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Figure 2 .

	

Dendritic cells and T cells migrating from cadaver-derived
skin are functional. (A) Graded doses of irradiated skin cell emigrants
(APC) were cultured for 6 d with 1 .5 X 105 T cells from another individ-
ual . The MLR was monitored by [3H]TdR incorporation during the last
8 h of culture . Representative data (mean cpm ± SEM of triplicate cul-
tures from three similar experiments) illustrate the similar MLR stimula-
tory capacities of skin cells from surgical (live donor, --E]-- ) and cadaver
(,A-) specimens . Control cultures of the highest dose of stimulator or
responder cells alone exhibited minimal [sH]TdR uptake : cadaver emi-
grants, 1,564 ± 243 ; surgical emigrants, 1,244 ± 245 ; T cells, 725 ± 86 .
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cutaneous dendritic cells to replicate HIV-1 upon contact
with syngeneic memory T cells .

Cadaver Skin Is Similar to Surgical Skin as a Source of Den-
dritic Cells and T cells . Preliminary experiments revealed
that viable cells could migrate from the skin if they are cul-
tured up to 72 h after death . Functional capacity was signif-
icantly reduced, however, if the cultures were begun >36 h
after death (MLR, stimulation, proliferation to mitogens ;
data not shown) . We restricted our work to cadaver speci-
mens that were obtained <36 h after death . An average of
52,000 ± 5,300 leukocytes emigrated per square centime-
ter of skin (mean ± SEM from the first 11 experiments) .
This is comparable to the yields from surgical specimens
(57,000 ± 6,200/cm2) .
To examine the phenotype ofthe emigrated cells, partic-

ularly the activation state of the T cells that had bound to
the dendritic cells (Fig . 1 A, arrows), we immunolabeled
cytospins . To illustrate the results from a large number of
antibodies, some of the results are shown (Fig. 1) . The ca-
daver skin emigrants contained two populations : large, ir-
regularly shaped, HLA-DR' CD3- dendritic cells (Fig . 1
A) and small- to medium-sized CD3 + HLA-DR- T cells .
CD1a expression by the dendritic cells was heterogeneous,
ranging from undetectable to strong. The dendritic cells
stained for B7-1 /CD80 (Fig . 1 C, B7-2/CD86, and IL-2
receptor/CD25 . Both dendritic and T cells stained for
LFA-3/CD58 . Most T cells stained for CD45RO, and
<5% had detectable CD45RA (Fig . 1, D and E), whereas
the dendritic cells exhibited variable (undetectable to moder-
ate) CD45RO labeling (Fig . 1 D) . None of the emigrated
cells expressed the Ki-67 antigen of cycling cells (Fig . 1 F)
(14), or the CD62L or L-selectin homing receptor .
FRCS" analyses were also carried out using PE-labeled

anti-HLA-DR (to distinguish dendritic cells from T cells)
plus a panel of mAbs and an FITC label to phenotype the
two cell types . The results were identical to those reported
from migrants from live donor skin (10) . In brief, the den-
dritic cells expressed high levels ofclass I and II MHC prod-
ucts, as well as many costimulatory and adhesion molecules
(CD11a and CD11c, CD29, CD54, CD58, and CD80) . Both
CD4+ and CD8+ T cells were present, and these expressed
the memory phenotype CD45RA-l-eak, CD45RO', and
LFA-3+ . The T cells had minimal levels of the activation
markers HLA-DR, CD25, and CD80.
The funcitonal capacity of the dendritic cells in the ca-

daver skin cell emigrants was assessed by their ability to
stimulate proliferation of T cells in the allogeneic MLR. A
fixed number of T cells were cultured with a range ofdoses
of irradiated skin cell emigrants (from live and cadaver do-
nors) . Fig. 2 A shows data from one of three representative

(B) Cytospins were prepared from emigrants cultured for 3 d with either
Con A, SEE, IL-2, or medium. Cell activation was assessed by staining
with an mAb specific for the Ki-67 nuclear antigen in cells cultured with
medium (top) or Con A (bottom) . Ki-67' lymphocytes (arrows) are rare
when cells are cultured in medium without stimulant, but they are abun-
dant with a stimulant . X300 .
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Triplicate samples of4 X 104 skin cell emigrants were cultured in me-
dium alone (None) or with 3 pg/ml Con A, 2 ng/ml SEE, or 10% IL-2 .
DNA synthesis was measured by the amount of [3H]TdR incorporated
in the final 8 h of the 3-d cultures . Results from one ofthree similar ex-
periments are provided [mean cpm ± SEM] . Cycling T cells were also
identified by Ki-67 staining. At least five fields of 200 cells were
counted and the results were expressed as the percentage ofKi-67' cells
(mean ± SEM) .

experiments . Irradiated cells from live or cadaver donors
were potent stimulators for T cell proliferative responses .

Cadaver-derived skin cell emigrants were also cultured
with several T cell stimuli : SEE, Con A, and IL-2 . After 3 d
of culture, proliferative responses were measured using two
methods, [3H]TdR uptake and expression of the Ki-67 cell
cycle antigen . Each stimulus induced strong responses (Fig .
2 B and Table 1) comparable to results with cells from live
donor skin cell emigrants (10) . In the absence of stimulus,
<2% of the cells were in cell cycle . We conclude that the
cells that emigrate from cadaver skin are immunocompe-
tent mixtures ofdendritic cells and nonactivated memory T
cells .

Cadaver-derived Skin Cell Emigrants Support Replication of
HIV-1 . Cadaver-derived skin cells supported HIV-1 rep-
lication in a manner similar to that of cells from live donor
specimens . Our protocol was to add HIV-1 for 90 min at
0.05-0.1 MOI, wash, and culture for 16-108 h . The extent
of infection was determined by measuring the level of
proviral DNA by PCR amplification of HIV-1 gag-specific
DNA sequences . For two SI isolates of HIV-1, virus bur-
den increased from 100 to -104 copies per 5 X 104 cells
within 4-5 d (Fig . 3) . The kinetics of infection with the
NSI isolates was slower than that with SI isolates (10-100
copies per 5 X 104 cells after 4 d ofculture ; not shown, but
see below), but at later time points high virus copy num-
bers were observed . To ensure that the infection was not
being stimulated with mitogen or IL-2 that could have
been carried over from the cultures used to prepare virus,
we studied two isolates that had been separately grown in
CEM cells (without SEE or IL-2) and in SEE-induced T
blasts and IL-2 . In a separate experiment (not shown), in-
fection kinetics similar to those in Fig. 3 were observed
when the B 11/88 SI isolate was prepared in either T blasts
or CEM cells . Therefore, several isolates of HIV-1 replicate
vigorously in mixtures of dendritic cells and T cells, but ex-
ogenous stimuli appear to not be required.

Comparison ofInfection ofSorted Dendritic Cells and T Cells,
and Their Mixtures .

	

In previous studies, we showed that
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Figure 3.

	

Primary HIV isolates replicate in skin cell emigrants obtained
from cadaver donors. Cutaneous emigrants were pulsed with 0.05-0.1
MOI of the SI isolates B 11/88 or C 2/86 and cultured for up to 5 d.
DNA was extracted from cells at 16, 22, 39, 63, 86, and 108 h after expo-
sure to the virus. HIV gag (gag) and HLA-DQ (DQ) DNA sequences
were amplified by PCR from each sample. Amplified products from one
of two similar experiments are presented. The controls in this and other
figures are graded doses ofACH-2 cells (0 = -, 10° = 0, 10 1 = 1, 10 2 =
2, 10 3 = 3, 104 = 4) mixed with 105 copies ofHLA-DQ .

dendritic cell-T cell conjugates, but not purified dendritic
cells or T cells, were productively infected by the long-
standing lab isolate of HIV-1, IIIB (12) . The infectivity of
sorted dendritic cells, T cells, and dendritic cell-T cell con-
jugates was tested with more recently derived NSI and SI
isolates . Each cell fraction was exposed to virus, washed,
and cultured for 36 h . HIV-1 gag sequences were amplified
by PCR and virus levels assessed in each cell fraction rela-
tive to two types of controls: resting T cells or SEE-
induced T blasts (Fig. 4, rT, TB) . When cells were exposed
to either NSI (B 5/85; Fig. 4 A) or SI (B 11/88 ; Fig . 4 B)
HIV-1, the conjugate fraction exhibited the strongest HIV-1
DNA signal 36 h after adding virus (>100 and >1,000
copies per 5 X 104 cells for NSI and SI isolates, respec-
tively) . The level of infection in mixtures of cutaneous leu-
kocytes was often comparable to that seen with activated T
blasts . Free dendritic cells and T cells, however, had only
<100 copies per 5 X 104 cells (Fig . 4, A-C.
To prove that the PCR signals were caused by infection

rather than by carryover of DNA in the virus preparation
(21), replicate cultures were set up in which AZT was in-
cluded to block reverse transcription . AZT markedly
blocked infection with both NSI and SI isolates (Fig. 4, A
and B) . The infection in the dendritic cell fraction was also
sensitive to AZT (Fig. 4 C; compare "-" and "+"), indi-
cating that reverse transcription can be completed in this
population .

Productive Infection with HIV-1 Requires CD4+ but Not
CD8+ T Cells . Productive infection was monitored by
measuring the release of RTase into the medium. With all
five viral isolates, including the Ba-L monocytototropic
isolate (22), sorted dendritic cells and sorted T cells did not
support a productive infection, but their mixtures were
comparable to bulk unsorted populations (Fig . 5) . Given
that both CD4+ and CD8+ T cells could conjugate to den-

Table 1 .

Stimulus

Proliferation of Cadaver-derived

[3H]TdR incorporation

Cutaneous T Cells

Percent Ki-67+

None 1836 ± 208 1.8 - 0.4
IL-2 29,849 i- 1117 14 .1 ± 1 .9
SEE 50,936 ± 1776 35 .2 ± 2.1
Con A 119,238 ± 6057 60.3 ± 3.0
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Figure 4 . HIV-1 infection is
greatest in dendritic cell-T cell con-
jugates and is blocked by AZT. (A
and B) Emigrated skin cells (BULK),
the sorted cell subsets (T, T cells ;
DC, dendritic cells ; DC-T, dendritic
cell-T cell conjugates), resting pe-
ripheral blood T cells (rT), and SEE-
activated T blasts (TB) were exposed
to the NSI isolate B 5/85 (A) and
the Sl isolate B 11/88 (B) from the
same patient . The cells were exposed
to virus for 90 min in the presence
(+) or absence (-) of 10 N.M AZT
and then cultured for another 36 h
before preparing the lysates and am

plifying HIV gag and HLA-DQ DNA sequences . Resolved PCR prod-
ucts are representative of three similar observations . (C Sorted dendritic
cells were depleted of contaminating conjugates using anti-CD2-coated
magnetic beads and exposed to the B 11/88 isolate in the presence (+) or
absence (-) of AZT. 36 h later, the DNA was prepared and HIVgag
(gag) and HLA-DQ (DQ) DNA amplified . Similar reductions in the
HIVgag signals by AZT treatment (from 100 to < 10 gag copies) of either
dendritic cells or T cells (not shown) have been observed in six separate
experiments .
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dritic cells, it was possible that either could signal dendritic
cells to become permissive to HIV-1 . When the mixtures
were separated into CD4+ and CD8+ subsets, however,
only the former were active, and the infection was blocked
by AZT (Fig . 5, A and B) .

Either the Cutaneous T Cell or the Dendritic Cell Can Ini-
tiate Productive Infection . The ability of the individual cell
subsets to initiate active infection was examined by expos-
ing sorted dendritic cells or T cells to HIV and then re-
combining them with non-HIV-pulsed T cells and den-
dritic cells, respectively. Bulk cells and the sorted cell
fractions were monitored in parallel during a 7-9 d period
by measuring the RTase activity in the culture superna-
tants . Productive infection was initiated when either the
dendritic cells or the T cells were pulsed with virus (Fig . 5
C; DC-HIV and T-HIV), but again both cell types were
required for productive infection .
The infection transmitted was also cytopathic . When

dendritic cells were pulsed with virus and mixed with T
cells that were not pulsed with virus, syncytia formation
took place within 3-4 d (Fig . 5 D) . As shown in earlier
work (12), most of the new viral protein synthesis, as de-
tected by the anti-p24 mAb to an HIV-1 gag component,
took place in syncytia rather than free cells (Fig. 5 D) .
We considered the possibility that small numbers of den-

dritic cell-T cell conjugates could contaminate the purified
cell types and be responsible for virus carriage . However,
only rare conjugates were detected under the hemocytom-
eter (0-1 .5%) and by FRCS® analysis (10, 12) . We also de-
pleted conjugated T cells from the dendritic cell prepara-
tion by adsorption on magnetic Dynabeads coated with
anti-CD2 . Depletion with anti-CD2 greatly reduced the
infection when applied to mixtures of dendritic cells and T
cells (from 10 3 down to <10 HIV copies ; data not shown),
but not when applied to the purified dendritic cells (Fig. 4
C) . Furthermore, magnetic bead depletion did not interfere
with the ability of the cells to introduce infectious virus
(see Fig. 7, A-C) . To minimize the possibility of dendritic
cell-T cell conjugate contamination, sorted fractions were
routinely magnetic bead depleted .

Infectivity of HIV-Pulsed Dendritic Cells Is Long Lived and
AZT Sensitive . To distinguish active infection ofthe den-
dritic cell from carryover of virus into the coculture, our
approach was to test whether the ability ofthe virus-pulsed
cells to introduce infectious virus was sensitive to AZT
treatment . Since reverse transcription can take a day or
more to complete (23-25), we studied the infectivity ofvi-
rus-pulsed cells that had been cultured for up to 1 .5 d in
the presence or absence of AZT before mixing with non-
HIV-pulsed T cells .

First, we carried out experiments to evaluate the extent
to which the carryover of AZT (after washing o£ the cells)
could block replication . HIV replication in the cutaneous
dendritic cell-T cell environment was sensitive to very low
levels of AZT. When skin cell emigrants were exposed to
B 11/88 HIV for 90 min and then cultured in the presence
oftitrated doses of AZT, as little as 0.01 and 0.1 pLM AZT
significantly inhibited infection at 1 .5 and 9 d, respectively
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(Fig . 6 A) . These results underscore the importance of re-
moving residual AZT in the coculture experiments . To
control for AZT carryover, dendritic cells cultured for up
to 1 .5 d with or without 10 RM AZT were washed six
times in Eppendorf tubes and added to HIV-pulsed skin
cell emigrants . Compared to using fewer washes (data not
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Figure 5 .

	

Either dendritic cells or T cells can provide infectious virus
to the permissive environment created by CD4+ (but not CD8+) T cells
and dendritic cells . (A and B) Free dendritic cells (DC) and T cells (7)
were isolated from the emigrated cell suspension (Bulk) . A portion of the
T cells were sorted into CD4+ (CD47) and CD8+ (CD8T) T cells. Un-
sorted bulk skin cells, sorted free dendritic cells, sorted T cells, and nux-
tures of dendritic cells with either total T cells (DC + 7), CD4+ T cells
(DC + CD47), or CD8- T cells (DC + CD87) were pulsed with 0.05-
0 .1 MOI of the NSI B 5/85 isolate with (+) or without (-) AZT treat-
ment . The cells were cultured for up to 9 d and the RTase activity was
measured . Data are expressed as the mean cpm/lt,l (± SEM) ofculture su-
pernatant (A) . The effect of AZT treatment is shown at day 7 (B), but
identical effects of AZT were observed at all time points . (C T cells (7)
and dendritic cells (DC) were sorted from bulk emigrated skin cells
(Bulk) . Bulk cells, sorted dendritic cells, sorted T cells, or mixtures of the
two (DC + 7) were pulsed with 0.05-0.1 MOI o£ B 11/88 SI isolate.
The cells were washed thoroughly . In the case of the sorted dendritic cells
and T cells, HIV-pulsed dendritic cells were also mixed with unpulsed T
cells (DC-HIV + 7) and vice versa (T-HIV + DC . Productive infection
was measured by the release of RTase activity into the supernatants over
the next 9 d of culture . Representative observations for four similar ex-
periments are presented. (D) Sorted dendritic cells were exposed to the B
11/88 HIV-1 isolate, mixed with non-pulsed T cells, and cultured with
(+) or without (-) AZT for 4 d . Cytospins were immunostained for ex-
pression of HIV p24 antigen . Expression of p24 was observed on multi-
nucleated syncytia, but not on free dendritic cells (arrows) . This syncytium
is one of the largest observed, containing >35 nuclei. Fields representa-
tive of three experiments are shown. X 300 .
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