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Disrupted homeostasis of Langerhans cells and interdigitating dendritic cells

in monkeys with AIDS

Michael I. Zimmer, Adriana T. Larregina, Cielo M. Castillo, Saverio Capuano lll, Louis D. Falo Jr, Michael Murphey-Corb,

Todd A. Reinhart, and Simon M. Barratt-Boyes

Langerhans cells (LCs) are immature den-
dritic cells (DCs) that capture antigen in
peripheral tissues and migrate to drain-
ing lymph nodes, where they reside in the
paracortex as interdigitating dendritic
cells (IDCs). We studied the effects of
simian immunodeficiency virus (SIV) on
LCs and IDCs during different stages of
infection in monkeys. LCs isolated from
monkeys with acute SIV infection or ac-
quired immunodeficiency syndrome
(AIDS) underwent normal maturation in
vitro, including a switch in chemokine
receptor expression from CCR5 to CXCR4
and CCR7. LCs migrated normally from
skin in response to contact sensitization

in monkeys with acute SIV infection. In
contrast, LC migration from skin was
markedly impaired during AIDS, associ-
ated with a reduction in antigen-bearing
DCs in draining lymph nodes. Lymph
node IDCs were increased in proportion
during acute SIV infection and had an
activated phenotype, whereas during
AIDS IDCs had significantly lower expres-
sion of CD40 and the activation marker
CD83. IDCs from monkeys with AIDS were
refractory to stimulation with CD40L, dem-
onstrating a functional consequence of
decreased CD40 expression. SIV-infected
DCs were not identified in lymph nodes or
skin of monkeys with AIDS, suggesting

an indirect effect of infection on DC popu-
lations in vivo. These data indicate that
DCs are mobilized to lymph nodes during
acute SIV infection, but that during AIDS
this process is suppressed, with LC mi-
gration and IDC activation being im-
paired. We conclude that disruption of DC
homeostasis may play a role in immuno-
pathology induced by human immunode-
ficiency virus and suggest that therapeu-
tic strategies targeting DCs may have
limited efficacy during AIDS. (Blood. 2002;
99:2859-2868)
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Introduction

Dendritic cells (DCs) perform a principal role in the generation afiodes®® Clustering of DCs with T cells facilitates HIV replica-
immunity to infectious agentsimmature DCs, such as Langerhangion,}%-12 potentially through the actions of DC-specific, ICAM-3—
cells (LCs), are strategically positioned in peripheral epitheligirabbing nonintegrin (DC-SIGN), which captures HIV virions at
tissues where they function to internalize and process antigetiee DC surface via viral gp128Although the role of DCs in HIV
Recognition of inflammatory mediators induces a program of DZansmission has been relatively well elucidated, the effect of HIV
maturation, including a switch in chemokine receptor expressiamfection on DC function has been less well defined. Loss and
and a change in function to a potent antigen-presenting cell (AP@yssfunction of circulating DCs during HIV infection have been
Immature DCs express CC chemokine receptors CCR1, CCR&ported, including both CD1tanyeloid and CD11c plasmacy-
CCRS5, and CCR®6, which bind inflammatory chemokines thaoid subsetd*1”However, few studies have focused on the effects
recruit DCs to inflamed tissués. On maturation DCs express of HIV infection on DCs in the lymph node, the primary site of both
CCR7, which confers responsiveness to the lymph node—homibBg/T-cell interactions and virus replicatiéA® One study reported
chemokines CCL19 (macrophage inflammatory protgd) &d that DCs in spleens of HIV patients express lower levels of the
CCL21 (6 Ckine), and allows DCs to localize to the T-cell-riclactivation marker CD83 relative to uninfected controls, suggesting
paracortex of the lymph nodé. Within the lymph node, these that DCs residing in lymphoid tissues are affected by HIV
mature DCs are referred to as interdigitating dendritic celisfection!®In addition, to our knowledge, no studies of the effects
(IDCs)8 IDCs are characterized by expression of the activatiasf HIV infection on DC trafficking, a fundamental DC function,
marker CD83 and by high-level expression of major histocompdiave been reported. LC density and the capacity of LCs to stimulate
ibility complex (MHC) class Il and the T-cell costimulatoryrecall T-cell responses appear to be normal during acquired
molecules CD40 and CD8&%. immunodeficiency syndrome (AID$}:22 However, studies in the
The DC interactions with microbes, in particular human immumurine Rauscher leukemia virus model showed that infected mice
nodeficiency virus (HIV), have been the subject of intense researtiave impaired LC responsiveness to contact sensitization, indicat-
Studies in the rhesus macaque/simian immunodeficiency viring a possible role for altered DC migration in viral pathogen€&sis.
(SIV) model demonstrate that DCs can serve as the initial targets of To determine whether disruption of normal DC homeostasis in
viral infection and can route captured virions to draining lympkkin and lymph nodes could play a role in the immunopathogenesis
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of HIV infection, we studied DC populations in the rhesusearch and Reference Reagent Program, Rockville, MD), or CCR?7,
macaque/SIV model. Our data suggest that DCs are recruitedfatpwed by goat antimouse antibody conjugated to allophycocyanin
lymph nodes during acute SIV infection, but that during AIDS, théViolecular Probes, Eugene, OR). Alternatively, an allophycocyanin-

capacity for epidermal LCs to migrate from skin and to reside §8"ugated mAb to CD11c (S-HCL-3; BD Pharmingen) was used. Cells
activated IDCs in lymph nodes is significantly impaired. were blocked with normal mouse serum, stained with mAb to CD20-FITC

(2H7; BD Pharmingen) and CD83-PE, and fixed in 1% paraformaldehyde
(PFA). For detection of p55, cells were fixed in 4% formaldehyde in
hypertonic phosphate-buffered saline and permeabilized with 0.1% sapo-

Materials and methods nin, then stained with a pure mAb specific for p55 (55K-2; Dako,
Carpinteria, CA), followed by secondary antibody. Cells were then labeled
Animals with mAb to HLA-DR-FITC or CD20-FITC and CD83-PE. Samples were

Adult th latta)of both d analyzed on a FACSCaliber flow cytometer (Becton Dickinson, Mountain
ult thesus macaquegMacaca mulatta)of both sexes were use " View, CA) using CellQuest software (Becton Dickinson).

Monkeys were infected as part of other studies with SIV/DeltaB670, a
primary SIV isolate* Twelve animals infected with SIV were killed at 2 Cloning of monkey CD83

weeks after infection and categorized as having acute SIV infection. Seven

SlV-infected animals were allowed to progress to AIDS. Seven animalgessenger RNA (MRNA) was isolated using the PolyATract System 1000
were used as SIV naive controls. Animals were housed and all in viyPromega, Madison, WI) from lymph node single-cell suspensions follow-
experiments were performed at the University of Pittsburgh Primateg 48 hours of culture in the presence of CD40Lu@mL). Amplification
Facility for Infectious Disease Research using protocols approved by themonkey CD83 was achieved using the Access reverse transcription—

institutional animal care and use committee. polymerase chain reaction (RT-PCR) system (Promega) with primers
designed from the human CD83 sequence. The forward primer, CD83F.FL,
Epidermal cell suspensions was 3-GCGCCTCGAGGCACCATGTCGCGCGGCCTCCAG;and the

. ) _reverse primer, CD83R.FL, was'-&CGCCTCGAGCTACCAGTTCT-
Epidermal cell suspensions were generated from freshly harvested skinas-116TG.3. RT-PCR was performed using a thermocycler (Progene:
describeé and maintained on ice for immunostaining. Alternatively, Ce”Srechne Princeton, NJ) with 1 cycle of 48°C for 45 minutes, 1 cycle of 940(:'
were cultured in complete medium (RPMI 1640 containing 10% fetal caff; 5 minutes. 40 ;:ycles of 94°C for 30 seconds. 55°C for 1 minute. and
serum [Biqwhitta!(er, V\{alkersvil!ej MD]L-qutamipe, sodium pyruvate,. 68°C for 2 minutes, then 1 cycle of 68°C for 7 minutes. RT-PCR products
nonessential amino acids, penicillin-streptomycin, 10 mM Hepes [Lifgq 0 analyzed on a 1% agarose gel. The appropriate band was gel-purified
Technol_og|es, Grgnd Island, NY], _and _2-mercaptoethano| [S|gma, St Louﬂﬁzing the QIAEX Il gel extraction kit (Qiagen, Valencia, CA) and
MO]) with and without soluble, trimeric CD40L (.g/mL, provided by 1a_cjoned into the pGEM-T vector (Promega). The cloned product was
Immunex, Seattle, WA) for 48 hours prior to immunostaining. sequenced using an automated sequencer (ABI 3700 DNA Analyzer;

Applied Biosystems, Foster City, CA) and confirmed to be monkey CD83
Contact sensitization and quantification of LC migration based on homology with the human CD83 sequence.

The method of contact sensitization was adapted from a previous #&port.
Fluorescein isothiocyanate (FITC, Sigma) was dissolved ina 1:4.5:4.5 solution®
dimethyl sulfoxide-acetone-dibutyl phthalate at 100 mg/mL, anduBWas | sjty hybridization alone or in conjunction with immunohistochemistry
applied to the inguinal region of anesthetized monkeys. Skin biopsies from g performed as describ&For detection of SIV mRNA, riboprobes

painted_and coqtralateral regions were coIIectep! 24_1 to 48 hOl_Jl’S Igter §P&re derived from the SIVmacBK28 molecular clone spanning portions of
generation of epidermal sheets, as descAb&lantification of LC migration thegag, pol, envandnefgenes. For detection of CD83 mRNA, riboprobes

$itu hybridization and immunohistochemistry

following contact sensitization was determined as descfibed. were generated from the cloned monkey CD83 plasmid described above.
Tissues were prepared for immunohistochemistry as desclif@gosee
Lymph node processing tioned tissues were fixed in cold 2% PFA, pretreated with hydrogen

. . . . . &eroxide, and blocked with 5% normal goat serum. Sections were incubated
Single-cell suspensions of lymph node tissues were generated using digestl

with collagenase D as previously descriB&éor experiments using CD40L, WRH MAD to (.:D83 or PS5 overnight, followed by_ _b|ot|nylaFed goat
) ) ) ) antimouse antibody (Biosource), and then streptavidin-peroxidase (Vec-
lymph node cells were cultured in complete medium with and without CD40L for S . . . .
. e » . . rStain Elite ABC kit, Vector Laboratories, Burlingame, CA). Ab staining
16 hours before immunostaining. Additionally, tissues were prepared for in si

u ; oo - )
hybridization and immunohistochemistry, as described below. was detected using diaminobenzidine substrate (Vector Laboratories).

Tissues were counterstained with hematoxylin (Fisher Scientific,

. . Pittsburgh, PA).
Flow cytometric analysis

For immunostaining of epidermal suspensions, cells were incubated witkatistical analysis

pure monoclonal antibody (MAb) to CCRY7 (a gift from Lijun Wu’Comparisons between normal monkeys and monkeys with acute SIV

(L:?A\UKOSIS(‘:;:TEQ@%‘fMA)'FCDIiaM(StKQI; 2% ghatrmlngi/?, San DI_'eg?nfection, and between normal monkeys and monkeys with AIDS, were
). or (183 gi r_om ran _or ar . ystems, |nne_apo 'S: done by comparing means using a Studdest. Data are presented in the
MN) followed by goat antimouse antibody conjugated to FITC (Blosourc&?ext as mean SEM

Camarillo, CA). Cells were then labeled with phycoerythrin (PE)—
conjugated mAb to CD86 (FUN-1; BD Pharmingen), CD83 (HB15a.
Coulter-Immunotech, Miami, FL), CXCR4 (12G5) or CD80 (BB1; both

from BD Pharmingen), and biotinylated mAb to HLA-DR, followed by Results

streptavidin-Cy5 (Amersham Pharmacia, Piscataway, NJ). Lymph node

cells from animals that had been treated with FITC were labeled with mAt>S from monkeys with AIDS undergo normal
to CD83-PE and biotinylated CD86, followed by streptavidin-Cy5. Fofaturation in vitro

analysis of IDCs, lymph node cells were incubated with FcR—BIockinq_ . . .
Reagent (Miltenyi Biotec, Auburn, CA) before staining with pure mAbl O begin to evaluate the effects of SIV infection on LCs, we
specific for human CD4 (M-T477; BD Pharmingen), CD1a, HLA-DRJENerated epidermal cell suspensions from normal monkeys,
CD86, HLA-A, -B, -C (B9.12.1), CD40 (mAb89; both from Coulter-and monkeys with acute SIV infection or AIDS, and did a
Immunotech), DC-SIGN (DC4; National Institutes of Health AIDS Rephenotypic analysis of LCs. Cells were gated for expression of
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from skin biopsies and labeled with mAb to HLA-DR to identify
LCs. The density of LCs in the skin of monkeys with AIDS
(137.0= 23.0 HLA-DR* cells/high-power field [hpf]) was similar
to that of normal animals (1398 17.0 HLA-DR" cells/hpf,
Figure 2A,C,G), consistent with previous repc@siowever, LC
density in skin of monkeys with acute SIV infection was signifi-
cantly lower than normal (114.8 4.0 HLA-DR* cells/hpf,P < .04,
Figure 2AE). To evaluate the functional capacity for LCs to
migrate, we used the FITC contact sensitization model. In the
mouse, application of FITC to the skin results in a rapid exodus of
LCs from skin with a peak appearance of FITDCs in the lymph
node at 24 hour¥ We labeled epidermal sheets harvested 24 to 48
hours after sensitization with mAb to HLA-DR to detect LCs. In
response to contact sensitization, the majority of LCs migrated
from skin of normal animals (67.5% 7.4%, Figure 2B,D) and
from skin of monkeys acutely infected with SIV (58.0%6.6%,
Figure 2B,F). Similar to normal monkeys and monkeys with acute
SIV infection, LCs in monkeys with AIDS underwent a morpho-
logic change after contact sensitization, losing the characteristic
stellate morphology (Figure 2H). However, the proportion of LCs
migrating from skin in monkeys with AIDS was significantly
reduced to 9.4% 2.3% P < .0007, Figure 2B,H). Migration did
not appear to be delayed because the density of LCs in the skin was
similar at 24 and 48 hours after sensitization (data not shown). To
determine whether impaired LC migration resulted in a reduction
in DCs localizing to draining lymph nodes, we harvested inguinal
lymph nodes 24 to 48 hours after application of FITC and labeled
cell suspensions with mAb to CD86 and CD83 to detect BOhe
Figure 1. LCs from monkeys with AIDS undergo normal maturation in vitro.

) . _ ' proportion of FITC DCs in draining lymph nodes after FITC
Single-cell suspensions were generated from skin of a monkey with AIDS and labeled

with mAb before and after 48 hours of culture with CD40L (3 pwg/mL). (A) Cells were painting was similar in normal monkeys (9-6&/02-9%) and
gated for expression of HLA-DR to identify LCs (R1). (B) Expression of surface ~monkeys with acute SIV infection (10.4% 3.2%, Figure 2B).
antigens on freshly isolated LCs (closed histograms) and cultured LCs (open However, the proportion of DCs that were FIT@ monkeys with
histograms). Representative histograms of 3 separate experiments using different P . .
animals are shown. Similar results were obtained with samples from healthy AIDS was S|gn|f|cantly r_educed as Compared to naive animals
monkeys and monkeys with acute SIV infection. (2.2%=* 1.2%,P < .05, Figure 2B). These data demonstrate that
DCs from monkeys with AIDS have a defect in their ability to

HLA-DR (Figure 1A), and the expression of a panel of surfacgaffic from peripheral tissues to draining lymph nodes.
molecules was determined. Freshly isolated LCs from all

animals expressed high levels of HLA-DR and CD1a, but lacked .
expression of CD83 (Figure 1A,B). LCs lacked expression &t"enotype of IDCs in normal rhesus monkey lymph node

CD80, but expressed moderate levels of CD86. Consistent Wiy en the defect in LC migration in monkeys with AIDS, we next
the phenotype of an immature DC, LCs expressed high levels @fiormined if there were changes to lymph node IDCs during SIV
CCRS, and lacked expression of CCR7 and CXCR4 (Figure 1B)¢ection, We characterized IDCs in lymph nodes of healthy
To determine if LCs could mature in response to mat“ra“%onkeys by flow cytometry using CD83 as a lineage marker
stimuli in vitro, we cultured cell suspensions with and withoUufacause it is uniformly expressed on IDCs in humans and
CD40L, which results in rapid maturation of D€In response monkeys231To delineate DCs from activated CD88 cells* we

to culture with CD40L, LCs from all monkeys, regardless ofjqple-labeled cells with mAb to CD20. A distinct population of
disease status, underwent a pronounced phenotypic maturaiiis was identified that expressed high levels of CD83, but was
(Figure 1B). Mature LCs had reduced levels of CD1a and weggpoq- (Figure ). CD83" DCs expressed uniform and high
positive for the activation marker CD83. Expression of CD8fLyels of MHC class | and I, and the costimulatory molecules
and CD86 costimulatory molecules was markedly up-regulatethsg ang cD86, consistent with professional APC (Figure 3B).
(Figure 1B). Finally, the chemokine receptor profile switched tﬂdditionally, CD83 DCs were positive for the DC-specific

a loss of CCR5 and a gain in expression of CCR7 and CXCR&lecules p55 (fascifand DC-SIGN (Figure B),3 and lacked
consistent with DC maturatiohCulturing DCs in the absence of expression of lineage markers CD14, CD3, and CD16 (data not
CD40L generated cells with an intermediate phenotype (data "é‘ﬁown). CD83 DCs uniformly expressed the lymph node—homing
shown). These data indicate that LCs isolated from the skin elflemokine receptor CCR7 and were CDdnd CD11¢ (Figure
monkeys with acute S.IVinf.ectio.r? orAIDS have a normal abilit)éB), but lacked expression of the plasmacytoid marker CD123
to respond to maturation stimuli in vitro. (data not shown). Interestingly, CD83ymph node DCs were
heterogenous for expression of CD1a, indicating that there are
phenotypic subsets of CD83DCs in the monkey lymph node
(Figure 3B). By in situ hybridization and immunohistochemistry,
We next sought to determine if there were any effects of SIZD83" DC resided in the T-cell-rich paracortex of lymph nodes
infection on LC function in vivo. Epidermal sheets were separatgfigure 4C,F,I). These data indicate that high-level expression of

R1
—

LCs fail to migrate from skin in response to contact
sensitization in monkeys with AIDS
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Figure 2. Impaired migration of LCs from skin to lymph nodes in response to
contact sensitization in monkeys with AIDS. (A) Epidermal sheets were isolated
from skin biopsies from normal, healthy monkeys (N, n = 5), and monkeys with acute
SIV infection (A, n = 9) or AIDS (n = 3) and labeled with mAb to HLA-DR to identify
LCs. Mean LC density was calculated from 12 high-power fields. LC density is
decreased in acute SV infection as compared to normal animals (P < .04). (B) FITC
was applied to inguinal skin and 24 to 48 hours later skin and draining lymph nodes
(LN) were harvested to determine LC migration and the proportion of FITC* DCs in
lymph nodes. On the left is shown the proportion of LCs migrating from FITC-painted
skin as compared to control contralateral skin in healthy monkeys (n = 4), and
monkeys with acute SIV infection (n = 9) or AIDS (n = 3). LC migration in monkeys
with AIDS is reduced as compared to normal animals (P < .0007). On the right,
FITC* DCs as a proportion of all CD86* CD83* lymph node DCs in healthy monkeys
(n = 4) and monkeys with acute SIV infection (n = 7) or AIDS (n = 3) are shown. The
proportion of FITC* DCs in lymph nodes of monkeys with AIDS is lower than that in
healthy animals (P < .05). Each circle represents a different animal, and horizontal
bars represent the mean. (C-H) Representative images of HLA-DR*™ LCs in
epidermal sheets of unpainted control skin (C,E,G) and FITC-sensitized skin (D,F,H)
from healthy monkeys (C-D), and monkeys with acute SIV infection (E-F) or AIDS
(G-H). Original magnification X 400.
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Figure 3. CD83 expression identifies activated IDCs in lymph nodes of healthy
monkeys. Lymph node single-cell suspensions were stained with mAbs to CD20 and
CD83 and a panel of cell surface markers. (A) Dot plot of CD83 versus CD20. IDCs
(R1) express high levels of CD83 and lack expression of CD20. (B) Phenotype of
CD83* IDCs gated on R1. Fluorescence due to isotype control mAb was limited to the
first decade. Data are representative of 12 experiments.

CD83, and lack of expression of CD20, defines a mature and
activated IDC in the normal monkey lymph node.

Contrasting effects of SIV infection on CD83  *IDCs

depending on stage of infection

We next compared lymph node IDCs from healthy monkeys and
monkeys with acute SIV infection or AIDS. We found a significant
increase in the proportion of activated IDCs in monkeys with acute
SIV infection (0.72%:=* 0.12%) relative to uninfected animals
(0.41%= 0.10%, P < .05, Figure 4A,B). In contrast, monkeys
with AIDS had a trend toward a loss of activated IDCs in lymph
nodes as compared to naive controls, although this was not
statistically significant (0.21% 0.05%, P = .05, Figure 4A,B).

To analyze the effect of SIV infection on IDCs in more detail, we
did tissue-based analysis of CD88ells. CD83 in situ hybridiza

tion in healthy monkeys revealed strong reactivity in the paracortex
and dim reactivity in the follicles, consistent with staining of IDCs
and B cells, respectively (Figure 4C). Intense staining of IDCs in
the paracortex was seen in animals acutely infected with SIV
(Figure 4D). In contrast, in monkeys with AIDS, minimal CD83
reactivity was seen in the paracortex, whereas CD83 expression
was readily detected associated with B-cell follicles (Figure 4E).
Similarly, by immunohistochemistry, an abundance of large, CD83
cells was detected in the paracortex of normal monkeys and
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Figure 4. CD83 * IDC in lymph nodes are increased A CD83+ IDC

during acute SIV infection but decreased during

AIDS. (A-B) Lymph node cell suspensions were labeled 1.5

and gated for expression of CD83 and lack of CD20 to p<0_05

identify IDCs. (A) Proportion of CD83" IDCs in unsepa- 1.2

rated lymph nodes from normal, healthy monkeys (N, @

n = 5), and monkeys with acute SIV infection (A, n = 7), E 0.9t

or AIDS (n = 5). IDCs are increased in acute SIV infec- 8 ' @

tion (P < .05) and decreased during AIDS (P = .05) as E O —

compared to normal, healthy animals. Each circle repre- n 0.6 0 p=0.05

sents a different animal, and horizontal bars represent the ML @

mean. (B) Representative dot plots of lymph node cells 0.3} a 0O O

from healthy monkeys and monkeys with acute SIV

infection or AIDS; 400 000 events are shown to highlight 0.0 . , %
N

IDCs (R1). (C-K) CD83 expression in lymph nodes was

analyzed using in situ hybridization for CD83 RNA (C-E) A AIDS

and immunohistochemistry for CD83 protein (F-K) in SIV Status

healthy monkeys (C,F,), and monkeys with acute SIV

infection (D,G,J), or AIDS (E,H,K). Infrequent CD83" B

IDCs in monkeys with AIDS are highlighted by arrows. F

indicates follicle. Ab staining was detected using strepta- ~ _ Norm al ACUte Al DS

- -

vidin-peroxidase with diaminobenzidine substrate. Tissues
were counterstained with eosin (C-E) or hematoxylin
(F-K). Original magnification X 100 (C-E), X 200 (F-H),
X 600 (I-K).

monkeys with acute SIV infection (Figure 4F,G,l,J). However, iinfection. Expression of CD40, HLA-DR, CD86, and CCR7 on
the animals with AIDS, the paracortex contained few CD83Cs  IDCs was similar in healthy monkeys and monkeys with acute SIV
(Figure 4H,K). Results from these experiments suggest that ID@gection (Figure 5). However, IDCs from lymph nodes of monkeys
are either depleted from the lymph nodes during AIDS or asgith AIDS had significantly lower mean expression of the costimu-
present at a lower activation state with decreased expressigfbry molecule CD40 (2447.2 321.2) as compared to IDCs from
of CD83. healthy monkeys (3371.8 227.6,P < .03, Figure 5). This indi-
cated that the CD83IDCs in monkeys with AIDS are presentin a
lower state of activation than in healthy monkeys. Expression of
HLA-DR and CD86 was not significantly reduced (Figure 5).
We next compared the expression of costimulatory and MHC clalsgportantly, expression of CCR7 was normal in monkeys with
Il molecules on CD83 IDCs during different stages of SIV AIDS (Figure 5), indicating that IDCs that were present in the

IDCs from monkeys with AIDS have reduced expression
of CD40 and fail to respond to CD40L
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CD40 CD86 sion of the activation marker CD83. Immunofluorescence labeling
6000 2000 of lymph node cells from healthy animals revealed a discrete
| population of HLA-DR' p55* cells (Figure A), representing
4000 | g p<0.03 | 1500 g o 0.26%= 0.06% of all lymph node cells (Figure 7B), approximat-
=) g 8 1000 } o 3 ing the proportion of IDCs identified by staining with CD83. A
2000 | 8 ° § =] similar proportion of HLA-DRi p55* DCs was seen in lymph
o 500 o o 8 nodes of animals with acute SIV infection (0.320.05, Figure
oL, , , ol . ) ) 7B). As in our previous experiments using mAb to CD83 and
N A ADS N A AIDS CD20, the propqrtlon of IDCs in the Iymph. nodes of anlmgls_ with
AIDS as determined by HLA-DR/p55 staining was not statistically
different from that of healthy animals (0.13%0.03%,P = .05,
12000 HLA-DR 600 CCR7 Figure 7B). The mean expression of CD83 on HLAIDFS5" IDC
in lymph nodes of helathy monkeys (314t017.2) and monkeys
9000 - o with acute SIV infection (335.% 51.0) was similar. However, the
=y § 8 400 - O o expression of CD83 on IDCs of monkeys with AIDS was signifi-
6000 o 8 8 8 cantly reduced as compared to that in healthy animals (263.3.8,
— 2000 1 8 200 | 1 § P < .0005, Figure 7B). To confirm these findings, we did in situ
L 0 hybridization analyses using antisense probes to CD83 and then
= oL L . 0 L— . . double-labeled sections with mAb to p55. The vast majority of
N A ADS N A AIDS IDCs in the lymph node paracortex of healthy monkeys double-
labeled with p55 and CD83, indicating that IDCs are predomi-
SIV Status nantly activated in healthy animals (Figure 7C). Similarly, p55
Figure 5. IDCs from lymph nodes of monkeys with AIDS have reduced IDCs in the lymph nodes of monkeys with acute SIV infection were

expression of CD40. Lymph node cell suspensions from normal, healthy animals (N, . . .
n = 5) and monkeys with acute SIV infection (A, n = 7) or AIDS (n = 5) were labeled CD83" (Flgure 7D)' In contrast, pSSIDCS IaCklng éxpression of

and gated on expression of CD83 and lack of CD20 to identify IDCs, and the mean ~CD83 predominated in the lymph nodes of monkeys with AIDS
fluorescence intensity (MFI) of a panel of cell surface markers was determined. CD40  (Figure 7E). Together, these data indicate that there is not an

expression on IDCs from monkeys with AIDS is reduced as compared to normal absolute loss of IDCs from Iymph nodes during AIDS. but that
animals (P < .03). Each circle represents a different animal, and horizontal bars !

represent the mean.

CD83" IDC

lymph nodes had the appropriate chemokine receptor expression
for localization to the paracortex, consistent with the immunohisto-
chemistry data (Figure 4). The lower expression of CD40 on IDCs
of monkeys with AIDS suggested that these cells may have a
suboptimal response to CD40L expressed by activated T cells in the
paracortex. To test this directly, we cultured lymph node cell
suspensions in CD40L and studied the activation of IDCs as
measured by CD83 expression. The proportion of CD83Cs X
from lymph nodes of healthy monkeys increased in response to 0.0 L 1 L 1 1 L
overnight culture and to addition of CD40L, indicating an increase F 0 01 03 10 3.0
in the proportion of activated IDCs (Figure 6). The proportion of
lymph node IDCs expressing CD83 in monkeys acutely infected CDA4OL (ng/ml)
with SIV was high in fresh samples (Figure 6), consistent with our i
earlier findings (Figure 4). Interestingly, this proportion did not 60 CD83" B Cells
increase in response to CD40L treatment, indicating that IDCs in
this group of animals may be maximally activated. In contrast, the 50F
proportion of CD83 IDCs from lymph nodes of monkeys with 40
AIDS was similar to that of normal monkeys in fresh samples but
did not increase with overnight culture, and only marginally 30F
increased in response to CD40L (Figure 6). The proportion of B 20k
cells expressing CD83 increased markedly in all animals regardless
of disease status, indicating that B cells in animals with AIDS have 10
a normal response to activation stimuli (Figure 6). These results 0 1 1 1 1 1
indicate that the lower level of CD40 on IDCs during AIDS has F 0 01 08 1.0 3.0
functional consequences impairing the activation of IDCs.

CD40L (ng/mL)

Percent

Percent

IDCs from monkeys with AIDS are less activated than those Figure 6. Lymph node IDCs but not B cells from monkeys with AIDS are

from healthy animals refractory to CD40 ligation.  Lymph node cell suspensions were analyzed before or
following overnight culture with or without CD40L (3 wg/mL) and stained for
To further address the possibility of differential activation of IDCsxpression of CD83 and CD20. The proportions of IDCs (CD83* CD20", top) and

during SIV infection. we labeled Iymph node cell Suspensions Wiﬁ.?tivated B cells (CD83" CD20", bottom) from freshly isolated lymph nodes (F), or
! lymph node cells cultured with or without CD40L from healthy monkeys (open

mAb t-O HLA-DR and p55' molecules congtltutlvely eXpressed b uares, n = 3), and monkeys with acute SIV infection (open circles, n = 3) or AIDS
IDCs in the lymph nodé?34We then examined IDCs for expres (filled triangles, n = 3) are shown. The data represent mean = SEM.
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Figure 7. 1DCs from lymph nodes of monkeys with AIDS have markedly reduced expression of CD83. (A-B) Lymph node cells were stained with mAb to HLA-DR and p55
to identify IDCs. (A) Representative dot plots of cells from a healthy monkey stained with mAb to HLA-DR and either control IgG (left) or p55 (right), showing the HLA-DR" p55+
IDC (R1). (B) On the left the proportion of HLA-DR" p55+ IDCs in unseparated lymph node cells from normal, healthy monkeys (N, n = 5) and monkeys with acute SIV infection
(A, n = 5) orAIDS (n = 5) is shown. IDCs are reduced in lymph nodes of monkeys with AIDS relative to normal animals (P = .05). On the right, the expression of CD83 on the
HLA-DRM p55* IDCs is shown. Expression of CD83 is reduced in monkeys with AIDS compared to normal animals (P < .0005). Each circle represents a different animal, and
horizontal bars represent the mean. (C-E) Lymph node sections from a healthy monkey (C) and monkeys with acute SIV infection (D) or AIDS (E) were labeled by in situ
hybridization for CD83 RNA (black) and immunohistochemistry for p55 protein (brown). Double-labeled IDCs in lymph nodes of the healthy monkey and monkey with acute SIV
infection are highlighted by arrows. Ab staining was detected using streptavidin-peroxidase with diaminobenzidine substrate. Tissues were counterstained with hematoxylin.

Original magnification X 600.

resident IDCs have a poorly activated phenotype and a®V-infected monkeys with AIDS using antisense probes for SIV

functionally impaired.

Impaired migration and activation of DCs in AIDS are indirect

results of SIV infection

RNA revealed substantial reactivity in the paracortex (Figure 8A).
Additionally, we found diffuse labeling in the follicles, likely
representing free virus captured by follicular DCs and B célls.

Control sense probes did not react with the tissues (Figure 8B).

We next sought to determine whether the impaired DC migratiddouble labels of SIV RNA and p55 mAb were used to determine
and activation observed during AIDS was the direct result of Sithe relationship between SlVv-infected cells and IDCs.pB&s
infection. In situ hybridization analysis of lymph nodes fromand SIV-infected cells colocalized in the paracortex, but we were

Figure 8. IDCs are closely associated with
SIV-infected cells in the lymph node paracor-
tex. (A-B) In situ hybridization for SIV RNA using
antisense (A) and control (B) sense probes on a
lymph node of a monkey with AIDS. (C) In situ
hybridization for SIV RNA (black) was combined
with immunohistochemistry for p55 protein (brown)
to identify IDCs. Arrow identifies SIV RNA in a
follicle. (D) Higher power image of the boxed area
in panel C highlighting p55* IDCs in close proxim-
ity to SlIV-infected cells (arrows). F indicates fol-
licle. Ab staining was detected using streptavidin-
peroxidase with diaminobenzidine substrate.
Tissues were counterstained with hematoxylin.
Original magnification X 100 (A,B), X 200 (C), and
X 400 (D).

%20z dunr g0 uo 3senb Aq Jpd'6582020808U/6952891/6582/8/66/4Pd-al01ie/poO0|q AU SUONElIgNdYSE//:d}Y Wolj papeojumog



2866  ZIMMER etal BLOOD, 15 APRIL 2002 - VOLUME 99, NUMBER 8

not able to detect cells that were Si\and p55, indicating that increased intensity of staining in tissues was not the result of an
DCs in the sections examined were not productively infectédcrease in CD83 expression on individual IDCs, because expres-
(Figure 8C,D). The close proximity of IDCs and Si\¢ells in the sion of CD83 on HLA-DRI p55* cells was not increased above
paracortex is consistent with infected cells being T c€fs®®No  that of normal monkeys. The recruitment of DCs to lymph nodes
SIV+ cells could be identified in skin sections by in situ hybridizamay reflect the normal innate immune response to the acute phase
tion in animals acutely infected with SIV or with AIDS (data notof a systemic viral infection, which would serve to maximize
shown). These data indicate that SIV infection alters IDC activati@timulation of antigen-specific T cells. Although the proportion of
and LC migration in vivo by an indirect mechanism. IDCs in lymph nodes of monkeys with AIDS was not statistically
different from that of healthy monkeys, there was a significant
down-regulation of activation and costimulatory molecules on
IDCs in this group. Notably, IDC expression of CD83 was virtually

Discussion

absent in tissues and was decreased by more than 30% as measured

In this study, we characterized the effects of SIV on DC populatiof®y flow cytometry. CD83 was recently characterized as an adhesion
in monkeys at different stages of infection. We focused on Lcgolecule of the Siglec (sialic acid-binding Ig-like lectin) family,
which represent immature antigen-capturing DCs within the peript99esting a role inintercellular communicatiy@ur findings are
ery, and IDCs, the mature antigen-presenting counterpart ifh 2greement with those of a previous study in HlV-infected
secondary lymphoid tissues. We found that the capacity fBRUENtS, which indicated thatHLA_-D*RIlneag_e DCs of_ spleens
immature DCs to migrate from peripheral tissues and localize fid not up-regulate CD83 expression following overnight culture,
draining lymph nodes was significantly impaired during AIDSI? contrast to normal dono#8Although the expression of HLA-DR
Moreover, IDCs in monkeys with AIDS were poorly activated iind CD86 on IDCs was not altered during AIDS, the reduction in
situ and were refractory to activation in vitro. These results suggésP40 expression had clear functional consequences, as determined
that there is a systemic defect in the normal homeostasis Bf & suppressed activation response to CD40L treatment. This
immunostimulatory DCs during AIDS. finding is particularly significant given that the majority of IDCs in
The LCs from SIV-infected monkeys had a characteristihe lymph node during AIDS is nonactivated, and therefore should
immature phenotype when freshly isolated from skin and réeadily respond to stimulation through CD40L. It is likely that
sponded to in vitro stimuli by up-regulating costimulatory andhe changes observed in lymph node DCs result at least in part
activation molecules and undergoing a switch in chemokiry reduced migration of LCs from the periphery, given that
receptor expression. Despite the normal response to maturaffiigen-exposed LCs localize to the lymph node paracortex as
stimuli, and a normal density of LCs in skin, there was a significaﬁptiVatEd IDCs.
impairment in LC migration in monkeys with AIDS, associated The mechanism whereby SIV infection impairs LC migration
with a decreased proportion of antigen-bearing DCs in |ympq\nd IDC activation is currently not known. Infection of DCs with
nodes. These data indicate that there was no inherent defect ingageral pathogens, includingypanosoma cruzand herpes sim-
capacity of LCs to mature and suggest that the microenvironmdt€x Vvirus, has been shown to directly inhibit DC maturatibf.
of the skin may be important in suppressing LC migration. The ladkroductive infection of DCs with HIV has been reported by several
of migration was not due to a lack of constitutive chemokined)vestigator&#4 however, the proportion of infected DCs in
because in situ hybridization analyses revealed normal levelstigsues during AIDS is relatively min8@545as we found in our
CCL19 and CCL21 in lymph node paracortical regions (data ngtudy. Hence, direct infection of DCs with SIV is unlikely to
shown). Using the same model of FITC sensitization in the mougplain the broad effects on epidermal and lymph node DCs seen
Gabrilovich et al showed that infection with Rauscher leukemi@uring AIDS. Numerous SlIV-infected cells, presumed to be T cells,
virus, an immunosuppressive retrovirus, can similarly suppress Wre closely associated with IDCs in lymph nodes, and conse-
migration from skir?® These workers suggested that the block iguently direct contact between infected cells and DCs could affect
LC migration was due to a down-regulation of adhesion moleculRC activation. Indeed, adherence Bfasmodium falciparur
expression, although this was mininialln the murine model of infected erythrocytes to DCs has been shown to directly impair DC
schistosomiasis, the presence $¢histosoma mansomiarasites Maturation and immunostimulatory functiéh.However, such
within the epidermis impedes tumor necrosis faatetriggered interaction could not account for the profound disruption to LC
migration of LCs through production of prostaglandif$n HIV ~ migration, given the lack of SIV-infected cells in the skin. In a
infection, virus-infected cells could potentially impair LC migra-model of measles virus infection in mice, viral proteins, in the
tion from skin through the effects of viral gp120 on immaturébsence of viral replication, suppressed DC function by binding to
DCs37 However, we were not able to detect virus-infected cells iviarious cell surface receptots However, although the surface
the skin of monkeys with AIDS, consistent with reports in the HI\glycoprotein gp120 of HIV interacts with several receptors on DC,
literature3839 and a direct role of SIV in impairing LC migration there is no indication that gp120 directly impairs DC function,
seems unlikely. other than inducing DC chemotax¥%A more plausible scenario to
The finding of decreased LC migration from skin, together witkxplain the observed defect in DC homeostasis during AIDS may
a decrease in antigen-bearing DCs in draining lymph nodéd® the effect of immunosuppressive cytokines. Up-regulation of
prompted a thorough characterization of lymph node IDCs duringterleukin 10 (IL-10) production by HIV-infected monocytes has
SIV infection. Our results indicate that SIV infection has contrasbeen demonstratétiand been proposed to play an important
ing effects on IDCs depending on the stage of infection. Durinigdirect role in HIV immunopathogenesi$.IL-10 treatment of
acute SIV infection, there was an increase in the proportion otiltured DCs strongly reduces their immunostimulatory function,
CD83" IDCs in lymph nodes as compared to naive control@ssociated with inhibition of expression of CD®3mportantly,
associated with reduced LC density in skin, suggesting mobilizarxonkeys with AIDS have been shown to have increased levels of
tion of DCs to lymph nodes. This was supported by intense stainifig:10 RNA in lymph nodes as compared to contrgisupporting a
of the paracortex with antisense probes to CD83 RNA. Thele for IL-10 in suppressing IDC activation. Moreover, IL-10
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knockout mice have enhanced migration of epidermal LCs fronot be optimal for therapeutic vaccination during AIDS because

skin in response to contact sensitizat®suggesting that increasedtransfected DCs may not migrate from skin or be activated

levels of IL-10 in AIDS may impair LC migration in vivo. To appropriately in draining lymph nodes. It will be critical to

address this hypothesis further, we are currently characterizing tietermine if the disruption to DC homeostasis is corrected by

cytokine milieu in the skin of monkeys with AIDS. treatment with antiretroviral drugs, which will likely be part of any
The defects to DC populations in skin and lymph nodeisnmunotherapeutic regimen for AIDS. Importantly, the destruction

described here could play a role in the immunopathogenesistofthe follicular DC network in lymph nodes noted during AIDS in

AIDS in a number of important ways. LCs present in epithelidhumans is reversed by therapy with antiretroviral dréfgs.

tissues may encounter invading opportunistic pathogens normally,

but antigen-loaded DCs will not leave the epithelium appropriately

for trafficking to draining lymph nodes. Hence, the number of IDCs
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