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Among the many host cell-derived proteins found in human immunodeficiency virus type 1 (HIV-1), HLA
class II (HLA-II) appears to be selectively incorporated onto virions and may contribute to mechanisms of
indirect imunopathogenesis in HIV infection and AIDS. However, the amount of HLA-II on the surface of
HIV-1 particles has not been reliably determined due to contamination of virus preparations by microvesicles
containing host cell proteins, including HLA-II. Even rigorous sucrose density centrifugation is unable to
completely separate HIV-1 from microvesicles. CD45, a leukocyte integral membrane protein, is found on
microvesicles, yet appears to be excluded from HIV-1 particles. Exploiting this observation, we have developed
a CD45-based immunoaffinity depletion method for removing CD45-containing microvesicles that yields highly
purified preparations of virions. Examination of CD45-depleted HIV-1MN by high-pressure liquid chromatog-
raphy, protein sequencing, and amino acid analyses determined a molar ratio of HLA-II to Gag of 0.04 to 0.05
in the purified virions, corresponding to an estimated average of 50 to 63 native HLA-II complexes (i.e., a dimer
of � and � heterodimers) per virion. These values are approximately 5- to 10-fold lower than those previously
determined for other virion preparations that contained microvesicles. Our observations demonstrate the
utility of CD45 immunoaffinity-based approaches for producing highly purified retrovirus preparations for
applications that would benefit from the use of virus that is essentially free of microvesicles.

Human immunodeficiency virus type 1 (HIV-1) and other
retroviruses incorporate a variety of cellular proteins in the
process of assembly and budding (reviewed in reference 26).
Some of these proteins appear to play important roles in virus
biology. HLA class II (HLA-II) is the most commonly ob-
served and, perhaps, the most abundant protein found on the
surface of HIV-1 produced from HLA-II� cells (reviewed in
references 25 and 41). While the mechanism for HLA-II in-
corporation remains unknown, experiments with site-directed
HIV-1 mutants in lymphoid cells demonstrated that efficient
HLA-II incorporation onto HIV-1 required the packaging of
Env, suggesting an active mechanism for incorporation (32).
Similarly, the finding that the DR isoform of HLA-II was
preferentially incorporated over the DP and DQ forms, re-
gardless of abundance, indicates specificity in this process (2, 8,
15, 37). The reason for this is not clear, though HIV-1 could
specifically incorporate HLA-II to use for its advantage. For
instance, the presence of HLA-II on HIV-1 can provide for
modest increases in virion infectivity (7).

Among the more intriguing proposed roles for HLA-II on
the surface of HIV-1 is its potential contribution to indirect
immunopathogenesis by suppressing antiviral immune re-
sponses, thereby facilitating viral persistence and spread (2). If
HLA-II on virions could functionally bind the T-cell receptor

on CD4� T cells in conjunction with HIV-1 surface glycopro-
tein (Env)-CD4 binding, then these interactions could mimic
part of the normal stimulation signal sent between antigen-
presenting cells and T cells. However, HIV-1 does not incor-
porate CD80 (12), a protein that, upon binding CD28 on the T
cell, can provide a second costimulatory signal required for
effective T-cell stimulation (18). Receptor engagement in the
absence of costimulation can result in T-cell anergy (a loss of
antigen responsiveness) or apoptosis (programmed cell death).
Therefore, it is possible that HLA-II on the surface of virions
could send just its single signal that downregulates T-cell func-
tion, causing immunodeficiency without T-cell infection (2).
This mechanism is consistent with the observation that, in
infected individuals, most apoptotic death occurs in cells that
are not productively infected, i.e., bystanders (13). Supporting
this hypothesis, virus-associated HLA-II can present superan-
tigen to T cells, indicating that HLA-II on the virion surface
retains its functional activity (35). In addition, we found that
chemically inactivated, noninfectious HIV-1 containing con-
formationally and functionally intact Env and HLA-II protein
complexes caused apoptosis in T cells, while similar virions
without HLA-II did not (11). Interestingly, microvesicles,
which contain HLA-II but not Env, did not produce this effect,
indicating a role for the CD4-Env interaction in this process.
Together, these results support a role for HLA-II on HIV-1 as
a potential contributor to virus-mediated immunodeficiency.

Despite the potential importance of HLA-II on virions, the
amount of this protein complex present on HIV-1 has not been
determined. The primary impediment to quantitating the
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amount of a particular cellular surface protein on the virion is
the presence of contaminating protein-laden particles, mostly
microvesicles, in virus preparations. While these microvesicles
are heterogeneous, a significant fraction have the same density
as virus, and thus are present even in highly purified, sucrose
density gradient-banded virus preparations from lymphoid
cells (4, 15). Moreover, the array of cellular proteins in mi-
crovesicles closely matches that found in virus preparations,
making it difficult to distinguish cellular proteins in the virions
from those in copurifying microvesicles. For the study of pro-
teins inside the retroviruses, these particles can be removed by
using a subtilisin digestion procedure, which removes both
exterior and microvesicle-associated proteins (27). However,
since digestion removes surface proteins from virions, it is not
a suitable method to study these types of proteins (28). While
microvesicles and virions have similar cellular protein compo-
sitions, the incorporation of host plasma membrane proteins
into virions appears to have some specificity as some proteins
appear to be excluded from the virion (reviewed in reference
26).

CD45, an integral membrane protein also known as leuko-
cyte common antigen, is present in microvesicles, yet does not
appear to be incorporated into virions (12, 24), possibly being
excluded by its large cytoplasmic tail. Based on this finding, we
developed an immunoaffinity depletion procedure to remove
CD45-containing particles and tested whether it could be an
effective approach for removing microvesicles from virus prep-
arations. Using anti-CD45 immunomagnetic microbeads to
capture microvesicles, we were able to effectively remove mi-
crovesicle-associated proteins from samples, allowing for the
biochemical quantitation of HLA-II on the remaining highly
purified HIV-1 virions.

MATERIALS AND METHODS

Virus and microvesicle preparations. HIV-1MN was produced from the cell
lines CEM-SS (23) and CEMx174 T1 (36) and Clone 4, a clonal line derived from
HIV-1MN-infected H9 cells that constitutively expresses virus (30). HIV-1IIIB

(33) was produced from either H9 or primary peripheral blood mononuclear
cells (PBMC) that were stimulated by a 48-h treatment with a 1:200 vol/vol
dilution of phytohemagglutinin-M (Invitrogen, Carlsbad, Calif.) and subsequent
maintenance in 20 U per ml of interleukin-2. Donor PBMC were obtained from
a healthy HIV-1-seronegative donor under an NIH institutional review board-
approved protocol. Simian immunodeficiency virus SIVMAC239/251 (14) and
SIVMAC239 G4,5 (34) were propagated on CEMx174 T1 cells, and SIVCP-MAC

(21) was propagated in Sup-T1 cells (38). Virus was purified by sucrose density
ultracentrifugation as previously described (5). Microvesicles were similarly pu-
rified from the supernatants of uninfected H9, HuT78, CEM-SS, and CEMx174
T1 cells as previously described (4) (AIDS Vaccine Program, NCI at Frederick,
Frederick, Md.).

CD45 affinity depletion. Before use, anti-CD45-conjugated paramagnetic mi-
crobeads (Miltenyi Biotech, Auburn, Calif.) were bound to an LD column mag-
netized by a VarioMACS magnet (Miltenyi Biotech) and washed three times
with cold TNE buffer (10 mM Tris-Cl [pH 7.5], 100 mM NaCl, and 1 mM
EDTA). Microbeads were removed from the demagnetized column by plunging
and resuspended in the same volume as initially supplied by the manufacturer.
After optimizing the ratio of anti-CD45 microbeads to total protein, the follow-
ing conditions were used. Virus and microvesicle preparations were incubated
with 2 �l of prewashed microbeads per 1 �g of total protein for 1 h on ice. The
sample-microbead mixture was then applied to a washed (two times with TNE)
and magnetized MS or LD column (Miltenyi Biotech). The void volume and two
washes with TNE (0.5 ml for MS columns and 2 ml for LD columns) were
collected and combined to produce the flowthrough fraction and the next three
additional wash volumes were also combined to produce the wash fraction. The
column was then removed from the magnet and plunged with TNE buffer (1.5 ml
for MS columns and 6 ml for LD columns) to recover the protein retained on the

beads as the bead fraction. These fractions, as well as an equal aliquot of the
untreated preparation (starting material) were pelleted at 50,000 � g for 1 h at
4°C in either a TLA100.1 rotor using a TL-100 centrifuge (Beckman Instruments,
Palo Alto, Calif.) for the MS column or a SW41Ti rotor for the LD column and
resuspended in 200 �l of TNE buffer.

Infectivity of CD45-depleted preparations. One milliliter of clarified superna-
tant containing H9 T cells acutely infected with HIVNL4-3 (1) were mixed with 50
�l of anti-CD45 or anti-CD34 beads (Miltenyi Biotech), incubated at room
temperature for 1 h, and then captured by a magnet held externally to the tube
containing the sample. The supernatant was then removed and, along with an
untreated control, titers were determined for infectivity in a single-round lacz-
Tat transcomplementation reporter assay, using a HeLa-CD4 containing a long
terminal repeat-promoted lacZ gene, and assayed for reverse transcriptase as
previously described (17). This depletion procedure does not suffer the extensive
loss of the column method and was as effective as the column procedure for
removing CD45 from preparations (data not shown).

OptiPrep and sucrose gradients. Step gradients were formed with either 12,
16, 20, or 24% OptiPrep (Accurate) or 20, 30, 40, 50, or 60% sucrose (Sigma) in
phosphate-buffered saline (PBS) (wt/vol) by successive layering of density solu-
tions in 1-ml fractions in an SW65.1Ti tube (Beckman Instruments). Samples
were loaded onto the gradients in PBS and centrifuged at 220,000 � g for 1 h at
4°C. Fractions were removed by pipette and analyzed. The OptiPrep concentra-
tions used here were somewhat higher than previously reported (10), as those
conditions were insufficient to buoy virus or microvesicles in our experiments.

Protein analysis. For viral protein immunoassays, samples were lysed in 1%
Triton X-100 (Sigma, St. Louis, Mo.) for 1 h at 37°C, diluted, and assayed in
duplicate with either HIV-1 p24CA or SIV p27CA antigen capture enzyme-linked
immunoassay kits according to manufacturer’s recommendations (AIDS Vaccine
Program). Protein concentrations in samples were determined by the DC Protein
Assay (Bio-Rad, Hercules, Calif.) after lysis with 0.4% (vol/vol) Sarkosyl in TNE
or by amino acid analysis using a Hitachi L-8800 amino acid analyzer (Palo Alto,
Calif.) as previously described (20). Reversed-phase high pressure liquid chro-
matography (HPLC) was performed as previously described using a 2.1 by 100
mm Poros R2/H narrow-bore column (Boehringer Mannheim, GmbH, Ger-
many) (9), except for the analyses that separated HLA-II from actin. For the
specialized HLA-II separation, a gradient (vol/vol) of acetonitrile in water with
0.1% (vol/vol) trifluoracetic acid was used as follows: 10 to 36% for 7 min, 36 to
42.5% for 5 min, 42.5% to 46.5% for 14 min, 46.5 to 80% for 9 min, and 80% for
5 min at 55°C. Proteins were detected by UV absorption at 206 and 280 nm.
N-terminal protein sequence analysis was carried out with an Applied Biosystems
Procise model 494 microsequencer (Foster City, Calif.) as previously described
(19).

SDS-PAGE and immunoblot analyses. Proteins analyzed by sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) were visualized with a
silver-staining kit (Invitrogen) and used according to the manufacturer’s recom-
mendations. Immunoblotting onto Immobilon-P PVDF membranes (Millipore
Corporation, Bedford, Mass.) was carried out as previously described (20), using
enhanced chemiluminescence detection (Amersham Biosciences, Arlington
Heights, Ill.) on Lumi-Film (Roche Applied Sciences, Indianapolis, Ind.). Semi-
quantitative immunoblotting was carried out by comparing samples of CD45-
depleted material to a dilution series of untreated material. Only signals in the
linear response range of the film were compared for quantitation purposes.
Mouse monoclonal antibodies used were as follows: anti-CD45 (BD-Transduc-
tion Laboratories, San Diego, Calif.); anti-�-smooth muscle actin (Accurate,
Westbury, N.Y.); anti-�-actin (Sigma); and anti-panactin (which detects all iso-
forms of actin), (Amersham Biosciences). Antisera, including rabbit HLA-II�
(DJ-39528) and HLA-II� (DJ-38857) and goat CA (p24CA/p28CA) (no. 81;
001090) and p17MA (no.83; 000794) were produced by the AIDS Vaccine Pro-
gram, NCI-Frederick. Secondary sera used were horseradish peroxidase-conju-
gated antigoat and antirabbit antisera (Bio-Rad) and antimouse antiserum (In-
vitrogen). Reprobing of immunoblots was carried out by incubating the
membrane in stripping buffer (100 mM �-mercaptoethanol, 2% wt/vol SDS, 62.5
mM Tris-HCl [pH 6.7]) at either 50 or 60°C for 30 min with agitation, followed
by two 10-min washes in TBS (20 mM Tris-HCl [pH 7.6] and 137 mM NaCl) with
0.1% Tween-20 (Sigma). The filters were then blocked for 2 h and reacted with
immune reagents as described above.

Electron microscopy. Pelleted virions (containing 5 �g of CA) were stained
with uranyl acetate and lead citrate before thin-section transmission electron
microscopic analysis was done as previously described (16), using a Hitachi 7000
transmission electron microscope operated at 75 kV.
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RESULTS

CD45 affinity depletion of microvesicles. Since CD45 ap-
pears to be incorporated onto microvesicles and is apparently
excluded from HIV-1 virions, microvesicles should be removed
from virus preparations by a CD45 immunoaffinity approach.
However, a significant fraction of microvesicles might not con-
tain CD45 or might not have enough for anti-CD45-mediated
capture and thereby could remain in the virion preparation. To
determine the efficacy of using CD45 immunocapture to re-
move microvesicles, we incubated 50 �g of a microvesicle prep-
aration produced from CEMx174 T1 cells with anti-CD45-
conjugated paramagnetic microbeads. The mixture was then
passed through a magnetic column to remove the CD45-anti-
body complexes, and the flowthrough fraction was collected.
The beads retained on the column were washed (collected as
the wash fraction) before being released from the column
(collected as the bead fraction). To analyze the fate of the
microvesicles, equivalent amounts of each fraction (by volume)
and starting material were examined. CD45 immunoblot anal-
ysis of fraction samples showed that, although CD45 was
present in the starting material (Fig. 1A), only a slight CD45
signal was detected in the column flowthrough fraction, indi-
cating that the majority of the CD45 was removed. Based on
semiquantitative immunoblotting, we estimate that less than
2.5% of the CD45 initially present remains after this treatment
(data not shown). There was no detectable CD45 signal in the
wash fractions. While there was a detectable CD45 signal in
the bead sample, it was considerably weaker than that seen in
the equivalent amount of the starting material. Therefore,
some of the CD45 apparently was retained on the column,
either attached to beads that remained trapped after demag-
netization or simply nonspecifically bound to the inside surface
of the column.

The removal of microvesicles should also be reflected in the
removal of cellular proteins other than CD45. An immunoblot
using antibodies to both the � and � chains of HLA-II revealed
that this protein was effectively absent from the CD45-de-
pleted microvesicle preparation, likely due to the removal of
CD45�/HLA-II� microvesicles (Fig. 1A). Based on semiquan-
titative immunoblotting, we estimate that at least 95% of the
HLA-II associated with microvesicles was removed from the
flowthrough fraction (data not shown). These data indicate
that microvesicles that contain HLA-II also contain CD45.
Thus, CD45 depletion should remove microvesicle-associated
HLA-II from virion preparations. Immunoblotting for actin,
another major component of microvesicles, demonstrated that
this protein was also efficiently removed by CD45 depletion
(Fig. 1A). Colorimetric quantitation of the total protein in the
starting versus the flowthrough samples revealed that CD45
depletion removed 89% of the protein from microvesicle prep-
arations. Similar results were obtained with other microvesicle
preparations (data not shown). Therefore it appears that the
majority of microvesicles are removed by this procedure. Re-
moval of CD45 was dependent on the ratio of anti-CD45 beads
to microvesicles (Fig. 1B), demonstrating that the anti-CD45
beads were proportionally removing the microvesicles.

OptiPrep fails to efficiently resolve microvesicles from viri-
ons. The results above suggest that CD45 immunoaffinity de-
pletion is a promising approach for removing microvesicles

from virus preparations. In conjunction with our evaluations of
CD45 depletion methods, we also examined other methods for
separating microvesicles from virus. While sucrose density gra-
dient centrifugation is unable to efficiently separate these two
classes of particles (4, 15), the use of OptiPrep medium (io-
dixanol) for density separation has been reported to be able to
effectively remove microvesicles from virions (10). To evaluate
the ability of this approach to resolve microvesicles, prepara-
tions of HuT78 microvesicles or HIV-1IIIB from H9 cells were
centrifuged in sucrose or OptiPrep step density gradients.
Fractions from the gradients containing microvesicles were
analyzed by SDS-PAGE. The results revealed that the mi-
crovesicle proteins, especially actin, were present in the 30 to
50% sucrose fractions (Fig. 2A), as previously observed (ref-
erences 4 and 15 and unpublished data). For the OptiPrep
gradient, these same proteins were also found over a wide
range, being present in the 12 to 24% fractions. Thus, neither
sucrose nor OptiPrep gradients was able to resolve mi-

FIG. 1. Immunoblot analysis of CD45-depleted microvesicles pro-
duced from CEMx174 T1. (A) Analysis of fractions from CD45 de-
pletion of 50 �g (total protein) of microvesicles is shown. Samples are
identified above their respective lanes as follows: starting material, S;
flowthrough, F; wash, W; and bead, B. The antibody or antiserum used
for each blot is indicated at the right. (B) Analysis of the CD45 content
of starting (S) and flowthrough samples from a series of depletions
using various ratios of CD45 microbeads (microliters) to microvesicle
protein (micrograms) is presented. The ratio used for each depletion is
indicated above its respective lane. Molecular mass standards are in-
dicated at the left.
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crovesicles into a small region of the gradient. Fractions from
the gradients containing virus were analyzed by immunoblot-
ting with p17MA antiserum to detect the fractions containing
HIV-1. The results showed that the virus was present in the
30% sucrose and the 16% OptiPrep fractions (Fig. 2B), den-
sities where a significant portion of the microvesicles equili-
brate (Fig. 2A). Since CD45 is found on microvesicles and not
on virus, a CD45 blot revealed that this microvesicle marker
was present in the same fractions as virus in both sucrose and
OptiPrep gradients, revealing little separation between these
two types of particles (Fig. 2B). Analysis of other virus prep-
arations produced similar results, detecting no additional sep-
aration between viral and microvesicle proteins (data not
shown). The presence of CD45 in the same fractions as virions
(Fig. 2B) as well as the SDS-PAGE results for microvesicles
(Fig. 2A) show that neither of these methods can satisfactorily
remove the majority of microvesicles from virion preparations.

Removal of CD45� microvesicles from HIV-1 and SIV prep-
arations. Having established the conditions for essentially

complete immunoaffinity depletion of CD45� particles from
microvesicle preparations, we determined if this approach
could be used to deplete CD45� microvesicles from virus prep-
arations. Fifty micrograms (total protein) of sucrose-purified
HIV-1MN (2.3 �g of CA) or SIVMAC239/251 (0.1 �g of CA)
produced from CEMx174 T1 cells was subjected to the CD45
depletion procedure and portions of fractions equivalent to the
starting material (by volume) were analyzed by CD45 immu-
noblotting. Though CD45 was present in the starting material
(Fig. 3), no CD45 signal was detected in the column
flowthrough fraction, indicating that, similar to our mi-
crovesicle experiments, essentially all of the CD45 in the start-
ing material was removed. Reacting this blot to CA antiserum
(reactive to HIV-1 p24CA and SIV p27CA) showed that the
intensity of the signal in the flowthrough samples was some-
what diminished from that of the starting material (Fig. 3).
Immunoassays showed that approximately half of the CA (ei-
ther HIV-1 or SIV) applied to the columns was recovered.
However, only approximately 12% of the CA was found in the
bead fraction. Since the depletion procedure was designed to
optimize removal of CD45� particles and not to maximize
recovery of the CD45� fraction that contains virus, it is likely
that the balance of the virions were nonspecifically trapped in
the column, similar to our observations with microvesicles.
Immunoblotting for HLA-II revealed that the flowthrough
samples produced a reduced signal compared to the starting
material. Since virtually all CD45 had been removed from the

FIG. 2. OptiPrep analysis of preparations. (A) Silver-stained SDS-
polyacrylamide gels of gradient fractions from OptiPrep and sucrose
centrifugation experiments with HuT78 microvesicles. MV, lane con-
taining a sample of the microvesicle preparation before centrifugation.
(B) Immunoblots of gradient fractions from OptiPrep or sucrose cen-
trifugation experiments with HIV-1IIIB preparations produced from
H9. The antibody or antiserum used for each blot is indicated above
the lanes. For both panels, the percentage of density medium in the
gradient fraction is indicated above each lane. Molecular mass stan-
dards are indicated at the left.

FIG. 3. Immunoblots of CD45-depleted HIV and SIV. Immuno-
blots of fractions from CD45 depletion of 50 �g HIV-1MN and
SIVMAC239/251 produced from CEMx174 T1 cells are presented. Sam-
ples are identified above their respective lanes as follows: starting
material, S; flowthrough, F; wash, W; and bead, B. The antibody or
antiserum used for each blot is indicated at the right. Molecular mass
standards are indicated at the left.
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flowthrough material, this remaining HLA-II signal is likely
due to the HLA-II that is present on the virions. The more
intense HLA-II signal detected in the HIV-1 compared to the
SIV flowthrough samples probably reflects the difference in the
amounts of virus present in the starting samples (�20-fold
more HIV-1 CA than SIV CA).

Actin is another cellular protein that is found in both virions
and microvesicles (4, 15, 29). Similar to the HLA-II results, the
panactin immunoblot signal was decreased in but not elimi-
nated from the HIV-1 flowthrough fraction and was undetect-
able in the corresponding SIV sample (Fig. 3). Our inability to
detect actin in the SIV flowthrough fraction is likely due to the
relatively low amount of virus in the SIV preparation and the
sensitivity of the actin immunoblot. Taken together, these re-
sults demonstrate that CD45 affinity depletion is effective in
removing microvesicles, including those containing HLA-II,
from purified virion preparations.

Env remains intact after CD45 immunoaffinity depletion.
Previously, we have shown that the association of gp120SU with
gp41 in the Env complex on HIV-1 and SIV virions is relatively
stable: Env remains intact during many experimental manipula-
tions, including the sucrose gradient centrifugation procedure
used to purify and concentrate virions (9). To determine if Env
remains intact after CD45 immunoaffinity depletion, samples of
starting and flowthrough fractions from HIV-1MN produced from
CEMx174 T1 cells were examined by immunoblot with both CA
antiserum and gp120SU antibody. The relative intensities of the
CA and gp120SU bands within each sample were similar (Fig. 4).
Therefore, although there was somewhat less material in the
flowthrough than the starting samples (in part due to loss of
virus), there was little, if any, difference in the amount of gp120SU

in the virions themselves, demonstrating that gp120SU is not lost
from virions during the CD45 depletion process. An analysis of
CD45-depleted HIVIIIB produced from stimulated PBMC pro-

duced a similar result: Env remained intact throughout this pro-
cess.

Infectivity of CD45-depleted virions. To determine the in-
fectivity of CD45-depleted HIV-1 virions with high-titer virus,
clarified HIV-1NL4-3-infected H9 cell supernatants (from fresh
harvests to maintain virus titer) were mixed with anti-CD45
beads that were later captured by magnet (without a column).
The titers of the supernatants were determined along with
those of untreated supernatants or those treated in the same
manner with irrelevant antibody-conjugated beads against
CD34, a marker which is not expressed on H9 cells. This
depletion procedure was used rather than the column method
as it can rapidly and effectively remove CD45 from small
amounts of unconcentrated supernatants (data not shown).
Compared to the untreated samples, there was no significant
loss of virions in the bead-depleted samples as measured by
reverse transcriptase assay (data not shown). The single-round
Tat transcomplementation lacZ assay titers (n � 3) for all of
the samples were similar: titers (blue cell-forming units per
milliliter) for the untreated samples were 4.8 � 104 	 0.6
compared to those of the CD45-depleted supernatants, 5.0 �
104 	 1.2, and the CD34-depleted supernatants, 3.6 � 104 	
0.4. These results show that the virions remain infectious after
CD45 depletion, implying that Env remains functional. Addi-
tionally, these data are consistent with the absence of CD45 on
HIV-1 particles.

Separation of microvesicles from virions. To formally dem-
onstrate that this approach can remove microvesicles from
virions, we took advantage of our previous finding that parti-
cles (i.e., microvesicles and virions) produced from different
lymphocyte cell lines can contain different isoforms of actin
(29). H9 cells produce particles with smooth muscle �-actin,
while CEM-SS cells produce those with �-actin. This difference
in actin isoform expression can be used as a marker in virus-
microvesicle mixing experiments to distinguish the fates of the
different particles after CD45 depletion. HIV-1MN virus pro-
duced from CEM-SS cells (containing �-actin), microvesicles
from H9 cells (�-actin), and a mixture of the two preparations
was subjected to the CD45 depletion procedure. Immunoblot
analysis revealed that the �-actin signal from the microvesicles
in the flowthrough fractions of the microvesicles and virus-
microvesicle mixture was undetectable in the depleted samples
while present in the untreated samples (Fig. 5A), demonstrat-
ing that microvesicles were removed from the mixture. Blotting
the same membrane with �-actin antibody showed that a re-
sidual amount of this isoform was still present in the virus-
containing samples after treatment, as expected since the viri-
ons produced from CEM-SS contain �-actin (29) (Fig. 5A).
Reacting the blot with the panactin antibody that detects all
actin forms confirmed the isoform-specific blot results. Deple-
tion and analysis of the reciprocal mixture, HIV-1MN produced
from H9 cells (�-actin) and mixed with microvesicles from
CEM-SS (�-actin), produced the expected results, demonstrat-
ing that microvesicles were removed as detected by the loss of
�-actin in the mixture (Fig. 5B). The �-actin signal was not
present in the flowthrough lane that contained HIV-1 pro-
duced from H9, though the panactin blot showed that some
actin still remained in the virus samples as expected. This loss
of detectable �-actin signal is likely due to an insufficient
amount of virus and the level of detection with this antibody.

FIG. 4. Env stability of CD45-depleted HIV. Immunoblotting with
both CA antiserum and gp120SU antibody of CD45-depleted HIV-1MN
samples produced from CEMx174 T1 cells are presented. Starting
material (S) and flowthrough (F) samples are identified above their
respective lanes. Molecular mass standards are indicated at the left.
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For both experiments, CD45 and CA immunoblots demon-
strated that CD45 was effectively removed by immunoaffinity
depletion and that most of the virions were recovered in the
flowthrough fraction (Fig. 5). Together, these data confirm the
results above, showing that microvesicles can be effectively
removed from these virion preparations by CD45 immunoaf-
finity depletion.

Biochemical analysis of virions. To better characterize
treated virions, we individually CD45-depleted 500-�g prepa-
rations of HIV-1MN from H9 Clone 4 cells, HIV-1IIIB from
phytohemagglutinin-stimulated PBMC, and SIVMAC239 G4,5

from Sup-T1 cells and analyzed the starting and flowthrough
material by immunoblot analysis. As before, the data showed
that CD45 was removed from the flowthrough fractions (Fig.
6A). Blotting for CA revealed that there was a decrease in CA
signal that was confirmed by CA antigen capture immunoassay
results, likely due to nonspecific trapping on the column. Nev-
ertheless, SDS-PAGE analysis of starting and flowthrough
samples normalized to equal amounts of CA clearly showed
that a considerable amount of protein was removed from the
treated material relative to that of the viral proteins (Fig. 6B).
Quantitation of total protein content in the starting and de-
pleted material by amino acid analysis showed that the major-
ity of the total protein in the virus sample was removed by

FIG. 5. Separation of microvesicles and virions. Immunoblots of
fractions from CD45 depletion of mixtures of microvesicles and virions
are presented. Fractions analyzed are identified above the respective
blots (MV, microvesicles) indicated by S for starting material or F for
flowthrough. The antibody or antiserum used for each blot is indicated
at the left.

FIG. 6. Analysis of CD45-depleted HIV and SIV. Analyses of frac-
tions from CD45 depletion of 500 �g (total protein) of HIV-1 and SIV
preparations are presented. (A) Immunoblots of fractions are dis-
played with the virus preparations and samples identified above their
respective lanes as follows: starting material, S; flowthrough, F; wash,
W; and bead, B. The antibody or antiserum used is indicated at the
right. (B) Silver-stained SDS-polyacrylamide gels of the starting ma-
terial (S) and flowthrough (F) samples from CD45 depletions are
presented. Samples were normalized for CA to show the relative purity
of the virions. Samples are identified above their respective lanes, and
prominent proteins are identified at the right. Molecular mass stan-
dards, lane M in panel B, are indicated at the left.
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CD45 depletion (data not shown), mirroring the SDS-PAGE
results.

To better characterize the proteins in these large-scale prep-
arations, portions of the CD45-depleted and untreated HIV-1
and SIV samples examined above were analyzed by reversed-
phase HPLC. To assess the purity of the virus preparations and
to adjust for nonspecific loss of viral proteins during the CD45
depletion procedure, the chromatograms from the CD45-de-
pleted and untreated samples are presented at different absor-
bance ranges to produce equal peak heights for the NC pro-
teins (Fig. 7). This normalized comparison showed that, while
the relative amounts of each of the Gag proteins were similar
between the two profiles, there were substantial reductions in
peak area for cellular proteins in the HPLC chromatograms of
the CD45-depleted samples. While cellular proteins that con-
taminate virion preparations are found throughout the frac-
tions, the levels for two especially prominent microvesicle-
associated proteins, actin and HLA-II, were greatly reduced
relative to Gag by this procedure (Fig. 7). This was especially
apparent in the chromatograms from the HIV-1IIIB produced
from PBMC, since this preparation contains a large amount of
contaminating proteins, presumably from microvesicles.

Electron microscopy of virion preparations. Samples of the
HIV-1MN produced from H9 and SIVCP-MAC produced from
Supt-T1, before and after CD45 depletion, were studied by
transmission electron microscopy (Fig. 8). The untreated
HIV-1 and SIV preparations contained a relatively small num-
ber of virions compared to the many nonviral particles. These
results are consistent with other electron microscopic studies
of virus preparations (4, 15). In contrast, the CD45-depleted
virion preparations contained mostly virions and few, if any of
these nonviral particles. These data confirm our biochemical
data and directly show that CD45 depletion effectively removes
microvesicles from virion preparations.

Quantitation of HLA-II on HIV-1MN. Our ability to produce
relatively pure HIV-1 from lymphoid lines allows us to directly
quantitate the amount of HLA-II on the virion. CD45-de-
pleted HIV-1MN produced from H9 cells was separated by
HPLC with a column elution gradient that was especially de-
veloped to isolate relatively pure fractions containing either
the �-chain of HLA-II or actin. The fraction containing the
HLA-II �-chain was identified by immunoblotting and the
purity of this fraction was demonstrated by the presence a
single band in SDS-PAGE analysis (Fig. 9). Protein sequencing
of this band identified this protein specifically as the �-chain of
the HLA-DR isoform, consistent with several previous studies
suggesting specific HLA-DR incorporation (reviewed in refer-
ences 2, 5, and 41). Amino acid analysis of this fraction pro-
duced the expected composition of amino acids for the �-chain
of HLA-DR. Since this analysis directly measures the molar
amount of each amino acid in the sample, we calculated the
total pmoles of protein in this fraction (Table 1). A similar
analysis was carried out on the fractions containing several of
the Gag proteins (MA, CA, NC, and p6Gag). These results
were averaged to determine the molar amount of Gag present
in this preparation (Table 1). Based on amino acid analyses of
two independent CD45 depletions of HIV-1MN produced from
H9 cells, we found that there are between 100 to 125 �-chain
HLA-II proteins per virion, assuming an estimate of 2,500 Gag
molecules per virion (5, 22, 31, 40). Since the HLA-II complex

is made up of a dimer of heterodimeric �- and �-chains (i.e., 2
�-chains per native HLA-II), this corresponds to 50 to 63
complexes on the surface of HIV-1MN produced from H9 cells.
It should be noted that present estimates of the Gag content
range from 1,200 to 5,000, thus, this estimate would vary given
other Gag-to-virion ratios. Using the same methodology and
Gag molecules per virion assumption, amino acid quantitation
of the actin peak determined that there were 50 to 68 mole-
cules of actin per virion (Table 1).

FIG. 7. HPLC Analysis of CD45-depleted HIV and SIV. A280 chro-
matograms of HPLC separations of untreated and treated HIV-1 and
SIV samples are presented. Absorbance levels of the chromatograms
were normalized to the NC peak height to allow for the assessment of
the relative purity of the virus preparations in the starting (�) and
CD45-depleted (�) material. Important peaks identified by immuno-
blot or protein sequence are labeled above their respective chromato-
grams.
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DISCUSSION

The study of cellular proteins incorporated into retroviruses
is significantly hindered by the presence of microvesicles and
their associated proteins in virus preparations purified by con-
ventional methods. Using a variety of analyses, we have dem-
onstrated that our novel approach based on CD45 immunoaf-
finity depletion is able to substantially remove microvesicles
from density-purified virus preparations. The depletion of
CD45-containing particles from microvesicle preparations also
removes essentially all of the HLA-II, demonstrating effective
removal of microvesicle-associated HLA-II. By analyzing
CD45-depleted virus preparations, we estimate that an average
of 50 to 63 HLA-II complexes per virion, specifically HLA-DR,
are incorporated onto HIV-1MN produced from H9 cells.

While this level of HLA-II is considerably lower than previ-
ously estimated (2), the prior estimate was offered with the
caveat that the total amount of HLA-II was measured in virus
preparations that were known to contain microvesicles. In fact,
the virus preparation used in the previous study contains con-
siderably more nonviral protein than the HIV-1MN prepara-
tions presented here (4; unpublished data). Therefore, these
differences are likely due to the large amount of contaminating
microvesicles in the earlier samples. Although our estimate of
the average number of HLA-II on the virion surface is low, the
total amount of HLA-II may not be uniformly distributed
among the virions. Therefore, a small percentage of virions in
the population might contain a relatively high number of
HLA-II molecules.

FIG. 8. Electron microscopic analysis of CD45-depleted HIV-1 and SIV. Representative fields (�40,000) from 5 �g of untreated (A) and
treated (B) preparations of HIV-1MN and SIVCP-MAC produced from H9 and Sup-T1 cell lines, respectively, analyzed by thin-section transmission
electron microscopy are presented. Arrows highlight some of the potential microvesicles in the field and the scale bar (lower right in field)
corresponds to 200 nm.
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From our biochemical analyses, we have estimated that the
amount of Env on HIV-1MN produced from H9 cells is �14
trimers per virion (9). Based on these results and those pre-
sented here, the average amount of HLA-II present on this
virus is approximately four times greater than the amount of
Env on the surface of HIV-1MN. This relative difference is
consistent with a previous proposal that there are more
HLA-II complexes on HIV-1 than Env (2). While we have
found that the efficient incorporation of HLA-II into virions
required Env (32), the data presented here do not support a
mechanism based on a simple binding of one HLA-II to one
Env. Further experiments utilizing CD45 depletion and HIV-1
Env mutants should assist in defining the mechanism for
HLA-II incorporation.

Clearly, our data confirm the observation that HLA-II
and other proteins in microvesicles are considerable con-
taminants in virus preparations produced from lymphoid
cells. In addition to HLA-II, this method should be useful
for examining other cellular proteins that are on the surface
of the virus. We have previously developed a method for
purifying the cellular proteins inside virions by subtilisin

digestion of the proteins on the exterior (27). With these
two methods, we have developed approaches that allow for
biochemical analyses of the proteins on the surface or inside
retroviruses by producing preparations that are more highly
purified than those produced by conventional methods. Fur-
thermore, since the CD45 depletion process retains virion
surface proteins, this procedure is potentially useful for the
production of relatively pure virion preparations for immu-
nological and vaccine studies. The presence of HLA mole-
cules, especially those on microvesicles, in SIV-based vac-
cines produced from human cells has obscured the
interpretation of their efficacy (3, 39). Removal of contam-
inating microvesicles should assist in the clearer interpreta-
tion of these types of studies.

While we remove nearly all of the microvesicles by CD45
depletion, some still appear to be present (Fig. 8B). Our
data suggest that the T-cell line-derived microvesicles that
contain HLA-II also contain CD45, allowing us to remove
microvesicle-associated HLA-II from these preparations by
our immunoaffinity method. However, the potential pres-
ence of CD45� microvesicles necessitates that studies of
host proteins other than HLA-II in virus preparations dem-
onstrate that the protein of interest is similarly removed by
CD45 depletion. Another limitation of this technique is that
it depends on the presence of CD45 on the particle. While
CD45 is predominantly present on hematopoietic cells, non-
hematopoietic cells (e.g., HEK293T and HeLa) might not
express CD45 and, therefore, likely produce microvesicles
without CD45. Furthermore, hematopoietic cells can re-
lease microvesicle-like particles, exosomes, via the endocytic
pathway that may not contain CD45 (6). Therefore, charac-
terization of nonviral particles released by the virus-produc-
ing cells needs to be carried out to ensure that CD45 de-
pletion is an appropriate procedure for removing the
contaminating protein of interest from virus preparations.
Other as-yet-undefined markers on CD45� particles could
be used in a similar depletion method if they are excluded
from virions.

While our method is effective at removing CD45-containing
particles from virion preparations, our results do show a sig-
nificant nonspecific loss of both nonviral and viral material.
This could be due to the use of magnetic columns that were
designed for cell separation and not created for small particle
and protein work. Currently we are investigating procedural
changes to eliminate this drawback.

While the use of OptiPrep gradients has been proposed as
a method to separate microvesicles from virions, our exper-
iments clearly found that density gradients, either sucrose-
or OptiPrep-based, could not effectively resolve mi-
crovesicles from virions. This contrasts with the previous
results of Dettenhofer et al. (10). A reexamination of their
results shows that the primary protein contaminant removed
from their virus preparations by OptiPrep gradient centrif-
ugation was not a typical microvesicle protein, e.g., actin or
HLA-II, rather it was a predominant �66-kDa protein that
is not present in purified microvesicle preparations (Fig. 2A
and reference 4). We speculate this protein was bovine
serum albumin, a common contaminant from cell culture
media. Thus, in the previous experiments, the OptiPrep
gradients appear to remove free proteins and debris and not

FIG. 9. Quantitation of HLA-II. An HPLC chromatogram (A280)
of treated HIV-1MN is presented. SDS-PAGE and immunoblotting
results from the HLA-II-containing fractions are presented above the
fraction. The fractions containing the Gag proteins and actin that were
subjected to amino acid analysis are indicated above the respective
peaks.

TABLE 1. Quantitation of HLA-II on CD45-depleted HIV-1MN

Protein Amt (pmol) Protein/Gag Proteins/viriona

(HLA-II complexes)b

Expt 1
Gagc 225 1 2,500
HLA-II � 12 0.05 125 (63)
Actin 5 0.02 50

Expt 2
Gagc 165 1 2,500
HLA-II � 6.8 0.04 100 (50)
Actin 4.4 0.027 68

a Assumes 2,500 Gag molecules/virion (other estimates suggest a range of
�1,200 to 5,000).

b Native HLA-II molecules, two HLA-II � chains per complex.
c Based on average value for MA, CA, NC, and p6Gag fractions.
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those associated with microvesicles. Based on our data, Op-
tiPrep density centrifugation does not adequately resolve
virions from microvesicles.

The ability to quantitate HLA-II on retroviruses promises to
allow for better studies of the mechanism for HLA-II incor-
poration into virions. Results from these studies along with the
potential to produce very pure virus preparations should allow
for the improvement of and better understanding of viral vac-
cines and immunology studies.
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