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-1 INTRODUCTION
Dendritic cells (DCs) are bone marrow-derived professional antigen presenting cells,
capable of initiating T cell responses by taking up a diverse array of antigens and presenting
them to CD4 + and CD8 + T cells as peptides bound to MHC class I and 11 molecules,
respectively. These antigen-specific, adaptive responses are critical for resistance to
infections and tumors. Conversely, DCs can also generate regulatory T cells that suppress
activated T cells, a function of likely importance in autoimmunity and transplant rejection.
DCs are an attractive target for therapeutic manipulation of the immune system, to
enhance insufficient immune responses in infectious diseases and cancer, or attenuate
excessive immune responses in allergy and autoimmunity. There is a need to develop
strategies that can provide a robust protective/therapeutic immune response of optimal type
with minimal amounts of vaccine and limited boosting. Optimal targeting of antigen to DCs
and the induction of their maturation is important for any DC vaccination approach. The
vaccination schedule and path of DC migration following vaccination have yet to be
addressed and optimized.
Murine bone marrow-derived cells can be generated in large numbers and therefore are
optimal candidates to develop and characterize experimental DC - based vaccination. One
strategy for loading DC with defined antigens is the use of purified or recombinant proteins.
Efficient protein uptake by DC is associated with the immature phenotype; conversely,
effective presentation of the antigen for T cell activation requires fully mature DC. Antigenbearing DCs must leave peripheral tissue via afferent lymphatic channels and eventually
enter discrete regions of the secondary lymphoid organs, such as spleen and lymph nodes.
Although DC are known to interact with T cells and can migrate to T cell zones in secondary
lymphoid organs, DC have several direct effects on B cells as well.
Different
subpopulations of skin DC have been described, including epidermal Langerhans cell (LC)
and dermal-type DC. There are significant differences between these DC populations in
skin; among them is that only dermal-type DC have been found to stimulate naive B cells to
synthesize antibodies. B cell chemoattractant (BLC) and its receptor, CXCR5, have been
shown to play an important role in B cell homing. We hypothesized that regulated
expression of CXCR5 on migratory DC may play a role in driving these cells to the B cell
areas of secondary lymphoid organs.
Migration of dendritic cells after intravenous, intradermal or subcutaneous injection has
been assessed by using different tracing methods, such as membrane or cytosolic fluorescent
dyes or cells labeled with radionuclides such as Cr-51 or Indium-111. In most of these
studies the organs were removed at various times after injection of the labeled cells,
preventing long term in vivo follow up of migrating cells. Recently, high-resolution small
animal PET cameras were developed in order to detect and trace injected positron-emitting
radionuclides, conjugated to small biological molecules or cells, in vivo. This new
technique enabled us to design a novel method to label and follow BMDC in vivo.

AIMS
The general aim of our studies was to investigate murine BMDC as model APCs for
immunotherapy protocols. We used the soluble antigens hen egg-lysozyme and cytochrome
c to test the capacity of BMDC to prime CD4+ T cells in vitro and in vivo. We also tested
these cells in contact hypersentivity experiments. Langerhans cells were compared to
BMDC in regard to their protein and hapten priming capability. The migration of BMDC
upon subcutaneous injection was studied using flouorescent tracking and compared to
migratory DC. The chemokine receptor CXCR5 on migratory DC was studied. We
developed a novel positron emitting tomography method to follow BMDC migration in vivo.
1. To develop optimal BMDC culture and antigen pulsing method to maximize in vitro and
in vivo protein-, and hapten-presenting capacity to CD4+ T cells
Our goal was to find optimal culturing and antigen-pulsing conditions in order to obtain
highly mature BMDC capable to induce in vitro and in vivo antigen-specific proliferation of
C D 4 + T cells.
2. To investigate the differences between murine epidermal Langerhans cells and BMDC in
phenotype and antigen-presenting capacity
We used surface phenotyping with particular interest of costimulatory molecules and protein
and hapten presentation assays to assess differences.
3.. To assess whether murine BMDC efficiently present soluble proteins and haptenated
antigens to CD4+ T cells in vitro and in vivo?
We used in vitro proliferation assays and in vivo contact hypersensivity and delayed type
hypersensitivity experiments to answer these questions.
4. To assess whether there is cross-priming to CD4+ T cells in vivo
Our goal was to assess whether protein and hapten-pulsed BMDC able to immunize
allogenic host and by that determine whether proteins and haptens presented by injected
BMDC are taken up by host APC and presented to the host in an immunogenic manner?
5. To assess the migratory properties of BMDC
Our goal was to show that injected BMDC migrate to the draining lymph nodes
6. To determine the differences in the migratory properties and chemokine receptor profile
between BMDC, LC and migratory DC
Our goal was to show that migDC express CXCR5 mRNA, migrate to the B cell areas of
draining lymph nodes and respond to BCL in vitro.
7. To develop an imaging method to detect migration of BMDC in vivo
Our goal was to develop a method to label DC with the positron emitting radionuclide F-18,
in order to detect DC migration in vivo by a high-resolution small PET camera.

-3MATERIALS AND METHODS
Mice
Female BALB/c (I-A d ), C57BL/6 (I-A b ) and F, (CB6/F,) mice aged 6-12 weeks old (Animal
Production Area, National Institutes of Health, Frederick, MD) were used in all experiments,
and were housed under pathogen-free conditions.
Cells
BMDC were generated from bone marrow cells in complete RPMI supplemented with 10
ng/ml GM-CSF/IL-4, cultured for 7 days, when BMDC were further purified by gradient
centrifugation using 14.5% metrizamide (Sigma) in HBSS. Interphase cells were subcultured
for one additional day. BMDC were routinely pulsed on day 5 and used on day 8 of culture.
Langerhans cells were obtained from ears of untreated BALB/c or C57BL/6 mice as
previously described
Murine migDC were isolated as described.
Splenic B cells were isolated by preparing a suspension of spleen cells from BALB/c mice.
T cell hybridoma B9.1. specific for the immunodominant peptide HEL103-117, was used to
detect presentation of HEL by BMDC and LC, and was kindly provided by Dr J.
Kanellopoulos.
Flow cytometry
Expression of surface molecules was quantified by flow cytometry using the antibodies and
isotype controls, purchased as purified, FITC- or phycoerythrin-conjugated mAbs from
PharMingen (San Diego, CA). Staining was performed according to standard techniques and
cells were analyzed with a FACSCalibur flow cytometer using CellQuest software (Becton
Dickinson, Mountain View, CA). Dead cells were excluded from all analysis by propidium
iodide (100 nM; Sigma) staining.
In vitro protein presentation assay
To prime T cells with proteins, either 100 pg of HEL or 100 pg of the non-cross reacting
protein pigeon CYT were emulsified in complete Freund's adjuvant (1:1) and injected into
the left hind footpads of mice.
After BMDC cultures were pulsed with various
concentrations of HEL or CYT. DCs were purified by metrizamide gradient centrifugation
on day 7. The interphase cells were washed extensively and replated at 5 x 105 cell/ml. On
day 8, cells were washed, 7-irradiated with 3000 rad and added to T cells to achieve various
stimulator:responder ratios. Freshly separated LC were enriched by gradient centrifugation
and plated in 10 ml T flasks in complete RPMI containing various concentrations of HEL or
CYT. After 48 h of culture, cells were harvested, washed 3 times in HBSS/1.5% sMS, 7 irradiated with 1500 rad and added to the T cells. On day 3 of co-culture, [ 7 H]thymidine
(Amersham, Biosciences Corp., Piscataway, NJ) (1 pCi/well) was added and T cell
proliferation was determined by the incorporation of [ 3 H]thymidine during the last 16 h of
culture using a gas ionization counter (Packard, Meriden, CT). Results are presented as the
mean (± SEM) of assays performed in triplicates.7 days, popliteal lymph nodes were
collected, pooled and CD4 + T cells were purified.
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After incubation of BMDC or LC with HEL or CYT as described above, cells were added to
1 x 10s cells/well of B9.1 T cell hybridoma cells in 96-well flat-bottom microplates and
cultured for 24 h at 37°C. One hundred microliters of culture supernatant was removed and
assayed for IL-2 content using an ELISA assay.
In vivo immunization with protein-pulsed BMDC
BMDC were pulsed with 1 mg/ml HEL or CYT as described above. Day 8 cells were
washed 3 times with HBSS, and 3 - 5 x 105 antigen-pulsed and non-pulsed BMDC were
injected into the left hind footpads of naive recipient mice. Seven days after immunization,
draining popliteal lymph nodes were harvested and CD4+ T cells were purified as described
above. For assessment of intensity of the T cell responses to the in vivo immunization, LC
were pulsed as described above, T-irradiated with 1500 rad, graded numbers of LC were
added to 2 x 10s T cells/well and T cell proliferation was assessed as described above. In
the cross-presentation experiments, allogenic HEL-pulsed or non-pulsed BMDC were
prepared and injected as described above. In the proliferation assay LC syngeneic to the T
cells were used as stimulators. In the cross-presentation experiments using (BALB/c x
C57BL/6) F| mice as hosts, both BALB/c and C57BL/6-derived LC were used as
stimulators, and 1.5% F t syngeneic mouse serum was used in the stimulator assays.
Delaved-tvpe hypersensitivity (DTH) assay
To sensitize for protein antigens, mice were injected s.c. at two sites in the lower abdomen
either with 2-5 x 105 protein-pulsed BMDC in 100 pi HBSS solution or, as a positive
control, with 100 pi HEL/complete Freund's adjuvant. Non-pulsed BMDC and naive, nonsensitized animals served as negative controls. Challenge and measurement of footpad
thickness was performed as previously described. Each experimental group contained 10
mice.
Sensitization and elicitation of contact hypersensitivity
Graded numbers of TNP-modified and unmodified BMDC and LC were injected in 100 pi
HBSS/5% FCS s.c. into the dorsal trunk skin of BALB/c, C57/BL6 or F, mice. As positive
controls, mice were sensitized by epicutaneous application of 100 pi 3%
trinitrochlorbenzene in acetone:olive oil (4:1) to the dry-shaved abdomen. Challenge and
measurement of ear thickness was performed as previously described. Experimental groups
consisted of five mice each. One-way ANOVA was used to compare experimental and
control groups.
Assessment of secondary responses of lvmph node T cells sensitized by TNBS-coniugated
BMDC
TNBS-conjugated or non-conjugated BALB/c-derived BMDC (3-5 x 10s) were injected in
50 pi HBSS into the hind footpads of BALB/c andC57BL/6 mice. Draining popliteal lymph
nodes were harvested 6 days later and purified for CD4 + cells. As stimulator cells, we used
BALB/c- and C57BL/6-derived LC conjugated with TNBS. MHC-matched stimulators and
responder cells were co-cultured in the proliferation assay.
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-5Ouantitative PCR
Commercial kits for RNA extraction (RNeasy, Qiagen, Valencia, CA) and reverse
transcription (Superscript Preamplification System, Gibco-BRL, Gaithersburg, MD) were
used prior to amplification of specific cDN A using the following primer pairs selected from
Genbank sequences listed in 5' to 3' direction: CCR7 (GGACACGCTGAGATGCTCACT
and CCATCTGGGCCACTTGGAT), CXCR5 (GACTCCTTACCACAGTGCACCTT and
GGAAACGGGAGGTGAACCA). Real-time quantitative RT-PCR (Perkin-Elmer ABI7700)
was performed with duplicate samples using SybrGreen dye for detection of double-stranded
DNA.
In vivo migration of skin derived murine DC and BMDC
BMDC and MigDC were labeled with PKH26 or PKH56 according to manufacturer's
instructions or left unlabeled and injected into the hind footpad of mice. The draining
popliteal LN was removed 24, 48, or 72 h later, sectioned (6 pm), air-dried without fixation,
and stained with FITC-conjugated antiCD45R / B220 to identify B cell areas. T cell areas
were stained directly with FITC-conjugated anti-CD3e.
Preparation ofN-succinimidvl 4-iF-181-fluorobenzoate (SFB)
The F-18 labeled active ester was prepared in a three-step method.
First, the
trimethylanilinium triflate leaving group was displaced in the presence of Kryptofix (K-222)
and potassium carbonate at 100 °C for 10 min with [F-18] fluoride. ' N e x t ' t h e
pentamethylbenzyl ester was hydrolyzed to form 4-[F-18]fluorobenzoic acid with
trifluoroacetic acid at room temperature for 2 min. Finally, the acid was converted to the F18 labeled active ester, N-succinimidyl ' 4-fluorobenzoate, with Af,/V-disuccinimidyl
carbonate at 90 °C in 5 min. The final product was purified with reversed-phased HPLC.
Radiolabeling
~ -"
1-3xlO 7 BMDC in 1 ml HBSS (pH=8) were labeled with 5-10 mCi of [F-18]SFB at room
temperature for 10 min. Once the labeling and washing procedures had been completed, the
labeling efficiency was measured with a gamma counter. All subsequent. F-18 counts
described in the following sections were corrected for physical decay.
~
Measurement of BMDC viability and radiolabel stability
Viability of F-18-labeled BMDC was established by trypan blue. The retention of
radionuclide with BMDC was assessed by incubating F-18-labeled BMDC in DC medium at
4 °C or at 37 °C. Cells were incubated for 4 h. At 1 h intervals, equal aliquots were
centrifuged for 5 min at 1200 rpm at 4 °C and cell and supernatant were assessed for
radioactivity using a Packard 5600 gamma counter.
Chemotaxis assay
Murine migDC were used in chemotaxis assays using 8pm (for migDC) and 5pm (for
BMDC) pore size filters (ChemoTx 5 pm, Neuroprobe, Gaithersburg, MD). Murine
secondary lymphoid tissue chemokine (SLC) or BLC (R&D Systems) was placed in
different concentrations in the bottom well to attract migDC and BMDC.
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Experiments were performed with the PiPET (Projection Imager/Positron Emission
Tomograph) scanner configured for planar projection imaging. BALB/c mice, injected with
lxl 0 6 (-400 pCi) F-18-labeIed BMDC, were prepared as described above and imaged for
10 min with PiPET such that the lower half of each animal, including the legs, was within
the 55 mmx45 mm field-of-view. The animal was imaged again and these two views •
combined to create a decay corrected whole-body image of the entire animal. All images
were analyzed using the NIH Image software package to obtain estimates of LN activity,
footpad activity and background activity.
*
Statistical analysis
Experiments were performed at least twice. Mean differences were considered significant
when p<0.05 (Student's f-test and one way ANOVA).
RESULTS
Culturing conditions for obtaining mature BMDC
BMDC cultured with GM-CSF and IL-4 for 8 days expressed high levels of MHC class II
molecules, moderate to high levels of CD86, CD80 and CD54 co-stimulatory molecules,
were positive for C D l l c and C D l l b , and negative for CD14. Few cells expressed F4/80
molecules.
BMDC process and present soluble protein antigens in association with MHC II molecules
Only BMDC pulsed with high concentrations (0.5 < 1 ¿3 mg/ml) of protein were able to
induce significant antigen-specific T cell proliferation.
Cultured LC process and present soluble protein antigens and induce enhanced secondary Tj,
cell responses compared to BMDC
LC induced highly specific T cell proliferation at lower protein-pulsing concentrations (0.1
mg/ml) .
Surface phenotype by FACS analysis showed that cLC express CD40
costimulatory molecules at seven times higher intensity as compared to BMDC and aCD40
Ab matured BMDC
Presentation of HEL to HEL-specific T cell hybridoma cells
BMDC pulsed with as little as 10 pg/ml HEL were able to induce specific T cell \
proliferation as determined by significant IL-2 production. This result probably reflects the
fact that T cell hybridomas require less antigen-MHC class II complexes on the APC surface
and little or no co-stimulation in order to secrete IL-2.
*
Soluble antigen-pulsed BMDC prime lymph node T cells in vivo in an MHC-restricted
manner
To investigate the phenomenon of cross-presentation on MHC II molecules, we injected 3 - 5
x 105 HEL-pulsed and non-pulsed BALB/c- and C57BL/6-derived BMDC into the footpad
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CD4 + T cells were purified and assessed for secondary T cell responses as described above.
BALB/c-derived HEL-pulsed stimulator LC could not induce secondary proliferation of T
cells primed with HEL-pulsed C57BL/6 BMDC. In parallel, C57BL/6-derived HEL-pulsed
LC did not induce secondary proliferation of T cells harvested from F, mice primed with
BALB/c-derived HEL-pulsed DC. This finding indicates that priming occurs in an MHCrestricted manner and, more importantly, shows that there is no cross-presentation by host
APC. It excludes the possibility that there is representation of antigens by autologous APC.
BMDC induce DTH in an MHC-restricted manner
We injected HEL-pulsed BALB/c- and C57BL/6-derived BMDC into syngeneic or
allogeneic hosts to assess whether allogenic BMDC were able to sensitize mice for HEL.
Only when the injected cells were syngeneic to the recipient was a significant foot-swelling
response detected.
Hapten-modified BMDC and hapten-modified LC induce comparable amounts of
proliferation of antigen-specific T cells
TNBS-conjugated BMDC were able to induce secondary responses in TNCB-sensitized T
cells in vitro . Comparing BMDC to cLC in their ability to present haptens, we found that
these two cell types were equally efficient.
Injection of TNP-coniugated DC induces contact hypersensitivity
We found that naive BALB/c mice injected with graded numbers of TNP-modified or
unmodified BMDC developed a contact sensitivity response upon TNCB challenge.
Heat-killed TNP-coniugated BMDC fail to induce contact sensitivity
To further investigate whether BMDC present the haptenated antigen themselves or whether
shed antigens may be picked up and presented by host APC, we heat-killed the BMDC either
before or after conjugation with TNP. Even when large numbers (1 x 107) of TNPconjugated heat-killed BMDC were used, contact sensitivity responses did not ensue.
TNP-modified BMDC induce contact sensitivity in an MHC-restricted manner as assessed in
vivo
We injected the TNBS-conjugated or non-conjugated BALB/c- and C57BL/6-derived
BMDC into parent and into Fi mice. Results obtained in three independent experiments
showed that the TNBS-conjugated BMDC induced contact sensitivity when injected into
syngeneic mice and less, but still significant, contact sensitivity in F| mice. In contrast, if the
cells were injected into allogeneic hosts, these mice were unable to develop a contact
sensitivity response. Thus, we were able to show by in vivo assay, that BMDC present
haptens and sensitize T cells in an MHC-restricted manner.
mCXCR5 is expressed in a migratory population of skin-derived DC
MigDC and cultured LC have increased CXCR5 message levels relative to fresh LC and
BMDC, but lower message levels than B cells.
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To demonstrate that CXCR5 mRNA expression correlated with function in migDC, we
performed chemotaxis assays using recombinant murine BLC as a stimulus and migDC and
BMDC as targets. MigDC, but not BMDC responded to BLC in a chemotaxis assay.
MigDC migrate to B. as well as T. cell areas of the LN in vivo
We recovered migDC from skin, labeled the ceils with a stable membrane dye, and injected
them into the footpad of mice. Although the majority of migDC were found in T cell areas,
migDC also migrated in B cell zones. By contrast, BMDC localized exclusively to T cell
areas.
Labeling with F-18 has no significant effect on the ability of BMDC to induce allogeneic T
cell proliferation or to migrate in an in vitro chemotaxis assay
When F-18 labeled BMDC or control sham-treated BMDC were cultured for 5 days with
allogeneic T cells, both populations induced similar levels of secondary proliferation of T
cells, indicating that labeling did not affect the ability of BMDC to induce a mixed leukocyte
reaction. Furthermore, when F-18-labeled BMDC were compared in their ability to migrate
towards SLC in trans-well chambers, there was no significant difference between the F-18
labeled BMDC and the sham-treated BMDC.
BMDC migrate to the T cell areas of draining LN
Fluorescently labeled BMDC migrated to the paracortical areas and subcapsular sinuses (T
cell areas) of draining LN.
Positron imaging of F-18-labeled BMDC with PiPET
Whole-body projection image of a mouse imaged with PiPET 4 h after footpad injection
with F-18-labeled BMDCs shows by far, the largest amount of activity in the footpad, and is
overexposed to allow lesser amount of activity elsewhere in the body to be seen. The
popliteal LN is readily visible by virtue of the BMDCs being intensely concentrated in a
very small structure. The LN and the kidneys appear in their correct anatomical location. An
additional accumulation of activity is also evident in the liver region. The ratio of net
popliteal lymph node activity to net footpad activity determined from these images averaged
0.15% for the two animals, a value that compared well with ratios determined by tissue
assay; average of 0.18%.
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In this study, using in vitro and in vivo functional assays we determined the efficiency of
BMDC as APC for protein- and hapten-restricted responses. BMDC cultured with GM-CSF
and IL-4 for 8 days resembled DC with a highly mature phenotype. If cells were pulsed with
soluble protein antigen during maturation, they induced antigen-specific CD4+ T cell
proliferation in vitro, suggesting that they effectively processed and presented these antigens.
Similarly, BMDC were able to present haptenated antigen to sensitized T cells in vitro. We
also showed that exogenous proteins and haptens are presented in an MHC-restricted
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-6manner; that protein or hapten-pulsed BMDC were not able to immunize allogeneic hosts;
and that if parental (A) protein-pulsed BMDC were injected into Ft (A x B) hosts, secondary
T cell responses were detected only when T cells were re-stimulated with syngeneic parental
(A) antigen-pulsed APC. These findings demonstrate that haptens and proteins are not
cross-presented to CD4 + T cells in vivo, and are in contrast to the phenomenon that has been
shown for peptides presented in association with MHC class I molecules. Moreover, the
findings suggest that although uptake of apoptotic and necrotic cells by immature DC has
been demonstrated, functional cross-presentation might differ on MHC class II molecules
compared to MHC class I molecules. In our studies we used exogenous proteins and hapten,
which were not previously assessed in cross-presentation studies, and our findings indicate
that these antigens are not cross-presented to DC 4 + T cells by host APC. Furthermore, in
our studies, necrotic (heat-killed) antigen-pulsed cells were not capable of sensitizing the
host, even when large numbers were injected, suggesting that although necrotic cells are
capable of inducing maturation of APC and of initiating potent immunogenicity of DC, these
types of antigens are not represented by the host. Based on our findings that BMDC
required very high levels of soluble antigen to be able to prime naive T cells or induce
antigen-specific secondary T cell proliferation, the antigen presented on the cell surface
might still not be sufficient for cross-presentation by host APC. Using OT-I (CD8) and OTII (CD4) TCR transgenic cell lines it has been demonstrated that cross-presentation of cellassociated OVA required 100-fold more OVA to stimulate CD4+ cells from OT-1I mice
when compared to CD8 + cells from OT-I mice. The level of antigen exposure may be
increased as the number of APC increases. However, even when we injected as much as 107
cells per animal in order to expose the host to greater amounts of antigen we did not detect
cross-presentation to CD4 + T cells or significant DTH or contact sensitivity responses.
Taken together, these experiments increase our understanding about the potential in vivo
immunogenic effects of BMDC used for vaccination and immunotherapy protocols. They
show that, although cross-presentation of cell-associated and soluble antigens has been
demonstrated, allogeneic or heat-killed soluble antigen-loaded BMDC are not capable of
priming CD4 T cells, indicating that cross-presentation of antigens presented in this way is
inefficient.
Our finding that activated migDC express CXCR5 and respond to BLC provides
the first physiologically relevant mechanism for the migration of DC to B cell areas. Just as
mature DC and naive T cells are brought to LN via mechanisms related to CCR7, DC and B
cells may utilize the same chemokine receptor, CXCR5, to find their way to B cell zones.
However, because of the lack of suitable blocking reagents, we have not been able to
determine whether BLC and CXCR5 are absolutely required for migDC trafficking to B cell
areas; it is quite possible that other chemokines and chemokine receptors may also play a
role in this process. Some DC populations (/'. e. migDC) appear to express CXCR5 at
sufficient levels to respond to BLC, whereas others (/. e. BMDC) do not. This may explain
why several studies with splenic and bone marrow-derived DC found migration of these
particular DC to T cell zones of LN. We have shown that skin-derived migDC up-regulate
CXCR5 as they become activated and leave the skin in an ex vivo model of DC trafficking.
MigDC functionally respond to BLC, which has previously been described exclusively as a
B and (weak) T cell chemoattractant. In vivo this population of DC migrated from the.

- 10footpad to regional LN, and up to 40 % of labeled migDC localized to B cell areas, although
migDC were also apparent in T cell zones. Based on the strong expression of CCR7 by
migDC, we propose that migDC initially utilize CCR7 to migrate to afferent lymphatics and
/ or SLC / ELC-rich T cell areas before migrating to B cell areas via CXCR5. Once in B cell
areas, migDC may have direct effects on B cells as data from others have shown. Thus, the
regulated expression of CXCR5 on certain populations of DC may play a role in determining
the migration pattern of DC within secondary lymphoid organs
This is the first description of a method for labeling mouse BMDC with a positron
emitting radionuclide F-18 in order to follow their migration with a high-resolution imager
in vivo. F-18 is a radionuclide with a short (109.7 min) half life, and a high specific activity.
The short half life allows detection of the radionuclide for a maximum of 5-6 h, which in the
case of BMDC migration is rather short, since the maximum number of injected BMDC can
be found in the draining lymph node after 48 h in mice. However, because of the
availability of F-18 and its ability to be detected by PiPET, we decided to use this
radionuclide for determining the possibility of monitoring in vivo migration. There have
been several studies indicating the detrimental effects of isotope labeling of lymphocytes;
however, more recent studies using either In-111 or
In-oxine, i8F-FDG and "mTcHMPAO report acceptable toxicity and potential uses of these labeling methods. Due to the
short half life of F-18, our aim was to determine the short-term (max. 24 h) effect of the
labeling. Labeling with F-18 had no significant effect on the viability or the phenotype of
BMDC compared to sham-treated control cells, suggesting that these cells are fairly resistant
to gamma and positron radiation. Furthermore, using an in vitro chemotaxis assay we found
no difference in the capacity of these cells to migrate in vitro compared to non-labeled DC.
The short half life of F-18 did not allow us to perform long-term in vivo experiments;
however, even at 4 h we could detect significant cell-bound activity in the draining lymph
node. It was critical to determine whether the detected activity was related to cells or was
free activity released by the labeled cell, because of the large amount of activity F-18 labeled
cells released during in vitro culture. We tried to determine whether this release was passive
shedding of membrane-bound activity or was related to cell metabolism, and found that
release was significantly reduced if cells were kept at low temperatures in order to reduce
their metabolic activity. PiPET imaging offers the possibility of studying in vivo cell
migration, because radiolabeled cells can be detected in live animals. This method enables
us to manipulate the animal during imaging, for example, to study the effects of certain
chemokines or inflammatory agents on the migration of the radiolabeled cells. Furthermore,
this camera gives a ~2 mm spatial resolution, and has the potential to produce a 3D image.
Using image analysis the exact amount of radioactivity can be determined and extrapolated
to the number of cells. Certain technical issues such as the proper anesthesia for mice while
in the PET camera, and the effect of anesthetics on the migration need careful consideration.
This method currently provides the possibility of in vivo imaging with high accuracy and
offers a new approach for in vivo studies of dendritic cell biodistribution and migration.
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-11 SUMMARY
1. We defined a method to culture and pulse bone marrow-derived dendritic cells in order
to use them as efficient antigen presenting cells in vitro and in vivo. BMDC require large
amount (min. 500 pg) of soluble protein for uptake and presentation to CD4+ T cells.
2. Cultured epidermal Langerhans cells express higher levels of costimulatory
molecules compared to BMDC and require less soluble antigen to induce antigen
specific secondary immune response.
3. BMDC present soluble protein antigens and haptenated antigens in vitro and vivo.
4. Soluble protein antigen and haptenated antigen presentation to CD4 + T cells is MHCIIrestricted.
5. Host antigen presenting cells do not cross-present soluble antigens and haptens presented
on allogeneic BMDC.
6. In vitro cultured antigen pulsed and non-pulsed BMDC migrate to the regional LN with
the same efficiency.
7. Migratory DC express 50-fold more CXCR5 mRNA than fresh Langerhans cells.
8. Migratory DC migrate in response to B lymphocyte chemoattractant in vitro.
9. When injected into the footpad of mice, migratory DC emigrate to the B and T cell area
of the regional LN.
10. We developed a novel cell-labeling method using the positron emitting radionuclide
F18.
11. F18-labeled BMDC are phenotypically and functionally similar to non-labeled BMDC.
12. PiPET imaging of F18-labeled BMDC offers a new approach for in vivo studies of
dendritic cell biodistribution and migration.
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