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Although the peripheral blood mononu-
clear cells (PBMCs) are the principal vec-
tors of human immunodeficiency virus
(HIV), infected cells range from 1 in
6,000-80,000 PBMC:s in seropositive, as-
ymptomatic individuals.> The fre-
quency of HIV-infected PBMCs is likely
to be even lower in seronegative persons
and demands the application of highly
sensitive detection procedures.

In an earlier study we reported find-
ing one positive culture result when we
cocultured 1 million PBMCs pooled
from 76,500 seronegative donors.'® Be-
cause the detection of HIV DNA after
amplification via PCR is relatively more
sensitive than HIV cocultures, we devel-
oped a novel PCR protocol, described be-
low.

The conventional PCR protocol (mi-
cro PCR) uses only 100 pl of DNA-con-
taining lysate, which is made from only
250,000 PBMCs. However, HIV DNA
from 1 x 10° to 2 x 10° PBMCs has been
amplified by PCR to detect between 1
and 10 copies of HIV in seropositive, as-
ymptomatic individuals.””> We have de-
veloped a novel PCR procedure with a
larger input of DNA obtained from the
digestion and lysis of 50 x 10° PBMCs
(macro PCR) as described here.

We spiked each of four tubes contain-
ing PBMCs (50 x 10%) from HIV anti-
body-negative blood donors, with 10, 1,
0.1, and 0.0 ACH-2 cells, which contain
one copy of HIV DNA per cell.® After
washing the spiked PBMCs with phos-
phate-buffered saline, we centrifuged
and resuspended the spiked PBMCs in
0.5 ml of AB buffer {equal volumes of
solution A, 0.1 M KCl, 0.01 M Tris-HCI,

HLA

HIV

0.0025 M MgCl, - 6H,0 (pH 8.3); and so-
lution B, 0.01 M Trizma base, 0.0025 M
MgCl, - 6H,0 with 1% NP-40, 1% Tween
20 (pH 8.3) containing 300 pg of protei-
nase K]. By holding the cells at 60°C for 1
hr followed by a 2-hr hold at 95°C, we
inactivated proteinase K. We used the ly-
sate for PCR after adjusting the volume
to 1.0 ml with AB buffer and microcen-
trifuging at 12,000 rpm for 2 sec.

We observed PCR inhibition in pre-
liminary experiments designed to am-
plify HLA-DQ-a sequences with lysates
from 50 x 10° PBMCs in 1.0 ml of PCR
mixture containing 400 ng of total DNA;
however, we did not observe this inhibi-
tion when we used 12.5 x 10° cells (100
pg of total DNA). Consequently, we split
the 1.0 ml of lysate containing 400 pg of
total DNA into four equal aliquots of 250
pl and then amplified the DNA therein
using 1.0 ml as the final volume of each
PCR mix. Thus, we were able to amplify
DNA from the entire sample of 50 x 105
PBMCs.

We added 250 pl of the lysate to a
1.5-ml polypropylene microcentrifuge
tube containing 150 ul of mineral oil, 20
wl Tag buffer [500 mm KCI, 100 mm Tris-
HCI (pH 8.3), 20 mm MgCl,, and 0.1 %
gelatin], 4 wl of HIV primers (SK38 and
SK39, 200 pmoles each), 2 pl HLA-DQ-a
primers (GH26 and GH 27, 2 pmoles
each), 8 pl of ANTP mixture (4 dNTPs, 10
mM each), 4 pl of AmpliTaq polymerase
(Cetus, 5 U/pl), 156 pl of freshly deion-
ized water, 540 ul of AB buffer, and 10 wl
of 1.0 M MgCl,. After vortexing, we cen-
trifuged the PCR mixtures at 12,000 rpm
for 2 sec. Because the total volume was
1.0 ml, the amplification could not be
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FIGURE 1 Sensitivity of macro PCR. Lysates from 50 x 10° PBMCs spiked with 10, 1, and 0.1
ACH-2 cells, respectively, were amplified in quadruplicates of 12.5 x 10° cells each. Following
liquid hybridization using *?P-labeled probes SK19 and GH64 specific for HIV and HLA, respec-
tively, and polyacrylamide gel electrophoresis, autoradiographs were prepared. (Lane 1) Reagent
control; (lanes 3—6) 10 ACH-2 cells; (lanes 8—11) 1 ACH-2 cell; (lanes 13—-16) 0.1 ACH-2 cell. Note
that the HIV end point is detected in one of the quadruplicate aliquots from 50 x 10% PBMCs
spiked with one ACH-2 cell. HLA bands in lanes 3-6, 8-11 and 1316 validate DNA amplification.
Lanes 2, 7, and 12 were not loaded.
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TABLE 1
Detecting HIV DNA

Comparison of Current (Macro) and Conventional (Micro) PCR for

Macro PCR mixture

Micro PCR mixture

cells (no.) vol (ul) HIV cells (no.) vol (ul) HIV
250,000 1000 +
25,000 1000 + 50,000 100 +
2,500 1000 + 5,000 100 +
250 1000 + 500 100 +
25 1000 + 50 100 -
2.5 1000 +/- 5 100 -
0.25 1000 - 0.5 100
0 1000 - 0.5 100 -
Endpoint for HIV/ml
PCR mixture (cells) 25 5000

performed in the conventional Perkin-
Elmer DNA amplifier. Using a Biosycler
oven (Bios Corporation, New Haven, CT)
we amplified HIV DNA and HLA-DQ-«
DNA over 30 cycles; each cycle provided
denaturation at 95°C for 30 sec, primer
hybridization at 55°C for 30 sec, and ex-
tension at 72°C for 60 sec. The final ex-
tension was performed at 72°C for 10
min. The supernatant obtained after a
2-sec microcentrifugation at 12,000 rpm
of the amplified product yielded suffi-
cient material for further processing to
detect HIV- and HLA-specific markers by
conventional methods.® The negative
control (Fig. 1, lane 1) contained the
PCR reagents alone. Separate positive
controls were not required in this exper-
iment because we were testing PBMC
populations that were spiked with
known numbers of HIV-infected ACH-2
cells.

In addition, we compared the sensi-
tivity of our protocol with that of the
conventional method using HIV-in-
fected cells (Table 1). The end point sen-
sitivity of HIV DNA detection by the
macro and micro PCR protocols was 25
and 5000 cells/ml in the respective PCR
mixtures. Thus, by testing the lysate
from 50 million cells, we have increased
the probability of detecting HIV in se-
ronegative individuals by 200-fold. We
detected HIV signals in all four aliquots
of cell lysates, each of which contained
an estimated 2.5 ACH-2 cells per 12.5 x
10° PBMCs. Thus, our protocol detected
10 copies of HIV in 50 x 10° PBMCs. In
a total of 35 experiments, only one of the
quadruplicate aliquots containing the ly-
sate equivalent to an estimated one
ACH-2 cell in 12.5 x 10° PBMCs showed
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the HIV signal (Fig. 1). We did not detect
the HIV signal in lysates containing less
than one (estimated) ACH-2 cell per 50 X
10 PBMCs. Thus, we conclude that the
detection limit of our protocol was be-
tween 1 and 10 copies of HIV per 50 X
10® PBMCs. Using this protocol we tested
141 pools of PBMCs with each pool con-
taining a total of 50 x 10° PBMCs pooled
from 50 seronegative donors, and none
showed the HIV DNA signal. We in-
cluded a positive control containing ly-
sate of 50 x 10° PBMCs that was spiked
with ~10 ACH-2 cells. Thus, by increas-
ing the volume of individual PCR mix-
tures, our protocol effectively screened
50 x 10° million (4 x 12.5 X 10°) PBMCs
from seronegative donor blood for HIV
DNA. Although nonspecific amplifica-
tion was not a problem, modification of
the protocol to include the hot start
technology'® may facilitate further the
testing of even larger numbers of PBMCs.
Our success with the quantitation of the
PCR signal (Table 1) suggests that the
protocol could be applied to quantitate
the viral load in therapeutic efficiency
trials.”
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