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We investigated HIV-1 vaccine-induced lymphoproliferative responses in healthy volunteers immunized
intradermally or intramuscularly (with or without adjuvant granulocyte-macrophage colony-stimulating factor
[GM-CSF] protein) with DNA expressing HIV-1 gag, env, rev, and rt at months 0, 1, and 3 using a Biojector and
boosted at 9 months with modified vaccinia virus Ankara (MVA) expressing heterologous HIV-1 gag, env, and
pol (HIV-MVA). Lymphoproliferative responses to aldrithiol-2 (AT-2)-inactivated-HIV-1 antigen were tested by
a [°H]thymidine uptake assay and a flow-cytometric assay of specific cell-mediated immune response in
activated whole blood (FASCIA-WB) 2 weeks after the HIV-MVA boost (n = 38). A FASCIA using peripheral
blood mononuclear cells (FASCIA-PBMC) was also employed (z = 14). Thirty-five of 38 (92%) vaccinees were
reactive by the [*H]thymidine uptake assay. Thirty-two of 38 (84%) vaccinees were reactive by the CD4* T-cell
FASCIA-WB, and 7 of 38 (18%) also exhibited CD8" T-cell responses. There was strong correlation between
the proliferative responses measured by the [*H]thymidine uptake assay and CD4" T-cell FASCIA-WB (r =
0.68; P < 0.01). Fourteen vaccinees were analyzed using all three assays. Ten of 14 (71%) and 11/14 (79%)
demonstrated CD4™" T-cell responses in FASCIA-WB and FASCIA-PBMC, respectively. CD8™ T-cell reactivity
was observed in 3/14 (21%) and 7/14 (50%) using the FASCIA-WB and FASCIA-PBMC, respectively. All 14
were reactive by the [*H]thymidine uptake assay. The overall HIV-specific T-cell proliferative response in the
vaccinees employing any of the assays was 100% (38/38). A standardized FASCIA-PBMC, which allows
simultaneous phenotyping, may be an option to the [*H]thymidine uptake assay for assessment of vaccine-

induced T-cell proliferation, especially in isotope-restricted settings.

Human immunodeficiency virus (HIV)/AIDS is a global bur-
den, but predominantly prevalent in sub-Saharan Africa. In
2008 there were an estimated 33.4 million (31.1 to 35.8 million)
people globally living with HIV and an estimated 2.7 million
(2.4 to 3.0 million) new HIV infections and 2.0 million (1.7 to
2.4 million) HIV-related deaths occurred (UNAIDS: AIDS
epidemic update 2009 [www.unaids.org/en/KnowledgeCentre
/HIVData/EpiUpdate/EpiUpdArchive/2009/default.asp]).  Sixty-
seven percent of all people living with HIV are found in sub-
Saharan Africa, and 72% of total global AIDS deaths occurred
in the region in 2008. Approximately 60% of HIV infections in
sub-Saharan Africa occur in women (UNAIDS: AIDS epi-
demic update 2009 [see the URL listed above]). Development
of an effective and well-tolerated HIV vaccine is likely to be
the best way to stop further spread of HIV infection. Most
current HIV vaccine candidates in clinical trials are de-
signed to induce cell-mediated immune responses, and thus
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much of vaccine assessment relies on cell-based assays that
quantify and characterize the vaccine-induced T-cell re-
sponses.

Several studies provide support for a correlation between
T-cell function and HIV control (reviewed in reference 1).
HIV-specific CD4" T-cell responses, including vigorous pro-
liferation and production of gamma interferon (IFN-y) and B
chemokines, were shown to be associated with control of virus
replication and prevention of disease progression by Rosen-
berg and colleagues (18). Proliferative capacity has generally
been linked to CD4" T-cell responses. However, Migueles et
al. reported that CD8" T cells from HIV-infected long-term
nonprogressors (LTNP) had a greater capacity to proliferate
than those from progressors. Proliferation was tightly coupled
to increases in perforin expression, indicating enhanced effec-
tor function (17). More recently, CD8" T cells with prolifera-
tive capacity have been implicated in the immune control of
HIV-1 infection. HLA-B*57- and -B*27-restricted CD8" T
cells from long-term nonprogressors exhibited greater prolif-
erative capacity than those restricted by other alleles (13). In a
South African cohort of HIV-infected individuals, prolifera-
tion showed a significant inverse correlation with viral load,
while cytokine production and degranulation did not (5). Ca-
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TABLE 1. Vaccination groups and vaccinations”

HIV DNA priming

Immunization immunizations (n = 3)

HIV-MVA boosting

Immunization immunization (n = 1)

group (1) subgroup (1)
Amt (mg) Route Amt (PFU) Route

A (10) 1 id. Al(5) 108 i.m.
A2(5) 107 id.
B (10) 3.8 i.m. B1(5) 108 i.m.
B2 (5) 107 id.
C(9) 1 (+GM-CSF) id. C1(5) 108 im.
C2 (4)° 107 id.
D (9)° 2 (+GM-CSF) im. D1 (4)° 108 i.m.
D2 (5) 107 id.

“HIV DNA priming immunizations were administered at days 0, 30, and 90. The HIV-MVA boosting immunization was administered at month 9. GM-CSF,
granulocyte-macrophage colony-stimulating factor; i.d., intradermal; i.m., intramuscular.
? Two vaccinees did not receive all immunizations and were therefore not included in the analyses.

larota et al. (2) recently also showed that the presence of
antigen-specific T-cell precursors with high proliferative capac-
ity was associated with HIV-1 control and preservation of CD4
counts. Additionally, T-cell proliferation has been associated
with reduced HIV acquisition in Kenyan female sex workers
(12).

There are various assays that are used for monitoring vac-
cine-induced cell-mediated immune responses, of which detec-
tion of proliferative capacity is one. The lymphocyte prolifer-
ation assay (LPA) has been used for many years to measure in
vitro HIV-specific T-lymphocyte responses (3, 6, 24, 25, 26).
LPA results are influenced by antigen processing and presen-
tation, the ability of T cells to proliferate in culture, and the
initial frequency of antigen-specific memory T cells (9, 14, 24).
The tritiated thymidine ([*H]thymidine) uptake assay is the
conventional method that has been used to determine prolif-
eration of T lymphocytes by measurement of incorporation of
the radioactive tracer tritiated thymidine in newly synthesized
DNA of dividing cells. The assay utilizes purified peripheral
blood mononuclear cells (PBMC) and takes 3 to 7 days to
complete. The assay does not provide information on the phe-
notype of proliferating cells and has generally been considered
a CD4" T-cell assay (4). Furthermore, the use of radioactive
thymidine is restricted in some developing countries.

Several flow cytometry-based methods to measure prolif-
erative T-cell responses have been described, including the
detection of intracellular markers of cell division such as
Ki67 (22) and of incorporation of the thymidine analogue
bromodeoxyuridine (BrdU) (16) and staining with fluorescent
dyes such as carboxyfluorescein diacetate succinimidyl ester
(CFSE) and PKH26 (7, 10, 15). CFSE or PKH26 is divided
between daughter cells upon cell division whereby the fluores-
cence intensity of the cells reveals the number of divisions that
have occurred. Another LPA called flow cytometric assay of
specific cell-mediated immune response in activated whole
blood (FASCIA-WB) utilizes whole-blood samples that are
cultivated for 6 to 7 days in the presence or absence of stim-
ulators, and results are assessed as the number of antigen-
specific lymphoblasts generated (8, 23). The assay can also be
run using PBMC (FASCIA-PBMC). Both FASCIA variants
can differentiate between CD4" and CD8" T-lymphocyte im-

mune responses. In settings where there is restricted use of
radioactive thymidine, FASCIA-WB or FASCIA-PBMC may
be an option to a conventional [*H]thymidine uptake assay.

A randomized, open-label, phase I HIV safety and immu-
nogenicity study (HIVIS01/02) to assess different modes of
administering an HIV DNA vaccine candidate (plasmid DNA
with inserted HIV genes env, rev, gag, and RT) boosted with
heterologous recombinant modified vaccinia virus Ankara
(MVA) expressing analogous HIV-1 genes (HIV-MVA) was
completed recently in Stockholm, Sweden. In the HIVIS01/02
trial, 34 of 38 vaccinees had HIV-specific IFN-y enzyme-linked
immunospot (ELISpot) responses and 35 of 38 vaccinees had
a positive lymphoproliferative response by the [*H]thymidine
uptake assay. An overall total of 37 (97%) were responders. It
was also shown that a low dose of HIV-1 DNA administered
intradermally i.d. was as effective as a high dose administered
intramuscularly (i.m.) in priming for the MVA boosting vac-
cine (21).

The aim of the current study was to further define the HIV-
1-specific lymphoproliferative responses in these volunteers by
applying a flow cytometry-based assay employing either whole
blood (FASCIA-WB) or PBMC (FASCIA-PBMC) to assess
vaccine-induced CD4" and CD8" T-cell proliferation. Fur-
thermore, the use of FASCIA, especially suitable in isotope-
restricted settings, was explored as an alternative to the con-
ventional [*H]thymidine uptake assay.

MATERIALS AND METHODS

Study samples. Samples from 38 healthy volunteers participating in the
HIVIS01/02 trial were included in the study. The immunization scheme and
vaccine components used in the HIVIS01/02 trial have been described previously
(21). In brief, volunteers were randomized to 4 different treatment groups and
immunized either i.d. or i.m., with or without adjuvant granulocyte-macrophage
colony-stimulating factor (GM-CSF) (Table 1), with DNA expressing HIV-1
genes envA, -B, and -C, revB, gagA and -B, and rtB at months 0, 1, and 3 using a
Biojector (kindly provided by R. Stout, Bioject, Portland, OR). The volunteers
were further rerandomized for boosting at 9 months with MVA expressing
HIV-1 envE, gagA, and polA genes, developed by the Laboratory of Viral Dis-
eases, National Institute of Allergy and Infectious Diseases, National Institutes
of Health, Bethesda, MD, and produced by Walter Reed Army Institute for
Research, Rockville, MD (Table 1).

Lymphoproliferative responses to aldrithiol-2 (AT-2)-inactivated-HIV-1 anti-
gen were determined in fresh blood samples collected from 38 vaccinees 2 weeks
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after the HIV-MVA boost immunization using the [*H]thymidine uptake assay
and the FASCIA-WB. FASCIA-PBMC were employed during the later part of
the study (14 samples). The 14 samples were selected on the basis of their
availability, as all assays were performed using fresh cells.

Twenty-eight healthy blood donors were also included to determine back-
ground reactivity levels, 17 for the FASCIA-PBMC and 27 for the conventional
[*H]thymidine uptake assay.

Antigens. AT-2-treated-HIV-1 MN (subtype B) and SUPTI1 microvesicles
(control), kindly donated by J. Lifson (National Cancer Institute, Frederick,
MD), were used at a final concentration of 2.5 pg/ml. Phytohemagglutinin (PHA;
5 pg/ml; Difco Laboratories, Detroit, MI) was used as a positive control.

PBMC preparation. Whole blood was collected in cell preparation tubes
(CPT; Becton Dickinson Vacutainer Systems, Franklin Lakes, NJ) containing
sodium heparin as an anticoagulant and a cell separation medium. The CPTs
were processed according to the manufacturer’s instructions. After blood draw,
the CPTs were transported to the laboratory, where the tubes were inverted 8
times before centrifugation at 1,500 X g and room temperature. Cell preparation
was performed within 6 h of blood collection. The cell suspension was collected,
and the cells were washed twice in phosphate-buffered saline (PBS) and resus-
pended in complete medium consisting of RPMI 1640 medium with Glutamax
(Invitrogen Ltd., Paisley, United Kingdom), supplemented with penicillin (50
TU/ml)-streptomycin (50 pg/ml) and 10 mM HEPES, before counting. PBMC
yield and viability were determined using a NucleoCounter (ChemoMetec A/S,
Allerod, Denmark). Fresh PBMC were used in the [*H|thymidine uptake assay
and FASCIA-PBMC.

[*H]thymidine uptake assay. The [*H]thymidine uptake proliferation assay
was performed as previously described (21). Briefly, fresh PBMC were incubated
in triplicate at 200,000 cells/well in 96-well flat-bottom plates (Nunclon, Aarhus,
Denmark) in 0.2 ml complete medium supplemented with 10% heat-inactivated
human AB™" sera. Cells were cultured at 37°C in a humidified 7.5% CO, incu-
bator in the absence (complete medium only) or presence of AT-2-treated-
HIV-1 MN antigen, SUPT1 microvesicles (control antigen), and PHA. Cell
cultures were pulsed for 6 h on day 2 (PHA) and day 6 (specific antigens) with
1 pCi [*H]thymidine per well (GE Healthcare Bio-Sciences AB, Uppsala, Swe-
den). The cells were harvested onto filters using Harvester 96 Mach I1I Tomtec
(Wallac, Turku, Finland), and [*H]thymidine incorporation was measured using
a 1450 MicroBeta liquid scintillation counter (Wallac, Turku, Finland). T-cell
proliferation was reported as stimulation index (SI), determined by dividing the
mean counts per minute for the antigen-stimulated wells by the mean for the
unstimulated control wells. The mean background reactivity in samples from
healthy blood donors (n = 27) was an SI of 1.70 = 2.09. A SI of =8 was
considered positive (mean SI + 3 standard deviations [SD] = 7.95).

FASCIA-WB. Blood was collected in Vacutainer tubes (BD) containing so-
dium heparin as an anticoagulant. Whole blood diluted 1/8 in medium (RPMI
1640 with Glutamax supplemented with 50 IU/ml penicillin and 50 pg/ml strep-
tomycin) was cultured in the absence (medium only, negative control [NC]) or
presence (test) of HIV-1 antigen and PHA (positive control [PC]). Four hundred
microliters of the diluted blood and 100 pl of antigen or medium only were
added to polystyrene round-bottom tubes with caps (BD Biosciences, San Jose,
CA) and incubated for 7 days in a humidified atmosphere at 37°C with 7.5%
CO,. All samples were run in duplicate. After incubation, the tubes were cen-
trifuged at 300 X g for 5 min and 350 pl of the supernatants was removed. The
cells were stained with anti-CD3-fluorescein isothiocyanate (FITC) and anti-
CD4-PerCP (BD) for 15 min in the dark at room temperature. One milliliter of
lysing solution (Pharm Lyse; BD) was added, and cells were incubated for 10 min
at room temperature, followed by centrifugation at 300 X g for 5 min, removal
of the supernatants, addition of lysing solution (BD), washing with FACSFlow
(BD), and resuspension in 450 pl of CellFIX (BD). The samples were stored in
the dark at 4°C until acquisition.

FASCIA-PBMC. Fresh PBMC were cultured in complete medium supple-
mented with 10% heat-inactivated human AB™ sera in the absence (complete
medium [NC]) or presence (test) of HIV-1 antigen and PHA (PC). Two hundred
thousand cells/well (100 pl) and 100 pl of antigen or complete medium were
added to 96-well flat-bottom plates (Nunclon, Aarhus, Denmark) and incubated
for 7 days in a humidified atmosphere at 37°C with 7.5% CO, in air. All samples
and controls were run in duplicate. After stimulation, the cells were transferred
to polystyrene round-bottom tubes (BD) and centrifuged at 300 X g for 5 min
and 100 pl of the supernatants was removed. The pellets were stained with
anti-CD3-FITC and anti-CD4-PerCP (BD) for 10 min at room temperature,
followed by washing with FACSFlow (BD) and resuspension in 450 pl of Cell-
FIX (BD). The samples were stored in the dark at 4°C until acquisition.

Flow cytometric acquisition. Acquisition was performed using either a
FACScan (BD) equipped with one 15-mW air-argon ion (488-nm) laser or a
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FACSCalibur (BD) equipped with one 15-mW air-argon ion laser and one
red iodide laser operating at 488 nm and 635 nm, respectively. The instrument
was set for three- or four-color analysis using FACSComp software (BD) in
conjunction with Calibrite beads (BD), with a threshold on forward scatter (FSC)
to exclude debris. The flow rate was set on “high,” which corresponds to a
collection rate of 1 pl/s. Further, the collection criterion was set on “time”
instead of “events” in order to collect 1/10 (45 wl) of the sample volume from
each tube, which enables determination of the total number of cell subsets in a
culture by multiplying the number of acquired cells by a factor of 10. Data were
collected in list mode, and analyses were performed using Cell Quest Pro soft-
ware, version 4.0.1, and FlowJo software, version 8.7.1.

Flow cytometric analysis and calculations. A detailed description of the sam-
ple analysis is found in Fig. 1. All samples were analyzed as duplicates. Prolif-
erative responses were measured by detection of CD3" CD4" and CD3" CD4~
(CD8™") lymphoblasts, and results were expressed as mean percentages of stim-
ulation (%S) according to the equation %S = 100 X (test — NC)/(PC — NC).
For simplicity, CD3" CD4* and CD3" CD4™ T cells are referred to as CD4"
and CD8" T cells, respectively. A %S value above the mean = 3 SD of the
baseline values for the vaccinees was considered to be a positive reaction for
FASCIA-WB. The mean background reactivity levels in the baseline samples
from the vaccinees (%S values; n = 38) were 0.23% =+ 0.24% for the CD4* T
cells and 0.21% = 0.28% for the CD8™ T cells. %S values above 1.0% and 1.1%,
respectively, were considered to indicate positive responses.

In the absence of baseline values for FASCIA-PBMC, %S values above the
mean = 3 SD for 17 healthy controls were considered positive in this assay. The
mean background reactivity levels were 0.26% =+ 0.72% for the CD4™ T cells and
0.55% = 0.75% for the CD8™ T cells. %S values above 2.4% and 2.8%, respec-
tively, were considered to indicate positive responses.

Ethical considerations. The phase I HIVIS trial protocols were approved by
the Regional Ethics Committee, Stockholm, Sweden. Informed consents were
obtained from study volunteers prior to their inclusion into the study.

Statistical analysis. The proportion of vaccinees with HIV-1-specific lympho-
proliferative responses was determined for each assay ([*H]thymidine uptake
assay, FASCIA-WB, and FASCIA-PBMC), and comparisons were made using
Pearson’s chi-square test and Fisher’s exact test, where applicable. The Mann-
Whitney U test was used for comparative analyses of LPA reactivity levels.
Correlations between results obtained by the [*H]thymidine uptake assay,
FASCIA-WB, and FASCIA-PBMC were estimated by the nonparametric Spear-
man rank correlation test. A P value of <0.05 was considered statistically significant.

RESULTS

The [*H]thymidine uptake assay displayed strong T-cell
proliferative responses. Lymphoproliferative responses to AT-
2-inactivated-HIV-1 antigen were determined in fresh blood
samples collected from 38 vaccinees 2 weeks after the HIV-
MVA boosting immunization using a [*H]thymidine uptake
assay and FASCIA-WB. Thirty-five of 38 vaccinees (92.1%)
were reactive by the [?H]thymidine uptake assay (SI = 8), with
a mean reactivity (SI) = SD of 135.63 = 233.10 (Fig. 2). The
mean counts per minute for reactive donors * SD was
17,987 + 18,954 cpm (range, 386 to 72,295 cpm).

Both HIV-1-specific CD4* and CD8* T-cell proliferative
responses were detected by FASCIA-WB. Thirty-three of
38 vaccinees (86.8%) were reactive by the CD4" T-cell
FASCIA-WB (Fig. 3A), and 8 (21%) were also reactive by the
CD8" T-cell FASCIA-WB (Fig. 3B). The mean (=SD) HIV-
specific CD4" T-cell proliferative responses (%S) detected by
the FASCIA-WB were 0.23% = 0.24% in the baseline samples
and 10.42% = 16.26% in the HIV-MVA postvaccination sam-
ples. The corresponding values for the CD8" T-cell prolifera-
tive responses were 0.21% = 0.28% and 3.21% =+ 10.97%,
respectively.

The FASCIA-PBMC (CD4%) correlated with the [3H]thy-
midine uptake assay. A slightly higher number of responders
(35/38) were detected by the conventional [*H]thymidine up-
take assay than by FASCIA-WB (33/38), though the difference
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FIG. 1. Analysis strategy for flow cytometric assessment of lymphoproliferative responses by detection of lymphoblasts in FASCIA-WB or
FASCIA-PBMC. Shown are proliferative responses against AT-2-inactivated-HIV-1 antigen assessed by FASCIA-WB in samples from a vaccinee
collected at baseline (column A) and 2 weeks after MVA boost (column B) and by FASCIA-PBMC in samples from a blood donor (column C)
and from a vaccinee at 2 weeks after MVA boost (column D). CD3* T cells are identified by region R1 on a side scatter (SSC) versus FL1 (CD3)
dot plot (first [top] row). Then, small nongranular resting lymphocytes and granular lymphoblasts are identified by regions R2 and R3, respectively,
on a forward scatter (FSC) versus SSC dot plot (second row). Cells within R2 and R3 are displayed on dot plots showing staining with anti-CD3
and anti-CD4 antibodies, where CD4* CD3" T cells and CD4~ CD3™" T cells are indicated as CD4 and CD8, respectively.

did not reach statistical significance. Five vaccinees that were
reactive by the [?H]thymidine uptake assay were nonreactive
by the CD4" T-cell FASCIA-WB, and three vaccinees that
were reactive by the CD4™ T-cell FASCIA-WB were nonre-
active by the [*H]thymidine uptake assay (Fig. 4). Six of the
eight samples with discordant results displayed reactivities
close to the cutoff in both assays. Nonetheless, there was a
significant correlation (r = 0.68; P < 0.01) between the pro-
liferative responses measured by the [*H]thymidine uptake
assay and the CD4" T-cell FASCIA-WB.

The FASCIA-PBMC reveals additional T-cell reactivity. Be-
cause of the discrepancy in the number of responders noted
using FASCIA-WB compared to the [*H]thymidine uptake
assay, a FASCIA using PBMC was added for the testing of the
final 14 vaccinees in the trial. All 14 (100%) were reactive using
the [?H]thymidine uptake assay, 11 (78.6%) were reactive by
the CD4" T-cell FASCIA-PBMC, and 10 (71.4%) were reac-
tive by the CD4" T-cell FASCIA-WB (P = 0.78 and 0.59,
respectively) (Fig. 5). The mean (=SD) HIV-specific CD4"

T-cell proliferative responses (%S) detected by the FASCIA-
PBMC and FASCIA-WB were 32.82% = 47.64% and
14.44% = 24.29%, respectively (P = 0.11). There was a sig-
nificant correlation in CD4™" T-cell proliferative responses
(r = 0.90, P < 0.001) between FASCIA-WB and FASCIA-
PBMC. Seven samples (50%) were reactive by the CD8"
T-cell FASCIA-PBMC and 4 (28.6%) by the CD8" T-cell
FASCIA-WB (P = 0.13). The mean (*=SD) HIV-specific
CD8" T-cell proliferative responses detected by the FASCIA-
PBMC and FASCIA-WB were 9.53% =+ 13.58% and 7.50% =
17.57%, respectively (P = 0.49).

T-cell proliferative responses by vaccination group. The
overall HIV-specific T-cell proliferative response in the vac-
cinees employing any of the three assays was 100% (38/38).
However, since only four or five volunteers were included in
each vaccination subgroup (Table 1), no attempt was made to
compare T-cell proliferative responses by HIV DNA immuni-
zation and HIV-MVA dose. We compared results for intra-
muscular (n = 19) and intradermal (n = 19) delivery of the
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FIG. 2. T-cell proliferation against AT-2-inactivated-HIV-1 antigen, as measured by the [*H]thymidine uptake assay (cutoff SI = 8), in 38
HIVIS01/02 volunteers at the time of HIV-MVA vaccination and 2 weeks after vaccination by vaccination group. The vaccination groups are

detailed in Table 1.

HIV-MVA vaccine regardless of dose and HIV DNA priming.
There was a borderline significance in reactivity by route of
HIV-MVA immunization observed using the conventional
[*H]thymidine uptake assay (P = 0.0597) or the CD4" T-cell
FASCIA-WB (P = 0.0597) (Fig. 6).

DISCUSSION

While the CD8" T cells provide the effector arm of the
cell-mediated immune response, the CD4™ T cells influence
their maturation and function, and an efficacious cell-based
HIV vaccine will most likely have to induce both CD4* and
CD8" T-cell responses. Additionally, HIV-specific CD4* T
cells should be capable of proliferating and expanding after
antigen exposure in order to preserve the function of recall
HIV-specific CD8" T cells. In the current study, HIV-1 vac-
cine-induced lymphoproliferative responses were determined
by using a conventional [*H]thymidine uptake assay and two
flow-cytometric assays, the FASCIA-WB and the FASCIA-
PBMC. The latter two assays allow further characterization of
the proliferating cells by immunophenotyping. We found that
the [*H]thymidine uptake assay detected a slightly higher num-
ber of responders (35/38) than the FASCIA-WB (33/38). We
also detected a higher number of responders with HIV-specific
CD8™" T-cell proliferative responses by FASCIA-PBMC than
by FASCIA-WB (8/14 versus 4/14). Overall, T-cell proliferative
responses were frequent and seen in both CD4" T-cell and
CD8™" T-cell compartments.

Our findings extend those reported by others testing DNA
prime-poxvirus vector vaccine candidates in clinical trials.
Goonetilleke and colleagues reported induction of HIV-1-spe-
cific T cells with proliferating capacity using [*H]thymidine
incorporation in 5 of 8 volunteers receiving vaccines vectored
by plasmid DNA and modified vaccinia virus Ankara express-
ing HIV-1 24/p17 gag linked to a string of CD8" T-cell
epitopes (10). Using CFSE labeling, an LPA that also allows
detection of CD4" and CD8™ T cells, the induction of CD4 ™

and CD8™" T-cell proliferation in response to Env- and Gag-
specific stimulation was recently shown in three vaccinees re-
ceiving a recombinant DNA prime and boosting with the pox-
virus vector NYVAC expressing the Env, Gag, Pol, and Nef
polypeptide domain from HIV-1 (11).

This is the first report where FASCIA has been used for the
assessment of vaccine-induced T-cell proliferative responses.
In the current study, AT-2-treated-HIV-1 MN antigen (sub-
type B) was used in the T-cell proliferation assays and stimu-
lation of both CD4" and CD8™" T cells was detected, although
CD4™" T cells were more frequent. AT-2 treatment results in
elimination of infectivity with preservation of conformational
and functional integrity of virion surface proteins including
both virally encoded determinants and proteins derived from
the host cells in which the virus was produced (19). In a recent
study of 18 U.S. individuals infected with HIV-1 subtype B and
32 Ugandan individuals infected with subtypes A and D or
recombinants AC and AD, both subtype-specific and cross-
reactive responses were observed. Furthermore, as also shown
here, AT-2-inactivated-HIV-1 antigen was reported to stimu-
late both CD4" and CD8" HIV-1-specific responses (20).

We detected a slightly higher number of responders in the
[*H]thymidine uptake assay than in FASCIA-WB (35/38 versus
33/38). These findings suggested that the conventional [*H]thy-
midine uptake assay might be more sensitive than FASCIA-
WB. In a study by Svahn and colleagues, FASCIA-WB dis-
played a sensitivity of 95% for the detection of varicella-zoster
virus (VZV)-specific cell-mediated immune responses in VZV
antibody-positive children with a history of chicken pox (23).
We found a higher number of responders with HIV-specific
CD8" T-cell proliferative responses when using purified
PBMC in the FASCIA, compared to using whole-blood
FASCIA (8/14 versus 4/14). The FASCIA-PBMC is similar to
the conventional [*H]thymidine uptake assay in that a defined
number of cells (200,000/well) are activated. In the whole-
blood assay (FASCIA-WB) the number of cells that are acti-
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FIG. 4. Correlation of T-cell proliferative responses against AT-2-
inactivated-HIV-1 antigen, as measured by the [*H]thymidine uptake
assay and the FASCIA-WB (CD4"), in 38 HIVIS01/02 volunteers 2
weeks after the HIV-MVA immunization (r = 0.68; P < 0.01). Samples
reactive in both assays (blue rhombs), reactive only in the [*H]thymi-
dine uptake assay (red triangles), and reactive only in FASCIA-WB
(CD4™, yellow circles) are indicated.

vated varies depending on the blood counts. Furthermore, in
the FASCIA-WB all blood components, including antibodies,
are present. Thus, the proliferating cells might be affected by
the 7-day whole-blood culture environment.

The [*H]thymidine uptake assay is based on the incorpora-
tion of radioactive tritiated thymidine in newly synthesized
DNA of dividing cells, while the FASCIA-WB and FASCIA-
PBMC are based on the assessment of the number of antigen-
specific lymphoblasts generated during the proliferation pro-
cedure. A main limitation of the [*H]thymidine uptake assay is
that it measures only the total amount of DNA synthesis in
bulk culture and does not allow phenotyping of proliferating
cells. FASCIA-WB is less laborious and time-consuming, mak-
ing it suitable for large-scale studies; it does not require the use
of a radioactive substance and is advantageous over the
[*H]thymidine uptake assay since it allows simultaneous phe-
notyping of the responsive T cells, identifying both CD4* and
CD8™" T cells. It can also be combined with characterization of
the cytokine profile of responding cells using intracellular
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responses in the FASCIA-PMBC assay.

staining or examination of culture supernatants. However, for-
mation of a microclot in the sample collection tube or in the
culture tube might affect the final result of the assay. This
applies for any whole-blood assay.

Utilization of a defined number of peripheral blood mono-
nuclear cells (200,000 cells/well) and standardized culture con-
ditions offers a greater possibility of assay standardization,
including a reduced risk of reduced sensitivity due to the use of
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FIG. 6. T-cell proliferative responses by route of HIV-MVA im-
munization as determined by the conventional [*H]thymidine uptake
assay (A) and CD4" T-cell FASCIA-WB (B).

samples from lymphopenic individuals. In the FASCIA-WB,
the number of PBMC used is not standardized and antibodies
and other components that might inhibit the proliferation pro-
cedure are present in the culture. The FASCIA-PBMC has the
combined advantages of the [*H]thymidine uptake assay and
the FASCIA-WB: it uses a standardized number of PBMC and
culture conditions; it allows further characterization of the
responsive T cells by simultaneous phenotyping, intracellular
cytokine staining, or analysis of culture supernatant; it does not
use a radioactive substance; and it is potentially suitable for
large-scale studies. Further evaluations of the FASCIA-PBMC
in clinical trial settings are needed, and a comparison of the
FASCIA-PBMC and CFSE labeling assay is ongoing in our
laboratory.

In conclusion, strong HIV-1-specific CD4* and CD8* T-cell
lymphoproliferative responses were demonstrated in a high
proportion of volunteers in the HIVIS01/02 study following
HIV-1 DNA/MVA immunization. A standardized FASCIA-
PBMC, which allows simultaneous phenotyping, may be an
alternative to the conventional [*H]thymidine uptake assay for
assessment of vaccine-induced T-cell proliferation, especially
in isotope-restricted settings.
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