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Identification of major histocompatibility complex (MHC) class II binding peptides is a crucial step in
rational vaccine design and immune monitoring. We designed a novel MHC class II molecule-peptide mi-
croarray binding assay and evaluated 346 peptides from already identified human immunodeficiency virus
(HIV) epitopes and an additional set (n � 206) of 20-mer peptides, overlapping by 15 amino acid residues, from
HIV type 1B (HIV-1B) gp160 and Nef as a paradigm. Peptides were attached via the N-terminal part to a linker
that covalently binds to the epoxy glass slide. The 552 peptides were printed in triplicate on a single peptide
microarray chip and tested for stable formation of MHC class II molecule-peptide complexes using recombi-
nant soluble DRB1*0101(DR1), DRB1*1501(DR2), and DRB1*0401(DR4) molecules. Cluster analysis re-
vealed unique patterns of peptide binding to all three, two, or a single MHC class II molecule. MHC class II
binding peptides reside within previously described immunogenic regions of HIV gp160 and Nef, yet we could
also identify new MHC class II binding peptides from gp160 and Nef. Peptide microarray chips allow the
comprehensive and simultaneous screening of a high number of candidate peptide epitopes for MHC class II
binding, guided by subsequent quality data extraction and binding pattern cluster analysis.

Major histocompatibility complex (MHC) class II alleles,
cell surface glycoproteins with a high degree of allelic poly-
morphism (8), are constitutively expressed on professional an-
tigen-presenting cells. The peptide repertoire presented by
MHC class II molecules to CD4� T cells is edited by intracel-
lular, nonclassical MHC molecules, i.e., HLA-DM and –DO
(43). MHC class II alleles exhibit four major pockets (13) to
accommodate and present a broad peptide repertoire to CD4�

T cells: the same peptide can be presented by different MHC
class II alleles due to highly degenerate peptide binding motifs
(12, 16, 29, 36). CD4� T cells play a crucial role in the adaptive
immune response: they provide help to B cells and CD8� T
cells and they also display immune effector functions (37, 41).

Different individuals exhibit different immune responses to
the same pathogen (4), in part due to the “genetic makeup,”
including the MHC class II allelic composition in the individ-
ual. Some MHC class II alleles have been associated with
“better” immune responses to infectious pathogens (1, 24),
while other MHC class II alleles show differential effects: an
enhanced or decreased risk of diseases, based on the nature of
the antigen and on the T-cell repertoire capable of reacting to
a distinct set of peptides. For instance, the MHC class II

molecule DQ*0602 is strongly associated with susceptibility to
narcolepsy, yet it protects against type 1 diabetes (35).

Only a fraction of a candidate protein may give rise to
antigen-specific immune reactivity (3). Definition of the nature
and composition of peptides binding to MHC class II mole-
cules is crucial for T-cell-based vaccine design and for the
subsequent gauging of the “vaccine take”: proteins which pro-
vide epitopes leading to strong CD4� T-cell responses may be
advantageous. Rational design of vaccines considers genetic
diversity, including the MHC class II alleles of the target pop-
ulations, to ensure wide population coverage (9, 17). It would
therefore be helpful to determine the following: (i) which set of
peptides from a molecularly defined pathogen is able to bind to
different MHC class II alleles, (ii) if subtle differences in the
MHC class II molecules have an impact on the peptide reper-
toire selection, and vice versa, (iii) if variations within the
candidate peptide have an impact on binding to individual
MHC class II alleles. A number of assays are currently avail-
able to assess peptide binding to MHC class II alleles. These
include computer-based algorithms (5, 20, 27, 40, 47), func-
tional assays (enzyme-linked immunospot and intracellular cy-
tokine staining), mass spectrometric sequencing of peptides
eluted from purified HLA alleles (6, 7, 42), and peptide bind-
ing assays (12, 25, 34).

The advent of peptide microarray technology now offers a
unique platform for studying the full spectrum of peptide at-
tributes in a massively parallel, miniaturized, and automated
fashion (23, 31). Using peptide microarrays to explore peptide
binding to soluble, recombinant MHC class II molecules rep-
resents a departure from traditional one-peptide-at-a-time as-
says. It allows the simultaneous evaluation of the binding be-
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havior of thousands of peptides for soluble MHC class II
molecules, which would require considerable investments of
time and patient material if more traditional approaches were
implemented. We report here, as a paradigm, the use of a
peptide microarray chip to determine the binding of soluble
MHC class II molecules to immobilized candidate peptides
from human immunodeficiency virus type 1B (HIV-1B). The
MHC class II binding groove, unlike that of MHC class I
molecules, is open at both ends and thus allows spatial inter-
action with test peptides linked to a scaffold (32, 33, 38).

DRB1*0101(DR1), DRB1*1501(DR2), and DRB1*0401(DR4)
represent the most frequently reported MHC class II alleles (22):
DR1 (15.4%), DR2 (32.9%), and DR4 (20.9%) are the alleles most
frequently defined for Caucasians (45) by high-resolution typing.
Low-resolution MHC class II typing data from Botswana (24)
showed that HLA DRB1*01, DRB1*02, and DRB1*04 exhibit pop-
ulation frequencies of 21.7%, 21.3%, and 14.4%, respectively. The
association of individual MHC alleles with protection from certain
viral infections (21) suggests that “protective alleles” bind more and
“better” antigenic peptides than other alleles. The number of candi-
date peptides cannot be deduced based on allele frequencies; these
can only be experimentally determined, since peptide binding reflects
the structural constraints of the MHC class II binding molecule
(1, 35).

MATERIALS AND METHODS

HIV-1 peptides. Two groups of HIV-1 peptides were printed on peptide
microarray slides. One set consisted of 206 20-mer peptides overlapping by 15
amino acids and was generated from the HIV-1B consensus sequences of the
gp160 and Nef proteins. The second set consisted of 346 CD4� T-cell epitopes
listed in the Los Alamos HIV Immunology database (http://www.hiv.lanl.gov
/content/immunology/index.html) at the end of November 2006.

Peptide microarray printing. Amino-oxy-acetylated peptides were synthesized
on cellulose membranes in a parallel manner using SPOT synthesis technology
(11, 30). Following side-chain deprotection, the solid-phase bound peptides were
transferred into 96-well microtiter filtration plates (Millipore, Bedford, MA) and
treated with 200 �l of aqueous triethylamine (0.5% by volume) in order to cleave
the peptides from the cellulose support. The peptide-containing triethylamine
solution was filtered off, and the solvent was removed by evaporation under
reduced pressure. The resulting peptide derivatives (50 nmol) were redissolved
in 25 �l of printing solution (70% dimethyl sulfoxide, 25% 0.2 M sodium acetate
[pH 4.5], 5% glycerol [by volume]) and transferred into 384-well microtiter
plates. Two droplets of 0.5 nl peptide solution (1 mM) was deposited per spot on
epoxy-functionalized glass slides (Corning epoxy no. 40042) using the noncontact
printer Nano Plotter of GeSiM (Großerkmannsdorf, Germany) equipped with a
piezoelectric NanoTip (GeSiM, Großerkmannsdorf, Germany). The peptides
were attached to the glass slide via the N-terminal end, which was attached to a
linker that covalently binds to the epoxy glass slide. The peptides and control
spots (i.e., empty spots) were printed on positions in each identical subarray, i.e.,
each peptide microarray slide provided three repeats, and there were three slides
prepared for each of the HLA-DR molecules, resulting in nine repeats for each
individual peptide species. Printed peptide microarrays were kept at room tem-
perature for 5 h, washed with deionized water, quenched for 1 h with 0.1 mg/ml
bovine serum albumin in 75 mM SSC buffer (pH 7.0) (1� SSC is 0.15 M NaCl
plus 0.015 M sodium citrate) containing 0.1% sodium dodecyl sulfate and 750
mM NaCl at 42°C, washed extensively with 1.5 mM SSC buffer (pH 7.0) followed
by five washing steps with water, and dried using a chip centrifuge. Peptide
microarrays were then stored at 4°C.

Soluble HLA class II alleles. Soluble MHC class II molecules, HLA
DRB1*0101(DR1), DRB1*1501(DR2), and DRB1*0401(DR4), were used as
probes to gauge binding to individual peptide species. Three HLA-DR alleles,
HLA DRB1*0101(DR1), DRB1*1501(DR2), and DRB1*0401(DR4), were sup-
plied by Beckman Coulter as described in detail previously (28).

Sample processing. HLA-DR monomers were diluted to a working concen-
tration of 1 �g/ml using a binding buffer (phosphate [36 mM], citrate [14.4 mM],
bovine serum albumin [0.15%], octyl beta-D-glucopyranoside [0.25%], NaN3

[0.02%], with a pH of 5.5). After the surface of the slide was ensured to be clean

and dry, the incubation area was circumscribed using a hydrophobic pen (Dako-
Cytomation, Denmark). The diluted HLA-DR monomer was spread evenly
across the entire slide, which was covered with a coverslip and incubated for 48 h
at 37°C in a humid chamber. After the first incubation step, the coverslip was
removed and the slide was placed in a box with a slide holder (VWR Interna-
tional) and washed three times for 5 min each, two times with washing solution
(phosphate-buffered saline [PBS] plus Tween 80 [0.05%]), and once with PBS.
The washing procedure was performed on a shaker. Without allowing the slide
to dry, 300 �l of monoclonal secondary antibody, Cy5-labeled monoclonal anti-
body (MAb) L243 (Beckman Coulter), diluted to 5 �g/ml in PBS, was pipetted
onto the slide, which was then covered with a coverslip and incubated for 1 h at
room temperature in a humid chamber, followed by the three washing steps
listed above. The slide was then spun dry for 10 s using a slide spinner (Euro
Tech, United Kingdom). The optimal incubation time, temperature, and dilution
for HLA-DR monomers and for the secondary antibody were determined prior
to testing. Negative controls included the following: (i) scanning of the slide
without any reagent (blank) and (ii) preparation of slides with only reagent buffer
and the secondary antibody (MAb L243; see above) used for detection. Two
slides were incubated with buffer and secondary antibody only, and three slides
were incubated with each of the three different HLA-DR alleles. Titration of the
ligand (peptide) or the HLA-DR molecule would aid in determining HLA-DR–
peptide affinity, yet the peptide concentration is fixed (approximately 10,000
individual peptide species/spot); this can be altered only with technical chal-
lenges (10,000 binding sites have to be occupied per spot; variation of the
numbers of peptides per spot could be achieved by mixing the target peptide with
an irrelevant control peptide, with the risk of unspecific interaction with the
respective HLA-DR molecule used for testing). Alternate incubation times
would provide information concerning the off rate, yet this would be different for
each peptide species.

Data acquisition. (i) Scanning and analysis. Each slide was scanned with the
GenPix 4000B microarray scanner (Axon Instruments) at two wavelengths,
532 and 635 nm, and images were saved in the TIFF and JPG formats (Fig. 1).
Image analysis was performed utilizing the circular feature alignment of the
GenePix Pro 5.1 software program and the Genepix Array List files supplied by
JPT (Berlin, Germany). Spots with a nonuniform foreground or background
signal were flagged if they satisfied the following criteria: F635 mean � (1.5 �
F635 median) and F635 median � 40 or B635 mean � (1.5 � B635 median) and
B635 median � 40.

These and other flags assigned by GenePix resulted in four types of spots:
“good” or “nonflagged” spots (labeled “0”), “bad” or “flagged” spots (labeled
“�100”), not-found spots (labeled “�50”), and empty spots (labeled “�75”).
The image from each subarray was saved as a GPR (GenePix result) file, and the
median foreground and background intensities for the 635-nm wavelength from
individual peptide spots were used in the analysis of the responses. All GPR files
were saved in a common folder and imported into the R/BioConductor software
package using the read.GenePix function from the marray R/bioconductor
package.

To examine the quality of the acquired data, we examined the distribution of
the flags (listed above). We performed this quality-control exercise for each of
the four groups of slides: (i) slides incubated with buffer only, (ii) HLA-
DRB1*0101 slides, (iii) HLA-DRB1*1501 slides, and (iv) HLA-DRB1*0401
slides, both overall and stratified by the type of feature (control or peptide spots).
Visual inspection of the images from the individual subarrays was carried out,
using the Image function in Bioconductor, in order to evaluate questionable
responses that should be excluded from the analysis. For a measure of the
strength of the response, we chose the ratio of median foreground to background
(on a log scale). This response index was computed for all spots with a back-
ground greater than zero, and any spots with zero background were excluded.
The data for each of the four groups of slides were arranged in a large matrix,
with columns identifying slide, subarray, and block, and all the analyses described
below used these master data sets.

(ii) Data reduction. Using the distribution of the negative controls to define a
cutoff for a “detectable” response, we removed the spots with no detectable
response on any slide. The method used to define the cutoff has been described
previously (23) and involves three steps: the elimination of extreme outliers,
normalization of the responses on all slides in a group using a simple linear
model, and computation of the threshold from the mean and standard deviation
of the normalized responses as t � mean � 3 standard deviations. In addition to
excluding any spots that had nondetectable responses on all slides, we also
excluded the “not-found” spots with high intensity, since these were presumably
flagged for problems other than a low “not-found” signal.

(iii) False-positive events. Any peptide with a high response on slides incu-
bated only with buffer and the Cy5-labeled MAb L243 was considered false
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positive (Fig. 2) and discarded for analysis. After normalizing all valid (i.e.,
unflagged) peptide responses on the buffer slides using the same linear model as
for the negative controls, the cutoff was determined for the definition of a
false-positive event (Fig. 3).

(iv) Analysis of peptide responses. For each group of HLA-DR incubated
slides, we used the thresholds defined above to exclude from analysis any peptide
that had no detectable response on any slide or had a false-positive response in
at least 10% of replicates. The remaining peptide responses were normalized
using a linear model to remove artifacts due to slide, subarray, and block: the
model was fit using the biglm R software package to accommodate the much
larger dimension of the problem, and we estimated the peptide effects as the
differences between the observed responses and the responses predicted by the
model (i.e., the residuals). Since the systematic effects of slide, subarray, and
block were removed, we refer to these as the “normalized responses.” For any
peptides that were replicated, the normalized values were averaged. Thus, the
preprocessed data consist of a list of unique peptides with their normalized
values for each slide.

CD4� T-cell peptide-specific T-cell expansion. Peripheral blood mononuclear
cells (PBMCs) from HLA class II typed healthy blood donors were cultured in
50% Dulbecco’s modified Eagle medium (high glucose) and 50% adoptive im-
munotherapy (AIM-V) medium supplemented with 1% human serum. Five
million cells were added to each well in a 48-well plate, and 1 �g of peptide was

added to test wells. On day 3, 10 ng/ml of interleukin 7 (IL-7) and 10 IU/ml of
IL-2 were added to PBMC cultures. On day 14 and again on day 21, cells were
restimulated with PBMCs which had been radiated with 5,000 rad after being
pulsed with 1 �g of the stimulating peptide for 2 h at 24°C in AIM-V medium.
After peptide stimulation on day 21, cells rested for 6 days and were then assayed
for peptide-specific responses by intracellular cytokine staining, i.e., tumor ne-
crosis factor alpha (TNF-�), gamma interferon (IFN-�), and IL-2 on a single-cell
level as described previously (18). One million events were acquired, and results
are reported as absolute numbers of cytokine-producing cells/105 CD4� T cells.
Control PBMCs were cultured as well in medium and cytokines without peptide
stimulation.

RESULTS

Visualizing binding of soluble HLA-DR molecules to immo-
bilized peptides. Two groups of HIV-1 peptides were printed
in triplicate on microarray glass slides. One set consisted of
20-mer peptides overlapping by 15 amino acids generated

FIG. 1. Representative example of MHC class II molecule-peptide formation. Binding of the MHC class II molecule to peptides is visualized
using a Cy5 fluorochrome-conjugated anti-human HLA-DR antibody. CD4� HIV T-cell epitopes, listed in the HIV Los Alamos database, form
a complex with the DRB1*101 molecule. The peptide species share a potential MHC class II binding motive (FEPIPIHYC) (http://www.hiv.lanl
.gov/content/immunology/index.html) (19, 46).

FIG. 2. Strategy to remove false-positive results. A quartile-quar-
tile plot of theoretical quantiles versus sample quantiles for peptide
microarray slides incubated with buffer and the secondary MAb (L243)
detecting HLA-DR molecules.

FIG. 3. Definition of the cutoff in MHC class II molecule-peptide
binding experiments. Correlation of the peptide response index and
the peptide foreground fluorescence intensity. A representative exam-
ple for the DRB1*0101 molecule.
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from the gp160 and Nef HIV-1B consensus sequences, re-
sulting in 167 peptides for gp160 and 39 peptides for HIV
Nef. The other group of 346 peptides has been listed as
CD4� T-cell epitopes of various lengths in the Los Alamos
database. There was a clear distinction between the forma-
tion of a peptide–HLA-DR allele complex and peptides to
which the soluble MHC class II molecules did not bind.
Figure 1 shows a representative picture of a scanned peptide
microarray image overlaid with the Genepix Array List file
to identify candidate peptide species interacting with soluble
MHC class II molecules at each spot. The four peptides
depicted in Fig. 3 form complexes with DRB1*0101(DR1),
DRB1*1501(DR2), and DRB1*0401(DR4) and show a com-
mon peptide core (FEPIPIHYC).

Criteria for determining the formation of HLA-DR peptide
complexes. We identified 208/552 peptides binding to DRB1*0101,
163/552 peptides binding to DRB1*1501(DR2), and 162/552
peptides binding to DRB1*0401(DR4) (summarized in Tables
S1 and S2 in the supplemental material). These peptides had
to have at least one replicate with an index response above the
cutoff defining a detectable response. From these peptides, we
chose to focus on those that had an index response above
the cutoff in at least 40% of the replicates. Since each peptide
was printed three times on the chip and we repeated the
experiments three times, we obtained nine data sets for each
individual peptide species. After removal of false-positive
events (Fig. 2), i.e., binding of the secondary reagent to peptide
species (see Materials and Methods for details), we analyzed
the complex formation of the soluble MHC class II molecules
for each candidate peptide printed on the chip. There was a
good correlation between the peptide response index and the
percentage of replicates above the cutoff. Using this criterion,

we found 78/552 peptides interacting with DRB1*0101(DR1),
91/552 peptides interacting with DRB1*1501(DR2), and 101/
552 peptides interacting with DRB1*0401(DR4).

Clustering of HIV peptides by HLA-DR binding. In order to
identify clusters of peptides (i.e., using both peptide groups,
the CD4� T-cell epitopes listed in the Los Alamos database
and the gp160 and Nef proteins as overlapping peptide
stretches) that show differential binding to soluble HLA-DR
alleles, a Pearson centered hierarchical clustering analysis was
carried out using the software program Acuity (2), using the
average of the normalized response indexes on three slides
(repeats). Figure 4 shows that the clusters of individual HLA-
DR–peptide complexes were unique for each MHC class II
allele. There were peptides that bound strongly to all three
HLA-DR alleles and peptides which formed complexes with
only one or two of the MHC class II alleles.

Complex formation by described CD4� T-cell epitopes with
HLA-DR molecules. Of the 306 peptides from the HIV immu-
nology database that were printed on the microarray chip, 73
showed interaction with soluble HLA-DR alleles (see Table S1
in the supplemental material). The exact MHC class II-restrict-
ing molecule for the majority of the published HIV-1 CD4�

T-cell epitopes has not yet been defined (they have been re-
ported as “DR restricted” or simply as “CD4 epitope”), and it
is therefore not surprising that some of the epitopes did not
form a complex with the HLA-DR molecules employed in the
current assay.

Complex formation by HIV-1B gp160 and Nef peptides with
HLA-DR molecules. Table S2 in the supplemental material
lists 20-mer peptides, generated in a systematic way as over-
lapping peptides from the HIV-1B consensus gp160 and Nef
sequences, that showed complex formation with any of the

FIG. 4. MHC class II molecule-peptide binding pattern. A Pearson centered hierarchical clustering analysis of HIV peptides (n � 206) derived
as overlapping peptides from HIV gp160 or Nef and 346 peptides listed as CD4� T-cell epitopes in the Los Alamos database using the software
program Acuity. Note the cluster of the MHC class II molecule-peptide binding pattern in association with the respective HLA-DR molecules.
Each experiment was repeated three times. The index values, which represent a measure of the signal intensity, are similar for slides incubated
with the same MHC class II monomer; minor differences are attributable to experimental variations.
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HLA-DR alleles tested in the current report. Thirty-two of 167
peptides from gp160 formed complexes with DRB1*0101, 34/
167 with DRB1*1501, and 38/167 with DRB1*0401; 10/39 pep-
tides from Nef formed complexes with DRB1*0101, 8/39 with
DRB1*1501, and 6/39 with DRB1*0401, respectively. The
comparison of these peptides to the CD4� T-cell epitopes
listed in the Los Alamos HIV-1 Immunology database indi-
cates a good overlap of the protein regions which provide
immunogenic peptide epitopes (see Table S2 in the supple-
mental material). In a parallel approach, we selected overlap-
ping peptides from HIV-1 gp160 and Nef and evaluated MHC
class II complex formation; Fig. 5 shows the compilation of
HLA-DR binding epitopes for HIV Nef and Fig. 6 the
HLA-DR binding patterns for HIV gp160 as a paradigm. The
newly identified peptides reside within already described im-
munodominant regions of the HIV proteins, which further
lends support to our approach (Fig. 5 and 6). Although the
MHC class II molecule-peptide binding was reproducible, we
lacked information on whether HLA-DR binding peptides
would indeed be able to expand peptide-specific CD4� T cells.
We therefore used some of the identified MHC class II binding
peptides to expand CD4� T cells in vitro defined by the pro-
duction of IFN-�, TNF-�, and IL-2 (Fig. 7).

DISCUSSION

We describe here, to our knowledge for the first time, an
MHC class II binding assay implementing a peptide microarray
and recombinant synthetic soluble MHC class II molecules,
using HIV-derived peptides as a paradigm. Already described

CD4� T-cell epitopes were printed on the chip to act as pos-
itive controls, and 73/306 peptides formed detectable MHC
class II complexes. Of note, the peptides listed in the Los
Alamos database show various lengths and have been selected
based on different criteria, particularly functional T-cell assays;
most of the epitopes have been listed as “CD4� T-cell epitope”
or “DR-restricted.” Of the 346 peptides listed as CD4� T-cell
epitopes in the Los Alamos HIV Immunology database, only
280 were defined for humans. Other peptides were identified in
different species, e.g., mice, chimpanzees, and macaques. Out
of these 280, only 70 have been mapped to a specific MHC
class II allele or an allele group. It could very well be that
specific MHC class II alleles were not covered in the current
experiments due to failure to employ the correct MHC class II
alleles for binding.

The limitations of the assay described may be the following:
(i) structural constraints imposed by the immobilization of
peptide on the glass slide via the N-terminal end, possibly
precluding spatial interaction with soluble MHC class II mol-
ecules; (ii) the current 20-mer peptides may not represent the
optimal length facilitating binding to a specific MHC class II
allele; or (iii) glycopeptides cannot currently be evaluated for
MHC class II interaction (7).

A number of assays to identify peptides binding to MHC
class II molecules (5, 20, 27, 40, 47) have been described, but
only a very limited number of peptides could be tested simul-
taneously. This makes it difficult to comprehensively screen an
entire proteome from a pathogen or a comprehensive library
from target epitopes in cancer or autoimmune diseases. A

FIG. 5. HLA-DR epitopes on HIV Nef. Compilation of the DRB1*0101, DRB1*1501, and DRB1*0401 interactions with HIV-1B Nef defined
by the peptide array platform. Areas with CD4� T-cell epitopes that have been listed in the Los Alamos HIV database are highlighted in orange.
All HLA-DR binding epitopes have been described except an epitope in position 130 to 150 (�).

FIG. 6. HLA-DR epitopes on HIV gp160. Compilation of the DRB1*0101, DRB1*1501, and DRB1*0401 interactions with HIV-1B gp160
defined by the peptide array platform.
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number of reports addressed a multidimensional approach to
enhance prediction of MHC class II molecule-peptide interac-
tions (26, 44). If T-cell-based assays are employed, it is not only
the turnaround time that is limited but also the availability of
biological material. Computational predictions of MHC class
II binding peptides offer the advantage of a short turnaround
time (44), yet it may be challenging to rely solely on compu-
tational analysis without selected biological readouts (14). This
demand has been addressed by Stone and coworkers, who
developed an MHC class II-peptide array supplemented with
costimulatory molecules to identify MHC class II-restricted
epitopes defined by functional T-cell responses (39). This assay
requires peptides that are known to bind to certain MHC class
II molecules. Peptides identified in the current assay were
linked to biological activity: some peptides, previously shown
to be functional HIV-specific CD4� T-cell epitopes (10, 15,
39), showed good binding to soluble MHC class II molecules
employed in the current assay (see Table S1 in the supplemen-
tal material), and newly identified MHC class II-binding pep-
tide epitopes resided in “immunogenic regions” of HIV-1B
Nef (see Fig. 5) or gp160 and showed the capacity to expand
MHC class II-restricted and peptide-specific CD4� T cells
defined by cytokine production.

The assay described in the current report offers the unique
advantage of screening thousands of peptides within a single
experiment using high-density peptide spotting using SPOT
synthesis technology (11, 30). This enables the printing of en-

tire viral proteomes as linear peptide stretches (our unpub-
lished data) on glass slides. In addition, the orientation of the
candidate peptide is defined and can also be used for a more
detailed structural analysis of MHC class II molecule-peptide
interactions: the crystal structure of MHC class II molecules
shows that the peptide binding groove is open at both ends (32,
33, 38), which enables complex formation with peptides immo-
bilized on the glass scaffold.

In conclusion, we developed a robust assay using a peptide
microarray and recombinant soluble MHC class II molecules
to identify HIV-1 peptides which form complexes with differ-
ent HLA-DR alleles. The assay can be implemented to screen
for MHC class II binding of peptide libraries with a short
turnaround time and may also be used to probe for differences
in MHC class II molecule-peptide complex formation associ-
ated with variant peptides or with differences in MHC class II
alleles. Peptide microarrays, such as those described in the
current report, will help to speed up the process of CD4�

T-cell epitope identification and advance efforts targeting a
rational platform for vaccine design and immunomonitoring.
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FIG. 7. MHC class II-restricted expansion of peptide-specific CD4� T cells. PBMCs from HIV-negative and MHC class II-genotyped blood
donors were stimulated with the following peptides: for donors 1 to 3, peptides SLYVTVATLYCVHQRIEV and FRKQNPDIVIYQYMDDL
YVG, representing HIV Gag (amino acids 77 to 94) and HIV reverse transcriptase (amino acids 171 to 190), respectively (peptides 1 and 2 [P1
and P2]). PBMCs from donor 4 were stimulated with ALFYKLDVVPINDNTSYRL from HIV gp160 (amino acids 174 to 193) and EKLWVT
VYYGVPVWKEATTT from HIV gp160 (amino acids 32 to 51) (peptides 3 and 4 [P3 and P4]). After three rounds of peptide stimulation, PBMCs
were tested for peptide-specific reactivity defined by intracellular production of TNF-�, IFN-�, and IL-2 in intracellular cytokine staining. Phorbol
myristate acetate/ionomycin served as the positive control; negative controls included the incubation in medium or stimulation with an irrelevant
HIV peptide which was not used for stimulation (EKLWVTVYYGVPVWKEATTT for donors 1 to 3 and peptide FRKQNPDIVIYQYMDD
LYVG for donor 4). Results are reported as absolute numbers of cytokine-producing cells/105 CD4� T cells.
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