
Technical Advance
Successful Application of Hyperbranched
Multidisplacement Genomic Amplification to Detect
HIV-1 Sequences in Single Neurons Removed from
Autopsy Brain Sections by Laser Capture
Microdissection

Jorge E. Torres-Muñoz, Mariana Núñez,
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To confirm studies suggesting that HIV-1 infects neu-
rons and to determine whether CD8� T lymphocytes
traffic to HIV-1-infected neurons, we used laser cap-
ture microdissection to remove hippocampal neu-
rons with and without perineuronal CD8� T cells
from AIDS patients with HIV-1 encephalitis (HIVE) or
without HIVE and from normal controls. We used
hyperbranched multidisplacement amplification for
whole gene amplification (MDA-WGA) plus two
rounds of PCR to amplify housekeeping sequences
(HK�) and, in HK� samples, to amplify HIV-1 gag,
nef, and pol sequences. Sample size and, in single
neurons, MDA-WGA correlated with housekeeping
gene amplification (P < 0.05), whereas patient group
and postmortem interval did not (P > 0.05). Neuronal
viral sequences correlated with HIVE (43% vs. 13%
and 0 in non-HIVE and controls, respectively) and, in
HIVE cases, with perineuronal CD8� T lymphocytes
(70% in CD8� samples vs. 37% of CD8� samples). Our
results suggest that MDA-WGA is a useful technique
when analyzing DNA from single cells from autopsy
brains, supporting prior studies that show that neu-
rons may contain HIV-1 neuronal sequences in vivo.
The association between neuronal infection and peri-
neuronal CD8� T cells supports our hypothesis that
these cells specifically traffic to infected neurons but
raises the possibility that CD8� T cells, if infected, could
transmit virus to neurons. (J Mol Diagn 2008, 10:317–324;

DOI: 10.2353/jmoldx.2008.070074)

Activated macrophages, viral proteins, and restricted
HIV-1 infection of astrocytes and neurons are among the
mechanisms that may cause HIV-1-induced brain injury.1,2

Although fetally derived neuronal cells in vitro transiently
can sustain productive infection when exposed to HIV-1,3,4

actual infection in vivo is more controversial since studies
examining neuronal infection in autopsy brains give con-
flicting results. Two initial studies detected viral se-
quences in neurons in tissue sections of AIDS brains by
combining in situ hybridization with gene amplification by
PCR5,6; subsequent studies, using similar techniques,
were negative for neuronal HIV-1.7–9 More recently, Canto-
Nogules et al10 used reverse transcription-PCR and in situ
hybridization on paraffin-embedded brain sections and
detected viral RNA in cortical neurons in two of four
pediatric patients with AIDS-related encephalopathy.

We also examined the potential for neuronal infection
but used laser capture microdissection to remove small
groups of neurons from autopsy brain samples of AIDS
and control patients. After extracting neuronal DNA, we
detected HIV-1 gene sequences in many of the AIDS
neuronal samples after double-round PCR amplification.11

Neuronal as well as glial and monocytic viral infection
was found with similar technology of microdissection and
PCR amplification in one subsequent study12 but not in a
second.13

In the present study, we reasoned that amplification of
viral sequences in single neurons would provide addi-
tional evidence of neuronal infection since it would mini-
mize the likelihood of specimen contamination by adja-
cent infected cells. We also theorized that separate
microdissections of neurons with, and without, perineu-

Supported in part by the National Institutes of Health (RO1-NS-39117).

Accepted for publication February 12, 2008.

Address reprint requests to Carol K. Petito, M.D., Department of Pa-
thology (R5), Miller School of Medicine, Jackson Memorial Hospital, 1611
NW 12th Avenue, Miami FL 33136. E-mail: cpetito@med.miami.edu.

Journal of Molecular Diagnostics, Vol. 10, No. 4, July 2008

Copyright © American Society for Investigative Pathology

and the Association for Molecular Pathology

DOI: 10.2353/jmoldx.2008.070074

317



ronal CD8� T cells would allow us to determine whether
the perineuronal T cells in AIDS brains specifically traf-
ficked to infected neurons, as we previously hypothe-
sized.14 Since the amount of DNA in single microdis-
sected neurons is low, and since autopsy DNA already is
reduced by agonal hypoxia, postmortem autolysis, and
formalin fixation,15–17 we increased the amount of
genomic DNA (gDNA) by applying whole genome ampli-
fication (WGA) before primer-specific PCR for viral
sequences.

Both PCR- and non-PCR-based methods are available
for WGA. Since PCR-based WGA uses repeated thermo-
cycling to 96°C, and since our preliminary data with one
of the PCR-based WGA methods gave false-positive
results from microdissected cells (personal observation),
we selected isothermal WGA to avoid thermal-induced
DNA breaks during WGA amplification. The isothermal
hyperbranched multidisplacement amplification method
(MDA) for WGA, first described by Blanco et al,18 is ideal
for microdissected cell samples for several reasons. First,
by using the bacteriophage �29-DNA polymerase, high
fidelity is maintained during replication and a high strand
displacement activity remains stable at 30°C for 12 hours
or longer.18,19 Second, isothermal WGA avoids the cycli-
cal changes in temperature that occur in all PCR-based
methods, such as degenerate oligonucleotide-primed
PCR or ligation-mediated PCR. The isothermic method for
WGA may be of specific importance when amplifying
DNA from microdissected cell, or because mis-amplifi-
cation artifacts increase with such small sample siz-
es.20,21 The MDA method for WGA uses exonuclease-
resistant primers that allow higher product stability and
larger fragment synthesis during amplification.18,19,22

Lastly, the hyperbranched version of MDA is more suit-
able for clinical material that amplifies chromosomal
genomic DNA. In fact, this version is a derivation of the
original rolling circle amplification method, which also
uses MDA but is designed specifically to amplify shorter
DNA lengths from generic circular DNA molecules rather
than long fragments of genomic DNA.22–24 Restriction
and circularization-aided rolling circle amplification re-
quires the use of considerable enzymatic manipulations,
which is not advisable when working with very small
samples.

We adapted the hyperbranched multidisplacement
amplification for whole gene amplification (MDA-WGA)
strategy to detect DNA sequences in microdissected
single neurons or small groups of 3 to 30 neurons re-
moved from tissue sections of formalin-fixed paraffin-
embedded (FFPE) autopsy brain. Before microdissection,
we performed immunohistochemistry on the deparaffinized
slides to identify CD8� T cells. A preliminary report has
been published in abstract form.25

Materials and Methods

We used sections from three AIDS patients with HIV-1
encephalitis (HIVE) in the hippocampus and three AIDS
patients without HIVE in any brain region (HIVnE). None
had brain opportunistic infections or lymphomas. All six

were part of a prior study of cytotoxic CD8� T cells in
AIDS hippocampus.14 To facilitate microdissection of
neurons with adherent CD8� T cells, we chose the three
HIVE cases with the most abundant perineuronal cyto-
toxic T lymphocytes in the hippocampus. We excluded all
cases with a postmortem interval of �40 hours, and we
determined that we could amplify housekeeping gene
sequences from a deparaffinized 6-�m-thick tissue sec-
tion of the hippocampus. Three HIV-1-negative controls
with normal brains were generously donated by the Na-
tional Institute of Child Health and Development’s Brain
and Tissue Bank for Developmental Disorders, University
of Miami (NO1-HD43383 and NO1-HD43368). Between 5
and 10 serial 6-�m-thick sections of buffered formalin-
fixed hippocampus were cut onto clean, plain glass
slides and processed for immunohistochemistry for
CD8� T lymphocytes. Briefly, we deparaffinized the sec-
tions and sequentially incubated them with blocking so-
lution (5% normal goat serum) for 30 minutes at room
temperature, monoclonal anti-human CD8 monoclonal
antibodies (Dako Corporation, Carpinteria, CA) at a 1:50
dilution overnight at 4°C, biotinylated secondary antibody
for 1 hour at room temperature, and the avidin-biotin
complex for 1 hour at room temperature. To avoid cross
contamination between specimens, new microtome knives,
cleaned with weak hydrochloric acid, and a cleaned water
bath filled with new double-distilled water were used for
each case.

We used the thermoplastic polymer (ethyl-vinyl-acetate)-
coated CapSure TF-100 Caps and the Arcturus PixCell
IIe laser capture microscope (Molecular Devices Corpo-
ration, Sunnyvale, CA) to remove nuclei from pyramidal
neurons in the CA4 subregion of hippocampus from FFPE
autopsy brains. We dissected two types of neuronal nu-
clei: those from neurons that were in direct contact with
perineuronal CD8� T cells and those from neurons that
had no contact with adjacent cells. The usual postmortem
shrinkage artifact usually left a clear space around neu-
rons that facilitated dissection of their nuclei to the exclu-
sion of other cells. Samples included single neurons and
groups of 3 to 10 or 15 to 30 neurons with or without
contact with perineuronal CD8� T cells. To facilitate dis-
section of neuron-only samples, we adjusted the laser
beam diameter to 7.5 �m and used a laser beam power
of 65 mW for 500 �s. After the microdissection, we re-
moved extraneous tissues from the TF-100 Caps with a
clean Arcturus CapSure Pad and confirmed the fact that
the microdissection removed only neurons by direct mi-
croscopic observation of the original slide and the TF-100
Cap’s surface.

We extracted gDNA by incubating the captured cells
with 20 �l of Arcturus PicoPure DNA extraction buffer for
12 hours at 65°C, followed by a 10-minute incubation at
85°C to destroy proteinase K remnants. We vacuum-
dried the gDNA and reconstituted it in 3 �l of PBS. We
performed MDA with the REPLI-g Mini DNA amplification
kit, according to the user-developed protocol supplied by
the manufacturer (QIAGEN, Valencia, CA). Briefly, we
denatured gDNA in Buffer D for 10 minutes on wet ice,
added stop solution, and mixed the solution by gently
flicking the tube to avoid loci dropout by physical DNA
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breakage that may occur when the concentration and
quantity of DNA is low. We added 10 �l of nuclease-free
water, 29 �l of reaction buffer, and 1 �l of �29-DNA
polymerase and incubated the reaction mix at 30°C for 16
hours. We inactivated polymerase activity by heating
each sample at 65°C for 3 minutes and stored aliquots of
the amplified gDNA at �20°C until the real-time PCR
procedure.

We performed two rounds of real-time PCR in a Roche
LightCycler (Roche Biochemicals, Indianapolis, IN) with
35 cycles for the first round and 40 cycles for the second
round, using primer sets for two housekeeping (HK)
genes (glyceraldehyde 3�-phosphate dehydrogenase
and �2-microglobulin) (Table 1). For the first round, we
used amplified gDNA template along with 10 pmol of
each primer in a 10-�l SYBR Green reaction mix volume
(TIB-MOLBIOL, Adelphia, NJ). For the second round, we
used the same reagents, minus the amplified gDNA tem-
plate, in a final volume of 20 �l. We performed double-
round PCR for HIV-1 gag, nef, and pol (Table 1) on all
HK-positive samples. Positive PCR controls were DNA
extracted from cultured normal human monocytes and
HIV-1 cDNA extracted from infected COS cells (gener-
ously donated by Dr. Charles Wood, School of Biological
Sciences, University of Nebraska, Lincoln, NE). Negative
controls included blank caps and tissue section-touched
caps without laser capture. Results were positive when
the melting curve graphs for the samples had a melting

temperature (Tm) similar to those of the melting curve
graphs of the control DNA.

We correlated HK gene amplification with postmortem
intervals using analysis of variance and with sample size
and patient group using the �2 test.

Results

The average age of the AIDS patients was slightly higher
than that of controls (43 � 8 years versus 34 � 3 years);
their postmortem intervals were similar (20 � 10 hours
and 17 � 10 hours); all were men. The inflammatory
lesions of HIVE were characterized by perivascular and
parenchymal lymphocytes, activated microglia and
perivascular macrophages, and the characteristic
multinucleated giant cell of HIVE. Reactive astrocytosis
was present in the more severe lesions as previously
described.26 CD8� T cells were numerous in perivascu-
lar spaces, brain parenchyma, and perineuronal sites
(Figure 1, A and B) and were readily visualized with the
laser capture microscope (Figure 2A). We previously
showed that these CD8� T cells were cytotoxic T cells
since they co-labeled with granzyme B and perforin.14

We did not perform immunohistochemistry for CD4� T
cells since they usually are confined to perivascular
spaces27 and since most of the CD3� T cells were of the
CD8� subtype.14 This corresponds to the relative distri-

Table 1. Primer Sequences for Housekeeping and HIV-1 DNA Sequences

Gene sequence Forward primer sequence Reverse primer sequence

�2-Microglobulin 5�-GATGAGTATGCCTGCCGTGTG-3� 5�-CAATCCAAATGCGGCATCT-3�
GAPDH 5�-GAAGGTGAAGGTCGGAGTC-3� 5-GAAGATGGTGATGGGATTTC-3�
HIV-1-gag 5�-TTTGGCTGAGGCAATGAGT-3� 5�-TTTCTCTGGCCCCTAAAATT-3�
HIV-1-pol 5�-TGGGAAGTTCAATTAGGAATACCAC-3� 5-CCTACATACAAATCATCCATGTATTG-3�
HIV-1-nef 5�TGGATCTACCACACACAAGG-3� 5�-CAACTGGTACTAGCTTGAAGCA-3�

GAPDH, glyceraldehyde 3�-phosphate dehydrogenase.

Figure 1. CD8� T lymphocyte immunohistochemistry of an AIDS patient with HIV-1 encephalitis in the CA4 subregion of the hippocampus. The CD8� T
lymphocytes localize to the microglial nodules of HIV-1 encephalitis (A) and diffusely infiltrate adjacent brain (B). Arrow indicates the cell-to-cell contacts
between pyramidal neurons and perineuronal CD8� T cells. Hematoxylin counterstain; original magnification �400.
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bution of T-cell subtypes in a non-human primate model
of HIVE.28 One of the three HIVnE brains contained
sparse perivascular infiltrates of lymphocytes. The three
control cases had normal brains on gross and micro-
scopic examination.

The large size of the pyramidal neurons, combined
with the customary postmortem shrinkage artifacts, facil-
itated the removal of neurons without contamination from
adjacent cells or tissues (Figure 2, B–D). We confirmed
the absence of non-neuronal tissue by microscopic ex-

Figure 3. Real-time PCR SYBR Green Tm graph for �2-microglobulin (A) and HIV-1 nef (B). Vertical lines are used to point out PCR product Tm. The blue line
with arrow shows the Tm of one positive control and several positive neuronal samples. The red line with arrow shows the Tm from negative control and several
negative samples. Default green and yellow lines were not used.

Figure 2. A: HIV encephalitis with infiltrating CD8� T lymphocytes (brown) in the CA4 region of hippocampus, as seen with the laser capture microscope. B–D:
Successful dissection and capture of a CD8� pyramidal neuron (arrows). B shows the neuron and its perineuronal CD8� T cell before microdissection. C shows
the empty space on the tissue section that remains after successful microdissection; note that the perineuronal T cell has not been captured. D shows the Transfer
Cap to which only the neuron adheres. Hematoxylin counterstain; original magnifications �200 (A); �400 (B–D).
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amination of the FFPE section and the surface of the
Transfer Cap after the microdissection (Figure 2, C and
D). Only 1 of 24 microdissections of single neurons from
the HIVE cases was removed with an adherent CD8� T
cell. We used this sample as part of the evaluation of
WGA in single-neuron dissection but did not include it in
subsequent PCRs for viral sequences. After isothermal
WGA and double-round PCR, HK or HIV-1 gene se-
quences were identified by a fluorescence activity that
was similar to their positive control (Figure 3).

HK gene sequence amplification in single neurons
required MDA-WGA before PCR. As shown in Figure 4A,
37% of 14 single-neuron samples contained housekeep-
ing gene sequences when MDA-WGA preceded double-
round PCR. The crossing threshold for these single neu-
ronal samples was 28.3 � 0.6. In contrast, none of 17
single neuronal samples contained HK sequences when
double-round PCR was performed in the absence of
MDA-WGA.

Twenty-four of the 34 groups of 15 to 30 neuronal
samples (44%) contained HK gene sequences; their
crossing threshold was 13.2 � 0.9. Three of the four
groups of 3 to 10 neuronal samples (75%) also contained
HK sequences. Successful amplification correlated with
the amount of DNA in the original sample (P 	 0.01;
Figure 4B) but not with patient group (P � 0.05; data not
shown) or with postmortem intervals up to 40 hours (P �
0.05; Figure 4C).

HIV-1 viral sequences in HK� neuronal samples cor-
related with patient group (Table 2 and Figure 5A). Nine
of 22 (40%) HK� neuronal samples from the three HIVE
cases contained HIV-1 DNA sequences. Gag and nef,
alone or in combination, were most common. Pol was

found twice only, once in combination with nef and once
in combination with nef and gag. Two of 15 (13%) HK�

neuronal samples from the three HIVnE cases contained
HIV-1 DNA for gag. Both were single-neuron samples
from HIVnE cases without hippocampal lymphocytes (pa-
tients 5 and 6 in Table 2). Viral sequences were absent in
all HK� neuronal samples from controls.

Viral sequences in the HK� neuronal samples corre-
lated with the presence of perineuronal CD8� T cells in
the three HIVE cases (Figure 5B). Ten of 19 neuronal
samples in direct contact with CD8� T cells contained HK
sequences. Seven of these 10 HK� samples contained
viral sequences (70%). Eleven of 21 neuronal samples
without perineuronal CD8� T cells contained HK se-
quences. Four of these 11 HK� neuronal samples con-
tained viral sequences (37%).

Discussion

Microdissected single-cell samples from formalin-fixed
paraffin-embedded tissue blocks of autopsy brains are
important in studying certain human diseases. They allow
the analysis of cell-specific alterations in DNA and RNA
and facilitate sampling of brain lesions that are not uni-
formly distributed in the brain, as occurs with the inflam-
matory lesions of HIVE. Furthermore, premortem brain
biopsies usually are not available for disorders other than
tumors and experimental studies may not directly model
the clinical condition.

Our current study clearly shows that application of
MDA-WGA enhances the chances to detect amplified
gene sequences from single neurons removed from FFPE

Table 2. Gene Amplification in AIDS and Control Hippocampal Neuronal Samples

No. Group Age (y) PMI (h) HIVE

No. of samples with
housekeeping sequences

No. of HK� samples with
viral sequences

1 Neuron
3–10

Neurons
15–30

Neurons 1 Neuron
3–10

Neurons
15–30

Neurons

1 AIDS 36 12 X 3 of 5 n.d. 3 of 3 n.d. n.d. 1 of 3
2 AIDS 37 16 X 3 of 12 3 of 3 1 of 3 1 of 3 1 of 3 0 of 3
3 AIDS 42 23 X 3 of 7 0 of 1 6 of 7 2 of 3 n.d. 4 of 6
4 AIDS 41 40 O 2 of 5 n.d. 3 of 3 n.d. n.d. 0 of 4
5 AIDS 47 17 O 3 of 5 n.d. 2 of 5 0 of 3 n.d. 0 of 2
6 AIDS 57 14 O 4 of 5 n.d. 2 of 4 0 of 4 n.d. 0 of 2
7 Control 35 6 O 2 of 5 n.d. 3 of 3 0 of 2 n.d. 0 of 3
8 Control 36 22 O 1 of 5 n.d. 2 of 3 0 of 1 n.d. 0 of 2
9 Control 30 23 O 2 of 4 n.d. 2 of 3 0 of 2 n.d. 0 of 2

PMI, postmortem interval; HK, housekeeping gene sequences (� 2-microglobulin and glyceraldehyde 3�-phosphate dehydrogenase); n.d., not
done; X, present; O, absent.

Figure 4. Housekeeping gene sequence amplification was related to whole-gene amplification before double-round PCR in single neurons (A) and to sample size
in the HIVE and control groups (B) but was unaffected by postmortem intervals (C).
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brain sections. Housekeeping gene sequences never
were amplified by double-round PCR alone but only were
detected when PCR was preceded by whole genomic
amplification by MDA. As reviewed in the introduction,
this non-PCR-based method for WGA protocol offers dis-
tinct advantages over PCR-based WGA or PCR-alone
methods since it permits amplification of up to 70,000
nucleotides19 and avoids possible thermal-induced physi-
cal breaks of naked DNA that may cause a dropout of loci
representation.

The present study confirms earlier ones that detected
viral sequences in brain neurons of AIDS patients. Ap-
proximately one-third of all HK� samples of single as well
as small groups of neurons contained at least one of
three HIV-1 gene sequences. By finding viral genes in
single neurons, we reduced the potential for false-posi-
tive PCR due to tissue contamination at the time of laser
capture of multiple cells on a Transfer Cap. In addition,
contamination from adjacent, potentially infected cells
was reduced by using a laser beam size of smaller di-
ameter than a neuronal nucleus and by directly observing
the surface of the Transfer Cap to ensure the absence of
non-neuronal material. Furthermore, the low variance in
the crossing thresholds for the PCRs from the single
neuronal samples suggests that equal amounts of DNA
were extracted and supports the fact that only neuronal
nuclei were captured. We also excluded false-positive
amplification for HK and viral DNA sequences by includ-
ing two negative controls (blank Transfer Cap and Trans-
fer Cap applied to tissue section without laser beam
exposure) in the studies. The DNA extraction procedure
that we used does not yield RNA, so it is unlikely that the
positive results were due to amplification of viral RNA
from neurons or from any adjacent, infected cells.

Although our microdissection protocol principally cap-
tured neuronal nuclei, it is likely that small amounts of
neuronal cytoplasm were included as well. Thus, the bulk
of neuronal viral sequences represent integrated proviral
DNA, but the inclusion of cytoplasm indicates the poten-
tial for some or all of the DNA to include unintegrated
linear DNA or even circular DNA with its one or two long
terminal repeats.29,30

Several factors could underlie the disparate results in
those studies that used microdissected autopsy brain
neurons to amplify neuronal DNA for viral sequences.
First, technical differences in amplification techniques
included MDA-WGA plus double-round PCR (current
study), double-round PCR,11 and triple-nested PCR.12,13

Neuronal viral sequences may be sufficiently low, when
compared to those in monocytic or astrocytic cells, that
their detection in microdissected autopsy neurons re-

quires more amplification than is needed to detect viral
sequences in infected monocytes or astrocytes. Biologi-
cal variations among the studies included intrinsic differ-
ences in neurons (hippocampus versus cortex) and the
presence or absence of local HIVE, with its attendant
productive viral infection and intense pro-inflammatory
milieu. The present study and that of Trillo-Pazos et al12

removed neurons from hippocampus or cortex with local
HIVE, whereas two other studies removed neurons from
seemingly normal hippocampus or cortex.11,13 Lastly, if
neuronal infection is defective, only certain viral genes
may be incorporated into host cell DNA. This might ex-
plain why neuronal viral sequences are detected when
primer pairs include those for HIV-1 gag,12 gag plus
nef11, or gag, nef and pol (current study), whereas neu-
ronal sequences were not detected when primer pairs
were confined to HIV-1 env.13

The neuronal infection is either latent or restricted
since there is no evidence that neurons produce viral
proteins in vivo. Latent infection might impair neuronal
functioning, as is seen with other viruses that can latently
infect neurons.31,32 Latent neuronal infection also could
be a potential viral reservoir and develop into productive
infection with inflammation, as occurs with astrocytes and
neural progenitor cells in culture.33 Latent neuronal infec-
tion also could injury cells if viral antigen is produced and
presented to cytotoxic T lymphocytes. Indirect evidence
for this mode of neuronal killing comes from our studies
that show accumulations of perineuronal CD8� and gran-
zyme B� cytotoxic T lymphocytes that form direct cell-to-
cell contact with neurons14 and from clinical studies that
correlate worsening of HIV-1-associated dementia with
accumulations of CD8� T cells in the central nervous
system.34

The high correlation between neuronal viral sequences
and perineuronal CD8� T cells supports our prior hypoth-
esis that CD8� T cells traffic specifically to infected neurons.14

The initial adherence likely occurs via neuronal intercel-
lular adhesion molecule-5, which has high expression
levels in brain neurons, especially hippocampal neu-
rons.35 We anticipate that studies in progress will identify
neuronal major histocompatibility antigen I, since this
CD8� T cell antigen-presenting molecule is induced in
neurons in other inflammatory brain disorders or after
exposure to cytokines.36,37

Alternatively, the correlation between neuronal infec-
tion and perineuronal CD8� T cells raises the possibility
that neuronal infection could be secondary to infection of the
perineuronal CD8� T cells. We previously considered the
possibility that perineuronal CD4� T cells might infect
neurons.27 However, recent studies have shown that

Figure 5. In housekeeping gene-positive neu-
rons, HIV-1 viral sequences were more common
in the HIVE cases than in the HIVnE cases; they
were absent in uninfected controls (A). HIV-1
viral sequences were more common in house-
keeping gene-positive neuronal samples that
were in direct contact with perineuronal CD8� T
lymphocytes than in neuronal samples that had
no contacts with adjacent cells (B).
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CD8� T cells also are infected by HIV-1.38,39 The large
numbers of CD8� T cells in brains of highly active anti-
retroviral therapy-exposed patients, combined with their
perineuronal locations, offers the potential for neuronal
infection by the CD8� T cell. This is supported by the
current study, which positively correlated infected neu-
rons with the presence of perineuronal CD8� T lympho-
cytes. Infection in CD4 receptor-negative neurons may
occur by trans-receptor mechanisms, as occurs when
CD4� astrocytes are co-cultured with infected CD4� T
cells40 or with infected monocytes.41 Additional support
for the potential for neurons to be infected are studies
such as the one by Li et al,3 which demonstrate infection
of CD4� fetal neurons when exposed to free virus in vitro.

In conclusion, our results demonstrate that gDNA from
microdissected single cells from FFPE tissues can be
efficiently amplified using isothermal WGA-MDA followed
by two rounds of PCR. They show that brain neurons
contain viral sequences and suggest that viral infection of
neurons may be related to the presence of perineuronal
CD8� T lymphocytes.
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