Sp4, Sp10, Sp14, Sp15)
(Fig. 2C). However, Sp2, Sp4, Sp10, Sp14, and Sp15 were also
recognized by CD8C T cells from HIV¡ subjects at a low fre-
quency of 20–30%. Notably, both the Sp1 pool and its
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counterpart Hp1 pool were recognized by the CD8C T cells from
HIVC subjects (Figs. 2A,C).

Among the FIV peptide pools, the Fp9 pool induced strong
CD8C T-cell proliferation responses but few IFNg responses,
while the Fp14 pool induced both IFNg and CD8C T-cell pro-
liferation responses (Figs. 1B and 2B). As a result, subsequent
studies focused on the Fp14 and Fp9 peptide pools and their
HIV counterparts, Hp15 and Hp10, respectively.

The persistence of IFNg responses to Fp14 and CD8C T-cell
proliferation to Fp9

PBMC from 8 of 10 (80%) HIVC subjects who initially
responded to the Fp14 pool had a declining but persistent IFNg
response for the duration of the 2-yr study period while 3 of 7
tested continued to respond in the 4th yr (Fig. 3A, left graph).

Although there was no statistical difference between the IFNg
responses during the 1st yr and the 2nd yr of the 7 HIVC subjects
monitored (t1 and t2, p D 0.39), a statistically significant
decrease in IFNg response was detected when the levels were
compared between the 2nd yr and 4th yr (t2 and t3, p D 0.035)
and between the initial time point and the 4th yr (t1 and t3,
p D 0.014). Similarly, IFNg responses in the PBMC in 6 of 8
(75%) initial responders to Hp15, the counterpart for Fp14,
were sustained in response to Hp15 through the 2nd yr but
showed a substantial declining trend in the magnitude of IFNg
responses in by the 4th yr (Fig. 3A, right graph).

CD8C T cells from 7 of 9 (78%) initial Fp9 responders
retained T-cell proliferation responses to Fp9 during the 2-yr
monitoring period (Fig. 3B, left graph). Two of the 7 subjects
responding to the Fp9 pool (SF17, SF19) were treated with ART

Table 1. Description of HIVC population: Demographic information and immune status

Group Subject a Age Gender b Race HIVC c CD4/mL CD8/mL Virus Load d

LTS/ART- SF01 42 M White 16 1021 996 Undetectable
SF02 44 M White 12 528 394 Undetectable
SF03 59 M White 24 567 1040 5500
SF05 49 M White 22 483 1242 Undetectable
SF08 48 M White 31 529 920 3401
SF17e,f 56 M White 11 374 1037 2000
SF19e,f 40 M White 12 292 556 40000
SF21 43 M White 15 800 1375 3584
SF23f 39 M White 10 784 1018 3160
SF24f 50 M White 11 675 213 Undetectable
J01 25 F Black 11 699 935 Undetectable
J10 35 F Black 12 897 659 Undetectable
J11 21 F Black 21 564 829 932
J14 47 M Hispanic 25 722 1421 6790

ST/ART- J02f 50 F Black 9mo 639 1248 710
J03 27 F Black/Hispanic 8mo 368 1254 25700
J04 22 M Black 6mo 537 1907 1740
J05 32 M Black 2mo 384 2202 691
J06f 28 M White 6mo 501 1110 134000
J07 26 F Black 4mo 448 1306 5120
J08 19 F Black/Hispanic 9mo 323 932 3040
J09f 27 M White 2mo 482 882 109168
J12f 26 M Pacific Islander 5mo 352 688 405000
J17 51 F Black 2mo 375 1271 2140

ARTC SF04 55 M White 28 540 864 Undetectable
SF07 65 M White 25 610 2170 Undetectable
SF13 52 M White 25 304 372 Undetectable
SF16 50 M White 8 827 1018 Undetectable
SF18f 38 M White 4 1082 1298 1500
SF20f 53 M White 23 76 1172 Undetectable
SF22 48 M White 13 1205 517 Undetectable
J16 48 F White 21 1250 NAg Undetectable
J22 36 F Black 15 391 490 Undetectable
J23 50 F Black 16 949 1261 Undetectable
J24 41 M Black 23 202 1192 Undetectable

aSF prefix, HIVC subject from the University of California, San Francisco. J prefix, HIVC subject from the University of Florida at Jacksonville; for definition of
subjects, see legend to Figure 1. The results for virus load and CD4/CD8 T-cell counts are from the 1st sample obtained from patients (yr 1).
bM, male; F, female.
cDuration of known HIV infection (yr).
dVirus loads are shown as RNA copies/mL; undetectable �75 RNA copies/mL.
eHIVC subject who was on ART starting at or shortly after yr 2.
fSubjects monitored for 4 yr (Figure 3).
gNA, not available.
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during or shortly after the 2nd yr time point (Table 1) leaving 4
subjects on ART and 4 subjects not on ART by yr 4. Three of 4
subjects on ART (SF17, SF19, SF20) maintained stable or
increased levels of proliferation responses to Fp9, while one sub-
ject (SF18) continued to remain non-responsive. This finding
suggests that the magnitude of response to Fp9 can improve in
subjects (SF19, SF20) undergoing ART and may be related to
either recovery of CD4C lymphocytes or a reduction in viral
load. In comparison, only 3 of 5 (60%) initial responders
retained activity against Hp10, the counterpart of Fp9, through
yr 2 (Fig. 3B, right graph). This response declined in magnitude
by the 4th yr. A large majority of these responders had either a
major decrease or a loss of response to the Hp10 peptide pool,
while the response to pools Fp9, Fp14, and Hp15 persisted for at
least 2 y and some for as long as 4 y The Fp9 and Hp10 pools
have very little sequence similarity (Table 2), and the response to

Fp9, but not Hp10, was retained over time (Fig. 3B). Therefore,
subsequent studies focused on evaluating the Fp9, Fp14, and
Hp15 peptide pools. Due to the high frequency and magnitude
of the response, Fp9 was selected for epitope mapping.

Identifying the p24 epitope(s) that induce CMI responses
The HIV Hp15 pool has 3 well-established CD8C CTL epit-

opes described in LANL database that are present within the
Hp15–1a, Hp15–1c, and Hp15–2/3a peptides (Table 2). These
CTL epitopes have high sequence similarity to FIV Fp14–1b,
Fp14–1a, and Fp14–3/4f respectively (Table 2). Furthermore,
SIV Sp14–1b and Sp14–1a have sequence similarity to their
direct counterparts Hp15–1a/Fp14–1b and Hp15–2/3a/Fp14–
3/4f. In addition, these peptide epitopes show moderate to high
conservation of the Hp15/Fp14/Sp14 sequence between individ-
ual subtypes of species-specific lentiviruses (Table 3). Three to 4

Figure 1. IFNg responses to HIV, FIV and SIV p24 peptide pools. The IFNg ELISpot responses to overlapping peptide pools of HIV p24 (Hp1-Hp18,
nD 31 ; A), FIV p24 (Fp1-Fp17, nD 31 ; B), and SIV p24 (Sp1-Sp17, nD 15 ; C) are depicted as spot forming units (SFU) per 106 PBMC. The HIVC sub-
jects (panel-A insert for A and B; panel-C insert) consisted of long-term survivors (LTS) without antiretroviral therapy (ART) (LTS; black bar); recently
diagnosed subjects (<1 year) with short-term infection without ART (ST; gray bar); and those receiving ART with various duration of infection
(ARTC, red bar). Each bar represents a positive response by an individual subject with a threshold of >50 SFU per 106 PBMC. Asterisk after the
peptide pool(s) represent those with highest frequency of responders. The FIV p24 pool with the highest and the most frequent responses and its
counterpart HIV-1 and SIV pools are highlighted in blue.
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Figure 2. For figure legend, see page 1545.
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overlapping 13–15mer peptides constitute each of the peptide
pools Fp9 (Fp9–1, Fp9–2, Fp9–3), Fp14 (Fp14–1, Fp14–2,
Fp14–3, Fp14–4), and Hp15 (Hp15–1, Hp15–2, Hp15–3).
Fp9–3 and Hp10–3 have an aa sequence similarity of 29%
and identity of 12% with 4 single aa differences due to gaps
(Table 2). This low degree of sequence similarity and identity
further supports the concept that epitope(s) on Fp9 are most
likely not in the same location as those on Hp10. The analysis
of individual 13–15mer peptides in the Fp9 pool indicates
that the CD8C T cells of the Fp9 responders proliferate pre-
dominantly in response to Fp9–3 (6 of 7) and to a lesser
extent to Fp9–2 (3 of 7) (Fig. 4C). Based on this result, the
15mer Fp9–3 peptide was further evaluated to map specific
proliferative epitope(s) using shorter (9mer) overlapping
peptides.

When compared to Fp9 and Fp10 pools, Fp14 and Hp15
pools have a higher aa sequence similarity (65%) and identity
(35%) with one aa difference due to a gap (Table 2). Based on
aa sequence alignment analysis, the approximate counterpart for
Hp15–1 and Hp15–2 peptides are Fp14–1 and Fp14–2 peptides
respectively, whereas the Hp15–3 peptide contains regions that
overlap both Fp14–3 and Fp14–4 peptides. Smaller regions have
more similarity between Fp14–1 and Hp15–1 peptides

(Table 2D) and between Fp14–4 and Hp15–3 peptides
(Table 2B). PBMC from Fp14 responders had substantial IFNg
responses to peptide Fp14–3 (6 of 9 responders) followed by
peptides Fp14–1 and Fp14–4 (both 3 of 9) (Fig. 4A). The
majority of Hp15 responders had substantial IFNg responses to
Hp15–1 (7 of 9) and fewer responses to Hp15–3 (5 of 9)
(Fig. 4B). Thus, Fp14–3 and Hp15–1 contain epitopes that
induce significant IFNg responses. These peptides are not coun-
terpart FIV and HIV peptides based on aa sequence analysis and
therefore do not share common epitope(s). However, PBMC
from 3 LTS responded to both Fp14–3 and its counterpart
Hp15–3, indicating a conserved CMI epitope within these pepti-
des (Fig. 4A,B; bars with*).

When specific epitope analyses of Fp9 and Fp14 regions
were performed, 2 9mer peptides (Fp9–3c and Fp9–3d) of the
Fp9 region, differing by a single aa in carboxyl-end or amino-
end, provided the highest frequency of a CD8C T-cell prolifera-
tion response (5/6 of 9) (Table 4) but at a low magnitude
(<13 % CFSElow) (Fig. 5). Proliferation responses to Fp9–3c
and Fp9–3d peptides were much lower than the levels of prolif-
eration observed with the Fp9 pool (Fig. 5). Furthermore, this
result is in stark contrast to the high frequency of responders
(3 of 6, 50%) and the higher levels (average magnitude of 14%

Figure 2. (See previous page). Proliferation responses to HIV, FIV and SIV p24 peptide pools. The CD3C CD8C T-cell proliferation responses to overlap-
ping peptide pools of HIV p24 (Hp1-Hp18, nD 27 ; A), FIV p24 (Fp1-Fp17, nD 27 ; B), and SIV p24 (Sp1-Sp17 nD 13 ; C) are depicted as % CFSElow

for CD3C CD8C and CD3C CD4C T-cell proliferation. The HIVC subjects (panel-A insert for A and B; panel-C insert for C) consisted of long-term survivors
(LTS) without ART (LTS; black bar); recently diagnosed subjects (<1 year) with short-term infection without ART (ST; gray bar); and those on ART with var-
ious duration of infection (ARTC, red bar). Each bar represents a positive response by an individual with a threshold of >1 % CFSElow for CD3C CD8C

T-cell proliferation. Asterisk after the peptide pool(s) represents those with highest frequency of responders. The two FIV p24 pools with the highest and
the most frequent responses and their counterpart HIV-1 and SIV pools are highlighted either in blue (Hp15/Fp14/Sp14) or red (Hp10/Fp9/Sp9).

Figure 3. The persistence of IFNg and T-cell proliferation responses to selected peptide pools. The IFNg (A) and CD8C T cell proliferation (B) responses of
HIVC subjects who responded at the first sample collection (t1), 2 y later (t2), and 4 y later (t3) are shown for peptide pool Fp14 (IFNg), Hp15 (IFNg), Hp10
(proliferation), and Fp9 (proliferation). The p-value indicates statistical differences between t1 and t2, t2 and t3, and t1 and t3. The threshold for IFNg and
proliferation responses are >50 SFU and >1% CFSElow, respectively.
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Table 2. Fp9/Fp9–3, Fp14/Fp14–3, and their counterpart aa sequences and CMI responses

aPeptide pools are not hyphenated (e.g., Fp9) while the individual large peptides have a hyphen followed by a number (e.g. Fp9–3) indicating the number of
the overlapping individual peptide starting from amino-end.
bAlignments denote identical amino acids (aa) as (*), aa with most similarity based on charge, polarity, acid/base, and hydrophilicity/hydrophobicity as (:),
those with some similarity as (.), and each gap with a (-). The internal gaps are due to best alignment and the external gaps are due the length of the
selected peptide or peptide pool. The percentage of aa sequence similarity and identity was determined from these alignment criteria.
cNote that Sp14 pool is a single 13mer peptide Sp14–1 (TDAAVKNWMTQTL). As a result, Sp14–1c, the counterpart SIV Sp14–1 peptide for HIV Hp15–1 pep-
tide, is a 10mer and did not include the first 3 aa (AEQ). Whereas Sp14–1b is a 10 mer with glutamine (Q) added to amino-end and threonine (T) deleted
from the carboxyl-end rather than a sequence of Sp14–1c.
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CFSElow) of CD8C T-cell proliferation to the 15mer Fp9–3
peptide (Fig. 5A1). Thus, the 15mer, but not the 9mer Fp9–3
peptides, appears to contain the epitope that induces the bulk
of the proliferation responses of both CD8C and CD4C T cells
(Fig. 5A1,B1).

Similarly specific epitope analysis of the Fp14–3 region with an
overlap with the Fp14–2 and Fp14–4 regions determined that a
higher frequency of HIVC subjects respond to epitopes in Fp14–
3 (Fp14–3d) and Fp14–4 (Fp14–3/4f, overlapping both Fp14–3
and Fp14–4) more than in Fp14–2, based on both CD8C T-cell
proliferation and IFNg responses (Fig. 5A2 and 5C2). Since the
shorter sequence of 10mer Fp14–3/4f also resides in the larger
13mer Fp14–3d sequence (Table 4), it is still possible that both
contain the same epitope (i.e., Fp14–3/4f). This observation is
supported by in silico analysis using the HLA algorithm where
the predicted HLA A2 supertype is common among all 4 res-
ponders for both Fp14–3d and Fp14–3/4f (Table 5). Thus,
Fp14–3/4f contains the major epitope residing in Fp14–3 and
Fp14–4 that is identified by the HLA A2 supertype.

Characterization of CTL-associated activity induced by Fp9,
Fp14, and Hp15 peptides

In intracellular staining (ICS) analysis for cytotoxins, both
CD8C and CD4C T cells expressed granzyme B (GrzB) most

consistently in response to all 3 peptide pools tested (Fp9, Fp14,
Hp15) (Fig. 6A). 40% (2 of 5) HIVC subjects had CD8C T cell
GrzB expression to individual peptide pool Fp9, whereas 80%
(4 of 5) responded to Fp14, and 80% (4 of 5) to Hp15 (Fig. 6A).
Notably, GrzB was expressed by both CD4C and CD8C T cells
from the same individuals although the overall expression magni-
tude of GzB, but not the frequency, was lower in the CD4C T
cells (Fig. 6B). A few of the subjects who did not have GrzB
responses did demonstrate either GrzA or perforin expression
(Fig. 6A). When individual 13–15mer peptides from each pool
were examined, CD8C T cells from all 5 HIVC subjects
responded to Fp14–3, Fp14–4, and Hp15–1, whereas up to 4
HIVC subjects responded to Fp9–3 with the production of one
or more cytotoxins. Hence, the majority of the Fp9, Fp14, and
Hp15 peptides induced expression of one or more cytotoxins.

The short (9–13mer) peptides of Fp9–3, Fp14–3, and Fp14–4
from previous IFNg and proliferation studies as well as a few addi-
tional short peptides (Table 3) were further tested with T cells
from short-term HIV-infected subjects not on ART (ST/ART¡)
for production of cytotoxins and expression of CD107a (Fig. 6C,
D), which are commonly expressed by CTLs. These short 9–13mer
epitopes were produced based on the CTL algorithm of NetCTL
1.2 and HLA algorithm of NetMHC 3.4. The shortest peptides
that predicted the highest CD8C T-cell responder frequency were

Table 3. Sequence conservation in EC p24 epitopes of Hp15/Fp14/Sp14 pools

aSubtype specific sequences used to generate peptides.
bAlignments are compared with HIV UCD-1 and denote identical amino acids (aa) as (*), aa with most similarity based on charge, polarity, acid/base, and
hydrophilicity/hydrophobicity as (:), those with some similarity as (.). The percentage of aa sequence similarity and identity was determined from these
alignment criteria.
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9mer peptides Fp9–3c
(RMQCRAWYL) and Fp9–3d
(ARMQCRAWY), 10mer peptide
Fp14–3/4f (KLYLKQSLSI), and 13mer
peptide Fp14–3d (AEVKLYLKQSLSI)
(Table 3). Peptides Fp9–3, Fp9–3c and
Fp9–3d induced very little cytotoxin
expression in CD4C T cells (Fig. 6C).
Among these peptides, Fp9–3 and Fp9–
3d induced more cytotoxins in CD8C T
cells from a slightly larger number of
ST/ART¡ subjects (Fig. 6D). In com-
parison, Fp14–4 and Fp14–3/4f pepti-
des followed by Fp14–1b and Fp14–3/
4e induced a high frequency of cytotoxin
expression in both CD4C and CD8C T
cells from a majority of ST/ART¡ sub-
jects (Fig. 6C,D). Remarkably, the
Fp14–4 and Fp14–3/4f peptides had a
higher number of cytotoxin responses
and a higher frequency of responders for
both CD4C and CD8C T cells than their
counterparts on HIV (Hp15–3; Hp15–
2/3a) and SIV (Sp14–1; Sp14–1a) as
well as when compared to those induced
by Fp9–3 and its shorter peptides.

When NetCTL and NetMHC pre-
dictions were compared to the
responders’ HLA class-I supertype(s), 4
responders to peptide Fp9–3c had the
predicted responder HLA supertype A2
(Table 5). Three of them also had an
additional HLA supertype (A1, A3,
B27, or B62) predicted to have a strong
binding affinity to Fp9–3c. The same
analysis performed on Fp9–3d deter-
mined that 3 of 4 responders possessed
supertype B44 while one responder had
HLA supertype A1. Both supertypes
are predicted to have a strong binding
affinity to Fp9–3d. Similarly, Fp14–3/
4f showed supertype A2 as the com-
mon HLA supertype correlating with
all 4 responders. Moreover, 3 more
subjects had additional HLA supertypes
(A1, B27, or B58) with strong pre-
dicted binding affinity for Fp14–3/4f
(Table 4). Hence, the ICS and the
combined NetCTL/NetMHC analyses
support the presence of CD8C T-cell
epitopes on Fp9–3, Fp14–3, and Fp14–4 peptides.

Direct effect of peptides Fp9–3, Hp15–1, and Hp15–3 on in
vitro HIV-1 infection

Peptides Fp9–3 and Hp15–3 induced proliferation
responses in PMBC and T cells of HIV¡ healthy subjects.

This observation raised a concern on whether such T-cell
proliferation can non-specifically enhance HIV-1 infection.
Remarkably, these peptides and peptide Hp15–1 did not
enhance HIV-1 infection but instead significantly suppressed
the in vitro HIV-1 infection of uninfected PBMC upon inoc-
ulation with HIV-1LAV(Fig. 7). As expected, enhancement of

Figure 4. IFNg and CD8C T-cell proliferation responses to Fp9, Fp14, and Hp15 peptide epitopes. Pep-
tide pool Fp14 consists of 4 overlapping 13–15mer peptides spanning the amino- to carboxyl-terminus
(Fp14–1, Fp14–2, Fp14–3, Fp14–4), while pools Hp15 (Hp15–1, Hp15–2, Hp15–3) and Fp9 (Fp9–1, Fp9–
2, Fp9–3) each consist of 3 overlapping 13–15mer peptides. IFNg responses to individual Fp14 pepti-
des (A; nD9 ), Hp15 peptides (B; nD9 ) and CD8C T-cell proliferation responses to individual Fp9 pepti-
des (C; nD7 ) are shown along with responses to their corresponding peptide pools. Only responders
to pools Fp14 (A), Hp15 (B), and Fp9 (C) were tested. The responders consisted of long-term survivors
(LTS) without ART (LTS; black bar); recently diagnosed subjects (<1 year) with short-term infection
without ART (ST; gray bar); and those on ART with various duration of infection (ARTC, red bar). Each
bar with (*) in panels A and B are from the same 3 LTS.
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HIV infection was observed in the T-cell mitogen stimulated
control, whereas the negative control consisting of non-reac-
tive FIV reverse transcriptase peptide FRT3–4 (see Methods)
had no effect.

Discussion

Vaccination that selectively stimulates the immune system
through both neutralizing antibody and polyfunctional T cells
and avoiding areas that result in viral enhancement is critical to
producing a safe and effective HIV vaccine. Although the focus
of vaccination has largely centered around using entire regions of
the virus to modulate the immune response, inadvertent selection
of epitopes that enhance viral infection constitutes significant
risk. Clearly, it has been well documented in both HIV and FIV
that enhancement of infection can occur via antibody, comple-
ment and potentially T cell activation and upregulation of surface

markers resulting from antigenic stimulation.25,26 In addition,
previous immunizations using non-targeted sections of FIV p24
and envelope have also resulted in enhancement of infection or at
the very least, failure to induce protective immunity.26-29 In this
study, we have identified selected areas of p24 of both FIV and
HIV that stimulate polyfunctional T cells and suppress viral rep-
lication, thus making them prime candidates for inclusion in an
HIV vaccine.

Based on IFNg ELISpot and CFSE-proliferation analysis,
the PBMC and T cells from HIVC subjects (Table 1) identi-
fied at least 2 cell-mediated immune (CMI) peptide epitopes
in the FIV p24 pools Fp9 and Fp14 that could serve as
potential T-cell immunogens (Figs. 1 and 2). These peptides
were effective in the majority of subjects that had a corre-
sponding in silico predicted HLA and did not induce sub-
stantial responses in CD4C T cells from HIV¡ subjects.
Peptide pool Fp14 induced robust IFNg production with the
highest frequency of responders (32%) and moderate CD8C

Table 4. 9–13mer T-cell epitope mapping of Fp9 and Fp14 sequences using responders to Fp9 or Fp14

aThe 13–15mer peptide designations used in the peptide pools and their corresponding aa sequences are in bold.
bNumber of amino acids.
cThe responder frequencies to the large peptides were derived from yr 2 and included only responders to either the Fp9 or Fp14 peptide pool via CFSE pro-
liferation. The responder frequencies to the small 9–13mer peptides were obtained at yr 4 and included only responders to either the Fp9 or Fp14 peptide
pool via both proliferation and IFNg.
dThe two highest frequency of responders to small peptides by both CD8C and CD4C T cells are highlighted in bold.
eProliferation results are from small number of subjects tested (n D 4) but ICS results are from five subjects (Figure 6).
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T-cell proliferation responses (Figs. 1B and 2B). In contrast,
peptide pool Fp9 induced robust CD8C T-cell proliferation
with the highest frequency of responders (26%) and no IFNg
responses. Most notably, the immune activity induced by the
Fp9 and Fp14 peptide pools was detected on repeated patient
testing and persisted for up to 4 y (Fig. 3).

Unexpectedly, SIV p24 pools induced more CD4C and CD8C

T-cell proliferation responses than the corresponding HIV p24
pools in HIVC subjects (Fig. 2A,C). Moreover, the attenuated
CD4C T-cell proliferation responses to the SIV pools often mir-
rored the CD8C T-cell proliferation responses since CD4C T-cell
proliferation responses were observed only from those who also
had CD8C T-cell proliferation responses to the same peptides
(Fig. 2F). In some cases, these CD4C T cells could be more sensi-
tive to HIV-1 infection (see below). However, possibly the CD4C

T cells that are cross-reactive to these peptides persist in HIVC

subjects and can perhaps be stimulated by these conserved epito-
pes to enhance the CD8C T-cell responses against HIV.

In addition to high aa sequence similarity (Table 2), the pep-
tide pools Hp15 and Fp14 induced IFNg responses, notably,
only in PBMC from HIVC subjects (Figs. 4A and 4B). Further-
more, Fp14–3 and its HIV counterpart, Hp15–3, had a high fre-
quency of IFNg responders. When small 9–13mer peptides from
the Fp14 region were evaluated (Table 3), 2 overlapping

peptides within Fp14–3 and Fp14–4 (Fp14–3d, Fp14–3/4f)
showed high CD8C and CD4C T-cell proliferation responses,
low IFNg responses in HIVC subjects (Figs. 5A2, 5B2, 5C2)
and elicited no response in HIV¡ subjects (average of <10 SFU).
Thus, the epitope(s) present in peptide pools Hp15 and Fp14 are
specific and likely to be evolutionarily conserved.

Peptide analysis of the Fp9 region gave a high frequency of
responders measured by CD8C T-cell proliferation to peptides
Fp9–3c and Fp9–3d but higher CD8C T-cell proliferation
responses to the 15mer peptide Fp9–3 (Table 3, Fig. 5A1,B1).
One concern regarding the Fp9–3 peptide is its ability to elicit
non-specific CD8C and CD4C T-cell proliferation (enhanced
immunogenicity); this enhanced immunogenicity can serve as an
activation signal and could enhance HIV-1 infection.30,31 How-
ever, Fp9–3 peptide is not a classical enhancer as compared with
other T-cell mitogens (PHA and concanvalin A) because it does
not induce IFNg in T cells from either HIVC or HIV¡ subjects
(Fig. 5C1). IFNg production in some cases could enhance HIV-
1 infection.32,33 A percentage of CD8C T cells from HIV¡ sub-
jects proliferated in response to the Fp9 pool and the 15mer
Fp9–3 peptide but not to Fp9–3c and Fp9–3d 9mer peptides
(data not shown). These less enhancatory peptides have a strong
algorithmic prediction for CD8C T-cell activity with the most
common HLA supertypes A2 and B44 (Table 5).34 Therefore,

Figure 5. IFNg and T-cell proliferation responses to 9–13mers of FIV peptides Fp9–3, Fp14–3, and Fp14–4. Six 9–12mer peptides for the Fp9 pool (A1, B1,
C1) and 7 9–13mer peptides for the Fp14 pool (A2, B2, C2) described in Table 3 were tested for their ability to induce CD8C T-cell proliferation (A), CD4C

T-cell proliferation (B), and IFNg production (C) and compared to results with the Fp9 and Fp14 peptide pools. Thirteen–15mer peptides Fp9–3, Fp14–3,
and Fp14–4; and mitogen (PHA) were included as controls. A total of 9 HIVC responders to the Fp9 pool (A1, B1, C1) and 10 HIVC responders to the
Fp14 pool (A2, B2, C2) were tested up to 4 y after the beginning of the study. Two to 4 of the responders were lost to follow up. Their proliferation and
IFNg results to the 13–15mer peptides Fp9–3, Fp14–3, and Fp14–4, and are denoted with an (*) for each individual missing.
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the less enhancatory Fp9–3c and Fp9–3d peptides are likely bet-
ter candidates as vaccine immunogens.

In this report, the CTL epitopes Hp15–1c, Hp15–1a, and
Hp15–2/3a were further evaluated for cytotoxin expression along
with their counterpart in FIV Fp14–1a, Fp14–1b, and Fp14–3/
4f, respectively (Figs. 6C,D). In these studies, the HIV peptides
and their FIV counterparts, Hp15–1c/Fp14–1a (blue box),
Hp15–1a/Fp14–1b (purple box), and Hp15–2/3a/Fp14–3/4f
(red box) had high cytotoxin and CD107a expression. The
respective SIV counterparts Sp14–1c, Sp14–1b, and Sp14–1a
had a slightly lower number of responses than either their FIV or
HIV-1 counterpart (Figs. 6C,D).

The CTL epitope within the Hp15–1 peptide described in
LANL database is predicted to bind strongly to HLA supertype
B44.35 The B44 supertype is associated with a lower incidence

of HIV disease progression in study subjects in South Africa,
Botswana, and Zimbabwe.36,37 The inducers of CD8C T-cell
proliferation in HIV¡ subjects are epitopes within Hp15–3
and, to a lesser extent Hp15–2, but not in the Hp15–1 peptide
(Fig. 7). Thus, 2 known CTL epitopes within Hp15–1c and
Hp15–1a elicited substantial levels of cytotoxin and CD107a
expression but not as high as the well characterized epitope
Hp15–2/3a. Hp15–2/3a induced expression in both CD4C and
CD8C T cells and did not stimulate T cells from HIV¡ sub-
jects. As a result, it should be a better candidate for use as a vac-
cine immunogen.

Among the 3 peptides in Fp9 pool, the 15mer Fp9–3 had the
highest frequency of responders expressing one or more cytotox-
ins by ICS analysis (Fig. 6A,D). Based on NetCTL analysis, this
peptide can mediate CD8C T-cell activity by expressing peptide-

Table 5. HLA supertypes of the responders to key short and long peptides

aFour subjects who responded to the designated peptide were HLA class I typed, and their HLA alleles were compared to the HLA supertype(s) predicted for
the designated peptide using the NetCTL 1.2 and NetMHC 3.2 algorithms. The HLA A and HLA B allotypes for the subjects are shown as HLA supertypes.
bThe most common supertypes between subjects and the HLA algorithm predictions are shown. The bolded supertype represents the most common super-
types among the subjects.
cAll results were from responders to either Fp9 or Fp14 peptide pools. The results for individual 9–11mer peptides were derived from Figure 6. Those for
13–15mer peptides (Fp9-1, Fp14-1, Hp15-1) were derived from Figures 5 and/or 7. The average positive values are considered low when the frequency of
response is <15% CFSE or <125 SFU, and high when >30 CSFE or >300 SFU. The cytotoxin result is considered high when four or five subjects express one
or more cytotoxins in the CD8C T cells.
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specific cytotoxin(s) and using multiple HLA supertypes (A2, B7,
B8, B27, B62). This finding makes it a strong candidate as a
HIV-1 vaccine immunogen (Table 4). Similarly, the epitopes in
Fp14–4 and lesser extent in Fp14–3 (Fig. 6) had the highest fre-
quency of responders expressing cytotoxin(s) with high binding

affinity for supertypes A2 and/or B44 (Table 4). Since the HLA
B44 supertype is associated with either control of HIV infection
and/or slow progression to AIDS38-40 and the HLA A2 supertype
is associated with low HIV transmission41-43, targeting these
supertypes are likely beneficial in the development of an effective

Figure 6. Stimulation of cytotoxins by CTL epitopes on Fp9, Fp14, and Hp15 peptide pools, and their individual peptides. The ICS analyses for perforin
(Perf,�), granzyme A (GrzA,&), and granzyme B (GrzB, D) are shown for CD8C T cells (A, D) and CD4C T cells (B, C) from 5 HIVC responders with or with-
out ART. Two LTS/ART¡, one LTS/ARTC, one ST/ARTC, and one ST/ART¡ were first evaluated (A, B). Peptides tested included Fp9, Fp14, and/or Hp15 pep-
tide pools or large 13–15mer peptides (A, B). Responses from 5 HIVC responders of short-term HIV-infected subjects not on ART (ST/ART¡) were tested
using small 9–13mer peptides within Fp9–3, Fp14–1, Fp14–3, Fp14–4, and Sp14–1 (C, D). Note that Sp14 pool is a single 13mer peptide Sp14–1. Counter-
part peptides are shown with blue-dashed box for Fp14–1a/Hp15–1c/Sp14–1c, purple-dashed box for Fp14–1b/Hp15–1a/Sp14–1b, and red-dashed box
for Fp14–3/4f/Hp15–2/3a/Sp14–1a. The peptides tested with one less subject are denoted by (**), while their number of subjects and number of
responses are denoted by (*). Each separate symbol color represents one subject, and each color-coded subject is shown with his/her infection status.
The threshold for T cells expressing cytotoxin is set at >0.1% CD4C or CD8C T cells.
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vaccine. In addition, a recent study correlated HLA A2 alleles
with vaccine efficacy in the RV144 HIV vaccine trial and
highlighted the importance of HLA allotypes in developing an
effective HIV vaccine.44 The percent of patients expressing these
supertypes in the US is significant (A2, 27–50%; B44, 17–27%
based on ethnicity) with similar frequencies of A2 supertype
observed in sub-Saharan Africa and Thailand.45 Study subjects
demonstrated an overall prevalence of 48% of A2 and higher
than estimated prevalence of B44 at 44% (Table S1). Notably,
the current observations indicate that the cross-reactive peptides
Fp9–3, Fp9–3c, Fp9–3d, Fp14–3d, and Fp14–3/4f induce CMI
responses in HIVC subjects and are predicted to bind with highly
prevalent HLA supertypes A2 and/or B44 (Table 4).34,45,46

Interestingly, a large number of HIV¡ subjects also
responded to HIV and to a lesser degree FIV and SIV peptides.
Although a reason for the response in the uninfected popula-
tion was not specifically determined, it is important to note
that peptide design was targeted heavily toward common HLA
types (A2, B44) as described. As such, although patients were
HIV¡ and supposed not exposed to antigens, those HIV¡ sub-
jects who responded to the HIV peptides and to Fp9–3c do
represent an HLA subset with a greater number of predicted
HLA supertypes representing MHC restricted peptide targeting
(Table S1). In the case of HIV¡ subjects who responded
Fp14, there was an overrepresentation of additional supertypes,
specifically A03 (7/7 responders), that were not predicted as
targeted supertypes. This may represent additional responding
supertypes that may be included and not predicted by the algo-
rithm. Alternatively, reaction to these sequences in HIV¡ indi-
viduals may be due to exposure of na€ıve individuals to
molecular HIV mimics such as human endogenous retrovirus
(HERV). HERV sequences within the genome of na€ıve subjects

have been shown to elicit a T cell specific response to HIV-1/2
as well as SIV.47 Although a non-specific response in unin-
fected individuals may indicate broad stimulation of the
immune system, this is not necessarily detrimental, as immune
recognition by na€ıve individuals is required for an effective vac-
cine. It is possible for such a phenomenon to be beneficial
however, through priming the immune response or harmful by
upregulating cell surface markers of inflammation and enhanc-
ing HIV infection. Interestingly, further analysis of this phe-
nomenon using in vitro viral enhancement/suppression assay
revealed a viral suppressive effect of the identified peptides
Fp9–3 and Hp15–3 (Fig. 7) suggesting a beneficial effect of
immune stimulation by these candidate peptides.

Previously, we described evolutionarily conserved CD8C T-
cell epitopes on the FIV reverse transcriptase.48 In the current
study, we have identified cross-reactive p24 epitopes that are
found in both HIV and FIV peptide sequences. These results
support the existence of an evolutionary lineage among essential
proteins of inter-species lentiviruses. Being conserved, these
sequences are most likely essential for viral fitness, and thus less
likely to mutate.13

In summary, by evaluating IFNg production, CFSE prolifera-
tion, and cytotoxin production in both HIVC and HIV¡ subjects
(Fig. 8), we can conclude that the large 13–15mer peptides, HIV
Hp15–1 and FIV Fp14–4, and small 9–10mers Hp15–2/3a,
Fp14–1b, Fp14–3/4e, and Fp14–3/4f induce robust CMI
responses without enhancement of infection. Inclusion of epitopes
that generate polyfunctional activity (a combination of IFNg, T-
cell proliferation and/or cytotoxin responses), is considered an
important component in HIV vaccine design in that increased
numbers of polyfunctional T cells are present in HLA-B27 super-
type patients (those demonstrating a higher natural resistance to
HIV infection) and are more prevalent in HIV nonprogressors.9,49

Since the Fp9 and Fp14 epitopes possess polyfunctional activity,
they also merit consideration as potential immunogens for inclu-
sion in an effective HIV-1 vaccine. Selectively targeting these con-
served sequences and monitoring non-enhancing, T-cell specific
responses allow the identification of conserved FIV, HIV, and
SIV immunogenic peptides that could be included in an HIV vac-
cine for prophylaxis and immunotherapy.

Materials and Methods

Study population
The blood samples of HIVC subjects were obtained from the

University of California at San Francisco (UCSF) and the Uni-
versity of Florida Center for HIV/AIDS Research, Education
and Service (UF CARES) in Jacksonville using the protocol
approved by the Institutional Review Board at UF. The HIVC

subjects consisted of 14 long-term survivors (LTS) without anti-
retroviral therapy (ART) (LTS), 10 recently diagnosed subjects
(<1 year) with short-term infection without ART (ST); and
eleven HIVC subjects receiving ART with various duration of
infection (ARTC). Age, gender, and race as well as the viral and
immune status of the HIVC subjects used in the current study

Figure 7. Direct effect of Fp9–3, Hp15–1, and Hp15–3 peptides on in
vitro HIV-1 infection. The direct effect of FIV peptides Fp9–3 and FRT3–4
(light gray bar), HIV-1 peptides Hp15–1 and Hp15–3 (dark gray bar), and
virus positive control (C control, black bar) on HIV-1 infection of PBMC
from healthy uninfected subjects is shown as average end-point dilution
titer with standard deviation. Staphylococcal enterotoxin A control (SEA,
white bar) is included as a T-cell mitogen control to serve as positive con-
trol for FIV enhancement. FIV reverse transcriptase peptide FRT3–4 previ-
ously reported to be non-reactive to T cells from HIV¡ subjects is
included as a negative control.48 Statistically significant difference
between the average result of each peptide and the average virus con-
trol are shown with (*) for P < 0.02 and (**) for p < 0.001.
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are outlined in Table 1. All patients were considered to be in
clinical latency. The blood samples were processed within
48 hours of collection. T-cell phenotyping and HIV-1 load were
performed by the clinical laboratories at the UCSF Medical Cen-
ter and UF CARES. The samples from 22 healthy HIV seronega-
tive (HIV¡) subjects were obtained from LifeSouth Community
Blood Centers (Gainesville, FL) or from UF. HLA typing was
performed by the clinical laboratories at the UF Shands Medical
Center. Supertypes were determined based on previous reports.50

ELISpot assays
Human enzyme-linked immunosorbent spot assays (ELISpot)

(R&D Systems, Cat# XEL285) which measure IFNg production
were performed.51 The positive threshold for human IFNg
responses was >50 spot forming units (SFU)/106 cells. The final
value for each subject was derived after subtracting the result of
each HIVC subject with the media control followed by subtrac-
tion with the average response of the HIV¡ subjects from each
peptide pool which was rarely more than 10 SFU.

Flow cytometry (FACS) for measuring CFSE-proliferation
and intracellular cytokine staining (ICS)

Carboxyfluorescein diacetate succinimide ester (CFSE)-prolif-
eration analysis was performed according to the manufacturer’s
protocol (Invitrogen) and processed as previously described52

using the following modification: 2.5–5.0£105 CFSE-labeled
PBMC stimulated for 4–5 d (37�C, 5% CO2) with 15–30 mg of
peptides in culture media (AIM V medium, 25 mg/mL gentamy-
cin, and 10% heat-inactivated fetal bovine serum). The ICS anal-
ysis was performed as previously described.53,54

The antibodies used for the proliferation analysis consisted of
anti-CD4 allophycocyanin (APC) anti-CD3 APC-H7, and anti-
CD8 Pacific Blue, and those for ICS were anti-CD3 APC-H7,

anti-CD4 BD Horizon V450, anti-CD8 FITC, anti-granzyme B
(GrzB) Alexa 700, anti-granzyme A (GrzA) PE, CD107a Alexa
700 (BD Biosciences, Cat# 555349, 560176, 558207, 560345,
555366, 560213, 558904, 561340), and anti-perforin PerCP
(Abcam, Cat# ab86319). Both analyses were performed with BD
LSRII and FACSDivaTM Software (BD Biosciences), using a pos-
itive threshold of >1 % CFSElow for CFSE-proliferation except
for ICS studies with threshold of >0 .1% T cells expressing cyto-
toxin. The final value for each subject was derived after subtract-
ing the result of each HIVC subject with the media control
followed by subtraction with the average response of the media-
control subtracted HIV¡ subjects from each peptide pool.

Peptide design and Human leukocyte antigen (HLA)
binding analyses

Peptides were derived from p24 sequences of HIV-1 UCD-1
(subtype B), SIV MM251 and FIV FC-1 (subtype B). Thirteen–
15mer peptides with an 11 amino acid overlap were used for ini-
tial screening followed by targeted 9mers using previously
responding subjects (Table 3). The affinity of peptide binding to
HLA was determined by NetMHC version 3.2 for HLA class-I
(http://www.cbs.dtu.dk/services/NetMHC/), NetMHCII version
2.2 for HLA class-II (http://www.cbs.dtu.dk/services/NetMH-
CII/), and NetCTL version 1.2 for CTL-associated epitopes
(http://www.cbs.dtu.dk/services/NetCTL/). The LANL database
for CD8C and CD4C epitopes are based on the HIV-1 HXB2
sequence and identifies the epitope-interacting HLA allele(s).

Viral Enhancement/Suppression Assay
Few of the T-cell peptides were tested in vitro for HIV-1

enhancement or suppression of viral infection. This assay is a 48-
well modification of the 25-cm2 flask method described for
detecting HIV-1 enhancing activities of IFNg and HIV/FIV

Figure 8. Summary of functional epitope analyses. Results from 3 functional analyses are summarized according to frequency of HIVC (lanes 1–4) or HIV¡

(lane 5) responders and are shown as (C) for frequency of >25 % responders, ( §) for 19–25% responders, (¡) for <19% responders, or as (*) for not
available. Each lane, abridged in the insert, shows the ability of the peptide pool or peptide to stimulate an IFNg response (lane 1), CD8C T-cell prolifera-
tion (lane 2), and CD4C T-cell proliferation (lane 3). Lane 4 denotes the ability to induce cytotoxin(s) in only CD8C T cells (C) or in both CD8C and CD4C T
cells (CC) by 4 or more HIVC subjects when at least 9 subjects tested. In lane 5, the positive result (C) indicates substantial frequency of proliferation
responses from HIV¡ subjects and may indicate a safety concern; whereas a negative result (¡) indicates no substantial HIV¡ response to the peptide
pool or peptide. Positive response of HIV¡ control had CD8C T-cell proliferation response in 30–42% of HIV¡ subjects. The large 13–15mer peptides with
the best CMI responses without stimulation in HIV¡ subjects are shown with dashed boxes, while the best small peptides are shown with solid boxes.
Therefore, Hp15–1, Hp15–2/3a, Fp14–4, Fp14–1b, Fp14–3/4e, and Fp14–3/4f peptides appear to contain the best potential epitopes to target for use as
HIV immunogens.
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suppressive activities of IFNa and/or IFNb.32 Briefly, 1.0–
1.5£106 unstimulated PBMC from HIV¡ donor was cultured
in a final volume of 1-mL/well with 7 mg/mL of peptides Hp15–
1, Hp15–3, Fp9–3, or negative control peptide FRT3–4. FRT3–
4 is an FIV reverse transcriptase peptide previously reported to
be reactive with T cells from HIVC subjects but do not react
with T cells from HIV¡ subjects.48 The infection enhancing con-
trol was cultured with 0.4 mg/mL of Staphylococcal enterotoxin
A (SEA). Eight hours after the culturing with peptides or mito-
gen control (SEA), varying dilutions of HIV-1LAV were added to
the wells. On Day 3 (72 hours) the cells were spun down and re-
cultured in fresh culture media with PHA-stimulated autologous
PBMC (1.0–1.5£106) using the same amount of corresponding
peptide or media for media and mitogen controls. On Days 6, 9,
and 12 of culture, 0.5 mL of the culture fluid was collected and
fresh media added to keep a consistent volume. The harvest cul-
ture samples were analyzed to determine HIV-1 titer by RT
assay.17 Results are shown as end-point dilution titer of samples
from 2 to 3 studies using PBMC from different HIV¡ donors.

Statistical analysis
Statistically significant differences between the results from 2

time points were calculated using a paired Student t-test with a
2-tailed distribution (SigmaPlot version 11.0) and were consid-
ered statistically significant when p<0.05.
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