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Dramatic increase in lymph node dendritic cell number during infection by
the mouse mammary tumor virus occurs by a CD62L-dependent
blood-borne DC recruitment

Pilar Martin, Sara Ruiz Ruiz, Gloria Martinez del Hoyo, Fabienne Anjuére, Héctor Hernandez Vargas,

Maria Lopez-Bravo, and Carlos Ardavin

Despite the information dealing with the
differential phenotype and function of the
main mouse dendritic cell (DC) subpopu-

lations, namely, CD8 «a~ and CD8a* DCs,

their origin and involvement in antiviral
immune responses in vivo are still largely
unknown. To address these issues, this
study used the changes occurring in DC
subpopulations during the experimental
infection by the Swiss (SW) strain of the
mouse mammary tumor virus (MMTV).
MMTV(SW) induced an 18-fold increase in

by anti-CD62L treatment, concomitant
with the presence of high numbers of
DCs in the outer cortex, in close associa-
tion with high endothelial venules. These
data suggest that the DC increase caused
by MMTV(SW) infection results from the
recruitment of blood-borne DCs via high
endothelial venules, by a CD62L-depen-
dent mechanism. In addition, skin sensiti-
zation assays indicate that MMTV(SW)
infection inhibits epidermal Langerhans
cell migration to the draining lymph node.

MMTV(SW)-induced expansion of the dif-
ferent DC subsets support the hypothesis
that CD8 ~ and CD8* DCs represent differ-
ent maturation stages of the same DC
population, rather than myeloid- and lym-
phoid-derived DCs, respectively, as previ-
ously proposed. Finally, the fact that DCs
were infected by MMTV(SW) suggests
their participation in the early phases of
infection. (Blood. 2002;99:1282-1288)

lymph node DCs, which can be blocked Moreover, data on the kinetics of © 2002 by The American Society of Hematology

Introduction

Dendritic cells (DCs) play a central role in the immune system dumnfirmed by a recent article by Merad efalie showed that the
to their main function as initiators and regulators of antigerl-N-restricted CD8' DC population derived from LC%> On the
specific antiviral T-cell responses and in the pathogenesis ofbasis of these previous data on LN DCs and using the dramatic
variety of viruses, such as human immunodeficiency virus (HIVEhanges occurring in the draining popliteal LNs (PO-LNs) after
cytomegalovirus, measles virus, herpes virus, influenza virus, ainfection by the Swiss (SW) strain of the mouse mammary tumor
respiratory syncytial virus.However, little is known about the virus (MMTV),” we have extensively analyzed the mechanisms of
subpopulations of DCs involved in antiviral responses, the kineti&C recruitment during the inflammatory responses induced by a
of the variations of DC subpopulations, and, importantly, theiral infection as well as the relationships between the different DC
mechanisms of recruitment of DCs to the lymph nodes (LNS§uHbsets involved. The results presented here indicate that
during inflammatory responses driven by viral infections. On tHdMTV(SW) induces a strong migration of blood-borne CD8
other hand, despite the available information dealing with tHaCs to the PO-LNs via high endothelial venules (HEVs), providing
phenotype and function of the 2 main mouse DC subsets, namggﬁect evidence of DC recruitment to the LNs during an in vivo
CD8 and CD8 DCs, their involvement in antiviral immune Viral infection—driven inflammatory process. Moreover, our data
responses in vivo as well as their functional relationships and orighfongly suggest that LN CD8DCs originate as the result of CD8
remain largely unknown. up-regulation by LN CD8 DCs, supporting the view that these
Over the last years CD8and CD8 DCs have been ascribed tosubsets_ repre_sent different physiologic states of t_he same DC
the myeloid and lymphoid lineages, respectively, and consequerRgPulation. Finally, the fact that DCs become infected by
considered as independent DC categatidewever, more recently MMTV(SW) suggest their participation in the immune response
2 reports from our group and Dr Weissman's laboratory (Stanfoff@inst this virus.
University) have described the generation of both CR8d CD8&
DCs from a common lymphoid precurdar from either myeloid-
or lymphoid-committed precursofsThese results suggest that inMaterials and methods
fact CD8 and CD8 DCs might not represent independent cell
types, and in this sense we have previously reported that migratin‘;zﬁ‘p
or CD40L ligation—-induced Langerhans cell (LC) maturatiorrhe MMTV(SW) was purified from milk and titered as described previ-
involved CD8 up-regulatiof® In these reports, which have beernously® Eight- to 10-week-old BALB/c mice were given a 10Q- injection

erimental infection with MMTV(SW)
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of MMTV(SW), corresponding approximately to Girus particles, in the acetone-dibutyl phthalate on the hind footpad, and were analyzed after 3
hind footpad. At the indicated times, the PO-LNs and for polymerase chaidays for the presence of FITDCs in the draining PO-LNs.

reaction (PCR) studies also the mesenteric LNs (MS-LNs), were removed

and processed as indicated below. In this study mice were analyzed at digsv cytometry

1, 3, 6, and 10 after virus injection, corresponding to the key phases of virus ) ) o )

infection, that is, the peak of B-cell polyclonal activation, response of fAnalysis of PO-LN DCs was performed after triple staining with FITC-
cells specific for the superantigen encoded by MMTV(SW), MMTV(Sw)¢onjugated anti-CD11c (clone N418), phycoerythrin (PE)-conjugated anti-
infected B-cell differentiation into extrafollicular plasmablasts, and declingP8 (clone CT-CD8a, Caltag, San Francisco, CA), and biotin-conjugated

of the overall immune response against MMTV(SW) in the PO-LN&Nt-CD11b (Mac-1; clone M1/70), anti-DEC-205 (clone NLDC-145),
respectively:® anti-CD4 (clone GK1.5) or antileukocyte function—associated antigen

(LFA)-1a (clone FD441.8) followed by streptavidin-tricolor (Caltag).
LN DC isolation Blood DCs were analyzed after triple staining with FITC-conjugated
anti-CD11c, PE-conjugated antimajor histocompatibility complex (MHC)
The PO-LN and MS-LN cell suspensions were filtered through a stainleggsss | (clone M5/114.15.2, Pharmingen, San Diego, CA), and biotin-
steel sieve and washed twice in phosphate-buffered saline (PBS) SOIU'&‘Hﬁjugated anti-CD11b, anti-DEC-205, anti-GD&lone 53-6.72), anti-
supplemented with 3% fetal calf serum (FCS) and 5 mM EDTA (PBS-EDTAcpy.  anti-cD86 (B7-2; clone GL1, Pharmingen), anti-CD40 (clone
FCS). The cells were then resuspended in cold isosmotic Optiprep solut'p@K45)’ anti-F4/80 (clone C1.A3.1), or anti-CD62L (L-selectin; clone
(Nyegaard Diagnostics, Oslo, Norway), pH 7.2, density 1.061 ¥/cmyie|-14) followed by streptavidin-tricolor. Detection of FITCcells was
containing 5 mM EDTA to dissociate DC-lymphocyte complexes, and ghieved after double staining with PE-conjugated anti-CD11c (Pharmin-
very low-density cell fraction (1.061-density fraction), accounting fogen) and tricolor-conjugated anti-CBgCaltag). Analyses were performed
approximately 1% to 3% of the starting cell population, was obtainegh, 3 FACSort instrument (Becton Dickinson, Mountain View, CA).
by centrifugation at 1709 for 10 minutes, and washed twice in
PBS'EDTA'FCS' . ) ) Electron microscopy
A DC-enriched cell fraction was then obtained after depletion of T cells,
B cells, and granulocytes by treating the 1.061-density fraction for 5the PO-LNs were fixed with 1% glutaraldehyde and 1% paraformaldehyde
minutes at 4°C with a monoclonal antibody (mAb) mixture includingn 0.1 M pH 7.6 Sgrensen phosphate buffer for 2 hours at 4°C, postfixed
anti-CD3 (clone KT3-1.1), anti-B220 (clone RA3-6B2), and antigranulowith 1% OsQ in the same buffer for 1 hour at 4°C, dehydrated in graded
cyte antigen Grl (clone RB6-8C5). The unwanted cells were then remowaektone solutions, and embedded in Embed-812 (Electron Microscopy
magnetically after incubation for 30 minutes at 4°C with anti—rat Ilg—coatesciences, Washington, PA). Semithin sectiongu(t) were stained with
magnetic beads (Dynabeads, Dynal, Oslo, Norway) at a 7:1 bead-cell ratiuidine blue and photographed in a Zeiss Axioskop microscope (Zeiss,
Analysis of CD11c expression revealed that DC-enriched cell fraction®perkochen, Germany), and ultrathin sections (70-80 nm) were counter-
used for flow cytometric analysis, were composed of 50% to 80% DCs, sigined with uranyl acetate and lead citrate and examined with a Jeol 1010
shown in Figure 1A. electron microscope (Jeol, Tokyo, Japan).
For PCR experiments with day 2 PO-LNs or day 6 MS-LNs, DCs were
purified by magnetic cell sorting (MACS) with MACS separation column®CR analysis of DC infection by MMTV(SW)
(Miltenyi Biotec, Bergisch, Germany) after incubation of the DC-enriched . . o .
cell fraction with biotinylated anti-CD11c mAbs, followed by streptavidin-DNAISOIated from highly purified DCs, obtained from PO-LNs or MS-LNs

conjugated MACS microbeads (Miltenyi Biotec). After reanalysis, the D@t the indicated times, was ,amplified using the MMTV(SW) open reading
fraction had a purity of more than 98% (data not shown). frame (orf)—specific primers’5sTGG CAA CCA GGG ACT TAT AGG and

For PCR experiments with day 6 PO-LNs, CD8Cs were purified 3-GCG ACC CCC ATG AGT ATATTT, yielding a 316-kb PCR product.
with MACS separation columns after incubation of the DC-enriched cell CR Was performed on a GeneAmp PCR System 9700, using 2,5 U
fraction with biotinylated anti-CD& mAbs, followed by streptavidin- AmpliTaq Gold.p'olymerase per. PCR reaction (Perkin-Elmer, Foster City,
conjugated MACS microbeads; CDEDCs were purified with MACS CA). PCR conditions were 10 minutes at 95°C, followed by 40 cycles of 30
separation columns after incubation of the DC-enriched cell fractigifcOnds at 94°C, 30 seconds at 62°C, and 30 seconds at 72°C, and finally 7
(depleted of CD8 cells with Dynabeads) with biotinylated anti- minutes at 72°C. PCR products were analyzed on agarose gels stained with

CD11c mAbs, followed by streptavidin-conjugated MACS microbead$thidium promide and photographed with a Nikon Coolpix 950 digital
After reanalysis, these DC fractions had a purity of more than 98% (de&tgmera (Nikon, Tokyo, Japan).
not shown).

Blood DC isolation Results
Heparinized blood was incubated for 30 minutes at 4°C in an ammoniu
chloride potassium lysis buffer to remove red blood cells (RBCs), wash

twice in PBS-EDTA-FCS, and filtered through a stainless-steel Sieve'lj-uring the first week after injection of MMTV(SW) in the rear
cells, B cells, and granulocytes were depleted with magnetic beadsff)

anges in the PO-LN DC subsets after MMTV(SW) injection

described above; FACS analysis revealed that blood DC-enriched c§ tpad of BALB/c mice, important changes occurred in the

fractions, used for phenotypic analysis, were composed of more than 56@0atlve _proportlons corres_pondmg tQ thg different DC sgbsets
CD11c" cells, as shown in Figure 5A. present in the PO-LNs, as illustrated in Figure 1A. As previously

described for pooled peripheral LNS, DC subsets can be defined
Blockade of cell migration from the blood to the PO-LNs in the PO-LNs of control mice on the basis of the CD11c versus
Blocking of MMTV(SW)-induced blood cell migration via HEVs was CD8x expression, namely CD8 CD8", and CD8 DCs, which
achieved by intravenous injection of purified anti-CD62L (L-selectinfer-”'es‘:"nu:"d around 15%, 75%, and 10% of total PO-LN DCs,
antibodies (clone Mel-14), into mice that were injected 36 hours before wit§SPectively. Injection of MMTV(SW) determined a strong in-
MMTV(SW). These mice were analyzed 36 hours after anti-CD62crease in the percentage of both CD&nd CD8 subsets,
treatment, that is, at day 3 after MMTV(SW) injection. constituting around 70% and 25%, respectively, at day 6. This was
paralleled by a dramatic reduction in the percentage of €D&s
that constituted around 10% of total DCs at this time. The analysis
Control or MMTV(SW)-injected BALB/c mice received i 1% fluores-  Of the absolute DC number within each PO-LN subset (Figure 2)
cein isothiocyanate (FITC; Sigma, St Louis, MO) dissolved in 1l:tevealed that the variations in the relative proportion of these DC

LC migration assays
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control

A

B Figure 1. Changes in the PO-LN DC subsets after
MMTV(SW) injection. (A) CD11c versus CD8a profiles

SoRtrof 1 of PO-LN DC-enriched cell suspensions at the indicated
5%, - .
=1 times after MMTV(SW) injection. The relative percent-
ages represented by CD8~, CD8"M, and CD8" DC sub-
d1 sets within the total PO-LN DC population are indicated.
o (B) Variations in the expression of CD4 by PO-LN CD8~
DCs after MMTV(SW) injection. The percentage of CD4*
d3 cells within CD8~ DCs is indicated. Data are representa-
& tive of 4 experiments with similar results.
dé
m
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subsets induced by MMTV(SW) injection were the result of &y light and electron microscopy (Figure 3). DCs were almost
considerable augmentation of the CD8nd CD8 DC number undetectable in control PO-LN sections (not shown).

during the first week after injection, whereas the absolute number By day 10 an important reduction in all the DC subsets was
of CD8™ DCs did not undergo significant variations. By day 3detected, which corresponded to the extinction of the immune
approximately a 20- and 7-fold increase in CD&81d CD8 DC response against MMTV(SW), occurring during the second week
number was induced by virus injection. By day 6, the cell numbeifter virus injectiorY. Interestingly, the comparison of the increase
increase was 45- and 30-fold for CD&nd CD8 DCs, respec in the absolute number of CD8versus CD8 DCs revealed that
tively, corresponding to approximately an 18-fold increase in thfuring the first week the increase was higher for CQi8an for
total DC number at this time. Interestingly, the increase in thepg+ DCs, at all the time points analyzed. These data are in
absolute number of B cells and T cells was approximately 14- aggreement with other results presented later in this report support-
4-fold, respectively, at day 3, and 25- and 12-fold at day 6 (data n@j that CD8 DCs derive from the CD8DC subset.

shown). Therefore, the increase in the number of DCs, specially of The study of the kinetics of the different PO-LN DC subsets
the CD8 subset, induced by MMTV(SW) was significantly higheryiar MMTV(SW) injection described above was performed to-
than the increase of B or T cells, despite the fact that bpother with an analysis of the expression of a number of DC

lymphocyte subsets underwent a strong proliferative responggers that have been proven to be decisive in the definition of
during MMTV(SW) infection’® This increase in DC number was,5,se DC subpopulations, such as CD11b (Mac-1), DEC-205

concomitant with the presence of high numbers of DCs in the out@b4’ and LFA-141011Npo significant phenotypic differences were
cortex of the PO-LNs, in close association with HEVS, as re\’e""l‘?'n%ticed after virus challenge regarding these markers, except for

the expression of CD4 by the CD®C subset. As shown in Figure
% DCs DC number AN 1B, only a small proportion of CD8DCs were CD4 in resting
PO-LNs, but this marker was strongly up-regulated after
MMTV(SW) injection, up to 70% of the cells being positive for
this marker by day 6, as described for control CB®lenic DCZ

+ ;
LI Blockade of MMTV(SW)-induced increase of PO-LN DC number

by anti-CD62L treatment

© Because DCs are considered to be nondividing cells once they have
reached peripheral lymphoid organs, the increase in DC number
after MMTV/(SW) injection could reflect a massive entry of DCs to
the PO-LNs. The fact that this increase affected C&d CD8

DCs, but not CDB! DCs, which in the case of peripheral LN CD}8

DCs have been demonstrated to derive from epidermal “LCs,
indicated that MMTV(SW) injection most likely caused the

cD8™ DCs N

10000 — 20~

5000 10—

2500 recruitment of DCs from the bloodstream via HEVs. To test this
200 © hypothesis, 36 hours after virus challenge, mice were injected with
W ® purified anti-CD62L antibodies (clone Mel-14), which block
CD8'DCs o0 | ® leukocyte migration through HEV\8 These mice were analyzed 36
so00 | hours later, that is, at day 3 after MMTV(SW) injection. As
o . illustrated in Figure 4, anti-CD62L treatment caused an almost
c13610 c13610 13610 complete inhibition of the increase in CD&nd CD8 DC number
Days after MMTV(SW) injection induced by MMTV(SW), whereas the CD8DC subset remained
Figure 2. Kinetics of DC subpopulations during infection by MMTV(SW). unaffected. This result suggested that a massive entry of blood DCs

Histograms illustrate the variations in the relative percentage, absolute DC number, via HEVs responsible for the rise in PO-LN DC number, was
and increase in the absolute cell number (A) compared to control PO-LNs, in the . ’ . '
CD8~, CD8™, and CD8" DC subsets, at the indicated times after MMTV(SW) induced by MMTV(SW)' and revealed that this occurred by a

injection. Data represent the mean = SD (n = 4). CD62L-dependent mechanism.
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Figure 3. Microscopic analysis of PO-LN DCs after
MMTV(SW) injection. (A) Semithin section of the outer A [
cortex of the PO-LN at day 6 after MMTV(SW) injection :
showing a high number of DCs (encircled) around a HEV.
The luminal and basal surfaces of the HEV have been
marked with a large line. Cells migrating through the HEV
have been marked with a fine line. Note the presence of a
DC migrating through the HEV. Scale bar = 20 pm. (B)
Electron micrograph of an area similar to the box in panel
A, showing numerous DCs in the vicinity of a HEV. Note
their complex cell surface processes reflecting a highly
migratory state. Scale bar = 10 pm. (C) DC in contact
with the basal surface of a HEV. Enlargement of an area
similar to the box shown in panel B. Scale bar = 5 pm.

To further define MMTV(SW)-induced DC recruitment to theonly of CD8 DCs but also of the CD8 DC subset, our data
LNs, an analysis of blood DC phenotype was performed, becauseport the view that CD8DCs originate from CD8 DCs by a
to our knowledge mouse blood DCs had not been previoudi§jfferentiation or maturation process involving the up-regulation of
characterized. For this purpose, a DC-enriched cell suspension wasCD8 molecule.
obtained from BALB/c mice, after treatment of heparinized blood o . )
with lysis buffer, followed by magnetic bead depletion, as de'['h'b't'on of '_‘C m'_grat'on to the draining LNs during
scribed in “Materials and methods.” Blood DCs, defined AYMTV(SW) infection

CD11c" cells, displayed a pattern of cell surface marker expressigith regard to CD8! DCs, as mentioned above, this DC subset did

resembling that previously reported for spleen and LN CD8not undergo significant variations after MMTV(SW) injection and,
DCs?* that is, CD11b (Mac-1), DEC'ZOB?W: CD&", CD86 on the other hand, anti-CD62L treatment did not determine
(B7.2)", CD40", F4/80" (Figure 9. Interestingly, in contrast to sjgnificant variations in the absolute cell number within this

splenic CD8 DCs, blood DCs did not express CD4, and aboWiopulation. These data suggest that PO-LN ©DBCs do not
50% of them expressed CD62L. derive from blood-borne DCs, but rather that they gain access to the

In conclusion, because MMTV(SW) induced the entry to theo-| Ns via afferent lymphatics, in agreement with previous data
LN of blood DCs, negative for CD8, leading to an increase n@fom our group demonstrating that COBDCs located in auricular

LNs derive from ear epidermal LCs.
A cD8" DCs cD8™DCs CD8 DCs Total PO-LN

| " ——
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Figure 4. Blocking of DC migration via HEVs. (A) Histograms represent the
absolute cell number of PO-LN CD8", CD8™, and CD8~ DCs, as well as the total

number of PO-LN cell number, at day 1 or 3 after MMTV(SW) injection, and of mice —
injected intravenously with anti-CD62L mAb at day 1 after MMTV(SW) injection and Figure 5. Phenotypic analysis of blood DCs. Gray profiles correspond to the
analyzed at day 3. (B) Relative percentage of PO-LN CD8*, CD8", and CD8~ DCs expression of the indicated markers by blood DCs after gating for CD11c™* cells.

for the same experimental condition described for panel A. Data are representative of ~ White profiles represent control stainings. Data are representative of 5 experiments
2 experiments with similar results. with similar results.
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Al ————————— cpe+des DNA after integration in the target cell genome by PCR, using
f'n FITC* st = 12 primers specific for MMTV(SW). To address whether DCs were
infected during the early phases of the process of MMTV(SW)
FITC P — infection, when the first infected B cells can be deteéteO-LN
ad merencss  DCS were purified from mice injected 48 hours before with the
virus. To test whether CD8or CD8" DCs (or both) were infected,
e these DC subsets were purified from PO-LNs, 6 days after virus
e injection. Our results, shown in Figure 7, demonstrate that
MMTV(SW) DNA can be detected in DCs from day 2 PO-LNs,
S and in both CD8 and CD8 DCs isolated from day 6 PO-LNs, but
B | not in DCs isolated from day 6 MS-LNs, used as control DCs.
ST T These data support that DCs could participate in the first phases of
MMTV(SW) infection, as previously proposééFinally, the fact
FITC . coe'™pcs that both CD8 and CD8 DCs were infected at later phases of the
3d WF”C‘“""‘“ infection process, suggest that DCs could be involved in viral
+ MMTV transmission to the mammary gland, as described for extrafollicular
CDe"DCs plasmablasts.
,73% FITC*eelis =180

FITC ——

Discussion
Figure 6. Inhibition of LC migration by MMTV(SW). Contour plots correspond to

the PO-LN CD11c versus CD8 profiles of control mice or MMTV(SW)-injected mice, : : : _
analyzed 3 days after FITC-labeling of the hind footpad epidermis. The relative The immune response agalnSt MMTV involves a strong B-cell

proportion of CD8-, CD8™, and CD8* DC subsets is indicated. Histograms show ~ Proliferative response that determines the amplification of the few

FITC labeling of the indicated DC subsets after defining the corresponding gates in  initially infected B cells, required for an efficient infection process

the contour plots. The percentage and absolute cell number per PO-LN of FITC™ cells Ieading uItimater to the transmission of MMTYV to the mammary

is indicated for each DC population. Data are representative of 3 experiments with . . . .

similar results. gland and to the proger§.Previous studies using an experimental
MMTYV infection model, in which the immune response against

To test whether this was the case, the rear footpad of BALBMMTV can be analyzed in the PO-LNs after virus injection into the
mice was labeled with a FITC solution, and the PO-LNs analyzdtnd footpad of BALB/c mice, revealed that MMTV determined an
after 3 days. As expected, FIT@Cs were found mainly within inflammatory response in the PO-LN causing the influx of B and T
the CD&" DC subset (Figure /), where they represented up tocells from the bloodstream via HEVS.

45% of the cells (approximately 900 CI¥&ITC+ DCs per PO-LN In the present study, we have analyzed the behavior of the
in the experiment illustrated in Figure 6), confirming that thesBO-LN DC subsets during the infection by MMTV(SW). Injection
cells derived from LCs that had migrated to the PO-LN. The ¢D80f MMTV(SW) induced a massive increase in the number of DCs
DC population contained around 10% FIT€ells (approximately inthe PO-LN caused by the entry of blood-borne DCs. Although it
250 CD8 FITC* DCs per PO-LN in the experiment illustrated inhas been previously reported that Rauscher leukemia virus infec-
Figure 6), most likely corresponding to LCs that had reached tfien was accompanied by an increase in peripheral LN B@sy

LNs but had not up-regulated the CD8 molecule yet. Only 2%

FITC* cells were found within CD8 DCs, which probably

corresponded to FITC CD8™ DCs included in the CD8 DC

analysis gate. Interestingly, when this migration assay was pel

formed in mice that had been injected with MMTV(SW) prior to

FITC labeling of the epidermis, the proportion of FITOCs was

strongly reduced (Figure 6B), because only 7% and 3% FITC

cells were found within the CD8 and CD8-DC subsets, respec

tively (approximately 120 and 180 FITCDCs per PO-LN within

the CD&" and CD8 DC subsets, respectively, in the experiment

illustrated in Figure 6). No significant numbers of FIT€ells were

detected in these mice within the CD®C subpopulation. These

results suggest that MMTV(SW) injection created a blockade in

LC migration to the draining LNs. MMW(SW)

[7)]

(&

(]
=2
5 3
O w
o =

PO-LN DCs
PO-LN CD8- DCs
PO-LN CD8* DCs

PCR analysis of DC infection by MMTV(SW)

The data presented in this report revealed that during the infectio B_actin
by MMTV(SW), the PO-LN DCs underwent profound variations

involving a massive recruitment of DCs via HEVs. On the other

hand, in a recent report, the involvement of DCs in early phases cdays after MMTV 6 6 2 6 6
MMTV(SW) infection has been suggest&dalthough no direct injection

evidence of DC infection by MMTV has been reported yet. On the

basi of hese resuls we have investigated whether POLN DY PCrrsyies o sty MG 7o sives
become infected after MMTV(SW) injeCtion' For this purposepMMTV(SW) DNKusing spicific primers. Day 6 tot?;I PO—IYN cells and purFi)fied MS-LN
highly purified DCs were analyzed for the presence of MMTV(SW)cs were used as positive and negative controls, respectively.
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data provide the first evidence of a massive DC recruitment froBD8* DCs by a differentiation/maturation process, resulting in an
the blood to the LNs via HEVs driven by an inflammation/viraincrease of the CD8DC subset.
infection process. In addition, our blocking experiments using The concept that the generation of CDBCs is the result of a
anti-CD62L mAbs demonstrated that DC recruitment to the LNGD8~ DC maturation process, contrasts with the widely accepted
occurred by a CD62L-dependent mechanism, as previously sholypothesis that CD8and CD8 DCs might represent different DC
for lymphocytes and granulocyt&sbut not for DCs. Interestingly, lineages, specifically myeloid- and lymphoid-derived DCs, respec-
whereas DCs located extravascularly in lymphoid organs suchtagly. However, this concept has been recently challenged by our
the spleen, Peyer patches, and thymus do not express the hondata? demonstrating that both DC subsets can be generated from
receptor CD6214 which has been demonstrated to be involved ithe CD4°" lymphoid-committed precursor population. These data
leukocyte migration to peripheral LNs via HEWaround 50% of were subsequently extended in 2 recent reports showing that CD8
blood CD11¢ DCs expressed this molecule, which, as shown herend CD8 DCs could be derived from either lymphoid- or
participates in DC recruitment to the LNs. Concerning CD#nyeloid-committed precursof€® Consequently, these new data
expression, blood DCs are negative for this marker, whereas abmapen the problem of the correlation between mouse Caigl
70% of splenic DCs are CD#4 However, although control PO-LN CD8' DCs and their origin. In this sense, the possibility that CD8
CD8 DCs did not express CD4, this molecule was up-regulated IBCs could derive from CD8 DCs on maturation was proposed
these cells after MMTV(SW) injection, concomitantly with theirpreviously by Shortman and colleagues, but rapidly rejected due in
increase in cell number. These data may reflect a CD& part to the negative results obtained in experiments conducted to
differentiation or activation process that would involve CD4est whether CD8 expression could be induced in CDEs in
up-regulation. In this sense we have previously reported C4tro.1%17:21|n addition, the fact that in preliminary experiments
up-regulation by splenic CD8DCs during DC reconstitution after CD8" DCs but not CD8 DCs were found within the progeny of
irradiation and the down-regulation of CD4 by splenic CC#ter lymphoid precursors on transfer into irradiated recipients, led to the
culture in the presence or absence of mAbs against CD40 or CD48ncept that they represented unrelated DC subpopul&fions.
known to induce DC activatioh. Moreover, no experimental evidence refutes the hypothesis that
With regard to the different PO-LN DC subsets, in control mic€D8" DCs are a mature form of the CD8DCs, but rather a
the majority of DCs correspond to the LN-related subset of @D8number of experimental data support it. In this regard, it has been
DCs#17which has been claimed to derive from epidermal LCs ishown that splenic CD8DCs are located around the white pulp in
the case of peripheral LNs CP8DCs, and from intestinal lamina relation with the marginal zone, whereas CDBCs are found in
propria DCs for MS-LN CD8t DCs (F.A., manuscript in prepara the inner white pul@2 Interestingly, bacterial lipopolysaccharide or
tion). During the infection process by MMTV(SW) a strongsoluble Toxoplasma gonditachyzoite antigen (STAg), known to
increase in the absolute number of CD&d CD8 PO-LN DCs promote DC maturation, causes splenic CDBC migration
occurred, whereas the CI8DC subpopulation did not undergo toward the inner white pulp, where CB®Cs are locateé and
significant variations. This resulted in a progressive reduction this is paralleled by the up-regulation of DEC-288>described as
the percentage represented by this subset, and consequently atthendocytic receptor expressed in vivo or ex vivo by Cb8ét not
peak of the immune response against MMTV(SW), that is, by dayly CD8~ DCs!7 Similar observations, supporting the CD8 up-
after virus injection, CD8 DCs represented less than 10% of totategulation on CD8 DC maturation, were reported by analyzing
PO-LN DCs, whereas CD8and CD8 DCs constituted around Peyer patch CD8DC migration from the subepithelial dome to the
70% and 15%, respectively. In addition, experiments of CD62interfollicular T-cell areas, induced by intravenous administration
blocking did not affect the CD8 DC population, supporting that of STAg26 Therefore, the hypothesis of CD®C generation by a
these cells do not get access to the PO-LNs via HEVs, but rat@b8- DC maturation process involving the up-regulation of CD8
from the skin via afferent lymphatics, as proposed above. Our L€ strongly supported by the data presented here, and is further
migration studies confirmed this hypothesis and in addition sugtrengthened by the data reported above.
gested that MMTV(SW) infection caused the inhibition of epider- Finally, on the basis of a previous rep8rtlaiming for an
mal LC migration. In this regard, blockade of LC migration by viraessential role of DCs in the early phases of infection by
infection has been previously reported for Rauscher leukemia vilvbVITV(SW), we investigated whether DCs were infected by
infection® In conclusion, the increase in PO-LN occurring durindMTV. Our results revealed that DCs were infected by
MMTV(SW) infection affected the CD8and CD8 DC subsets, MMTV(SW) in the 48 hours after virus injection, providing the
but not CD&" DCs. In addition, for all the time points analyzed thdirst evidence of DC infection by MMTV. With regard to the
number of CD8 DCs was significantly higher than that of CD8 participation of DCs in viral infections, it has been demonstrated
DCs. On the other hand, our data support that this increase is that DCs play an essential role in the induction of the antiviral
result of the recruitment of blood-borne DCs, not expressing CDBymune response against HIV, by acting as initiators of the
via HEVs. In this sense, MMTV(SW)-induced DC recruitment tactivation of virus-specific T cells and more importantly, in HIV
the PO-LNs is probably under the control of chemokines involvedansport and disseminatidhln addition, DCs have been claimed
in inflammatory responses during viral infections, such as macrm-be involved in the pathogenesis/response to a variety of viruses,
phage inflammatory proteindd(MIP-1«), which has been demon- such as cytomegalovirus, measles virus, herpes virus, influenza
strated to mediate inflammatory chemotactic processes durivigus, and respiratory syncytial virddn this sense, the demonstra
viral infections!® Interestingly, immature DCs express the chemdion that PO-LN DCs are infected in the early phases of the
kine receptor for MIP-&, CCR5?! and it has been reported recentlyinfection by MMTV(SW) could be related with their presumed role
that CCR5 can trigger interleukin 12 production by mousef induction of the immune response against this virus, because
splenic DCs? DCs have been demonstrated to be capable of presenting efficiently
Taken together these data support the hypothesis that IMBATV(SW) superantigens to specific T cef82° Moreover, the
recruitment from the blood determined an augmentation of tliaect that both CD8 and CD8 DCs become infected by
CD8 DC subset, and subsequently that CIE8Cs would generate MMTV(SW) at later phases of infection, suggests that DCs could
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participate in the spreading of MMTV infection and subsequemechanisms involved in DC recruitment induced by MMTV and
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transmission to the mammary gland, which still remain specialtye role of DCs in the infection by this retrovirus.
controversial issues in MMTYV infection.

In conclusion, our data derived from the study of DCs during

the infection by MMTV(SW) provide the first evidence of DCAcknowledgments
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