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C306 IMMUNOBIOLOGY 

Candidates must answer Sections A, B and C. Please answer each section 
in a separate book. 

The fraction of the total marks allocated to each section is as follows: 

Section A: 60/180 
(essay, 1 out of 4) 

Section B: 60/180 
(short answers, 3 out of 6) 

Section C: 60/180 
(choose ONE paper from this section) 
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C306 IMMUNOBIOLOGY 

Section A 

Answer ONE question in this section. 

1. Compare and contrast the ways the innate and adaptive immune 
systems recognise microbes. 

2. Discuss the ways in which T cells may "help" an immune response. 

. Why do you think we still do not have an effective vaccine for HIV? 
Illustrate your answer by comparison to other viral infections for which 
effective vaccines ARE available 

. Discuss the various immunological mechanisms that may underlie 
different sorts of "allergy". 

Section B 

Write short notes on THREE of the following: 

1. The immunological synapse. 

2. Hyperacute rejection. 

3. Positive selection. 

4. Measuring T cell responses. 

5. Antibody-mediated tumour therapy. 

6. Maternal tolerance to the foetus. 

CONTINUED 
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Section C 

Choose ONE of the two papers attached and a) write an abstract which 
outlines the major findings of the paper, and b) discuss what important further 
questions this paper raises, and outline briefly the type of experiments you 
might design to examine these questions further. 

a) and b) carry equal marks. 

NOTE: 

. Lipopolysaccharide-enhanced, Toll-like receptor 4-dependent T 
helper cell type 2 responses to inhaled antigen. 

The following abbreviations are used: 

OVA 
LPS 
BAL 

APC 
TLR4d 
WT 
DLN 
BMDC 
PBS 

ovalbumin 
lipopolysaccharide 
bronchio-alveolar lavage (a measure of the number of 
inflammatory cells in the lung) 
antigen presenting cells 
toll-like receptor 4 deficient mice 
wild type 
draining lymph node 
bone marrow derived dendritic cells 
phosphate buffered saline 

The Methods section, and all the references have NOT been included. 
NOTE - Figures 1B and Fig 4 are not shown. 

. Dissociation between autoimmune response and clinical disease 
after vaccination with dendritic cells 

Abbreviations: 

DC 
Ags 
ANA 
PBS 

dendritic cells 
antigens 
anti-nuclear antibodies 
phosphate buffered saline 

NZBWF1 mice are a strain of mice which are prone to the development 
of autoimmune disease. 

The Methods section, and all the references have NOT been included. 
NOTE - Fig 4 is not shown. 
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C306 IMMUNOBIOr-OGY 

Lipopolysaccharide-enhanced, Toll-like Receptor 
4-dependent T Helper Cell Type 2 Responses to 
Inhaled Antigen 

I n t r o d u c t i o n  
Asthma is a pulmonary inflammatory disease believed to be 
due to aberrant Th2 immune responses to commonly in- 
haled antigens (1). Only a subset ofpeople exposed to these 
aeroallergens, however, develop pathological Th2 re- 
sponses, and this process is not welt understood. In particu- 
lar, the role of  adjuvants and the innate immune system in 
the induct ion of Th2 responses is unclear. 

Respiratory infections have been linked to asthma in 
both a preventative and facilitating role, implicating Toll- 
like receptor (TLR) signaling in regulation of  Th2-driven 
airway disease (2). Of  particular interest is LPS, a cell wall 
component  of  Gram-negative bacteria that is ubiquitous in 
the environment ,  including household dusts. LPS activates 
cells through TLR-I with the accessory proteins CDI 4 and 
LPS b inding  protein (3), signahng through a common 
adaptor protein MyD88. This results in the transcription of 
several activation markers including MHC II and B7 mole- 
cules and the production of  [L-l,  IL-12, and TNF-ot (3). 

The role of  endotoxin exposure m asthma development in 
children has been controversial, with studies indicating ei- 
ther a protective role through Th l  induction or an exacer- 
bating effect on  asthma severity (1, 4, 5). It has been specu- 
lated that the opposing roles of LPS might be explained by 
differences in exposure levels (6). However, these studies 
did not address whether the association of household LPS 
levels with asth,na severi D' is a rest, lt of enhanced allergen 
sensitization or direct irritant effects of LPS on previously 
sensitized individuals (4, 6). Our  objective was to assess if 
LPS affects Th2  sensitization to aeroallergens and if the 
amount of LPS exposure affects the disease phenotype. 

It is now clear that Thl adaptive imutune responses re- 
quire TLP-. signals (7). However, Th2 priming is thought 
to occur either as a default pathway in the absence of  TLR. 
signaling or by a currently unidentified Th2-type activating 
receptor(s) (3). Therefore, the role a microbial adjuvant 
such as LPS plays in Th2 aeroallergen sensitization at the 
site of natural exposure, namely the hmg, is unknown.  

To directly address the role of LPS as an adjuvant for 
Th2 sensitization in the induction of allergic airway re- 
sponses, we used a murme model of Th2 puhnonary in- 

flammation in which priming occurs after antigen itlhala- 

tiou without the use of alum. 

Results 

Dose of LPS Determines Type of brim+me Response Gener- 
ated to h*haled Antigen. We have previously shown that sen- 
sitization of  mice by exposure to inhaled OVA leads to ro- 
bust pulmonary Th2 responses (8). To  test the role of LPS 
in these responses, we sensitized mice by intranasal expo- 
sure to OVA depleted ofcontami,lating LPS (<0.001 g.g) 
or OVA with a high (100 I.tg) orlow (0.1 I-tg) dose of LPS. 
These low and high doses of LPS are analogous to reported 
endotoxin levels of  samples from homes of  atopic versus 
nonatopic children, respectively (5). Mice exposed to LPS- 
depleted OVA showed no airway inflammatory responses 
after challenge with inhaled antigen (Fig. 1 A) and had total 
BAL cell numbers equivalent to PBS controls. In contrast, 
mice sensitized with OVA containing low dose LPS dem- 
onstrated significant increases in total BAL cell numbers as 
well as lung tissue infiltrates and airway mucus secretion 
(Fig. 1, A :" +. Both airway and tissue infiltrates were 
dominated by eosinophils, consistent with Th2-mediated 
inflammation. Draining lymph node (DEN) IL-5 and [L- 
13 production confirmed the Th2 nature of the inflamma- 
tory response (Fig. 1 C). Mice exposed to PBS or low dose 
LPS alone did not generate puhnonary inflanxmation after 
OVA challenge (Fig. 2 A). 

As LPS is known to be a potent inducer of IL-12 pro- 
duction from APCs in vitro, it might be expected to pref- 
erentially stimulate Thl  responses. Therefore, we tested 
whether the surprising induction of Th2 responses was a 
result of  the low dose of I.PS exposure. Use of  a high dose 
of LPS during intranasal OVA priming resulted in a T h l -  
associated response dominated by neutrophils and an ab- 
sence of airway mucus production in the lung (Fig. t, A 
and L.. reference 10). IFN-3, production from DLNs con- 
firmed the induction of a Thl response in high dose LPS- 
exposed mice (Fig. 1 C). Serum antibody isotype patterns 
in groups sensitized with OVA containing low versus high 
dose LPS were also consistent with the generation of Th2 
(high lgE and IgG1) venus Thl (high IgG2a) innnunity,  
respectively (Fig. I D). Thus, no airway inflanlmatory re- 
sponse was generated in mice that had been sensitized with 
LPS-depleted OVA, whereas antigen-specific immune re- 
sponses were induced in the presence of LPS with low and 
high doses inducing Th2 or Thl responses, respectively. 

TLR4 Signaling Is Required for 7712 Primillg ro hJh,zlcd An- 
tigens. The requirement for LPS in the generation of Th2 
responses to inhaled antigen was confirmed in C.C3H- 
77r4 te+-a mice (13) expressing a nonfunctional TLK4 
(TLIL4d). When compared with WT,  TLR.4d mice ex- 

posed to OVA in the presence of low dose LPS showed 
marked reduction in airway inflammation (Fig. 2 A) and 
DLN Th2 cytokine production (Fig. 3 B, I.N.). We ob- 
tained similar results using C3H/HeJ mice. T h l  responses 

initiated with high dose LPS were similarly abrogated in 
TLt-Z4d mice (not depicted). 

These data support the observation that LPS is required 
for the development of Th2 (and Th l )  responses to inhaled 

CONTINUED 
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C306 IMMUNOBIOLOGY 
antigen. However, because LPS signaling is absent during 
both sensitization and challenge in TLR4d mice, we next 
asked at what stage LPS was required (6). To address this 
question, Th2 ceil-dependent OVA-specific antibody se- 
cretion was measured. TLIL4d mice demonstrated signifi- 
cantly reduced OVA-specific IgG1 and no IgE or |gG2a 
antibody responses (Fig. 2 B). In addition, there was evi- 
dence of a reduced proliferative response in the lung DLN 
of TLR4d mice as the cellularity after intranasal priming 
was substantially diminished (5.9 + 1.4 X 10 6 in WT vs. 
2.3 ~ 0.3 X 10 6 ceils in TLIK4d). Thus, there was evidence 
of abrogated Th2 priming in TLIK4d mice by systemic an- 
tibody responses, DLN cellularity, lung inflammation, and 

cytokine responses, consistent with defective T cell prim- 
lug in the absence of  LPS signaling. 

TLR4d Mice Are Capable ~f Momtting Th2 R,,sponses Usi,g 
the Adjuvant Aluminum Hydroxide. To confirm that re- 
cruitment pathways were intact in the lungs of TLR4d 
ntice, a TLK4 independent |nechanisni of Th2 priming was 
vsed. Alum is a potent Th2 adjuvant that does not contain 
microbial products and therefore should not involve TLK4 
sigualing to initiate immune responses. Therefore, TLK4d 
and WT mice were immunized intraperitoneally with 
OVA/alum or intranasaUy with OVA/LPS. 2 wk later, 
both groups ,,,,-ere challenged with inhaled antigen. TLR4d 
mice were fully capable of initiating Th2 inununity in the 
presence of a non-TLP,-4 adjuvant as evidenced by eosino- 
philic BAL intlamnxation and Th2 cytokine responses in the 
lung DLNs (Fig. 3, A and B). Thus, circumventing defi- 
cient Th2 printing with the adjuvant alum results in equiv- 
alent pulmonary inflamnaation in TLK4d and WT mice, 
indicating that lung recruimae,lt of eosinophils and lym- 
phocytes is not impaired ill TLIL4d. ~ mice.. _ . . . . . . .  

DC IL- 12 Prod, lctiot, Differs @or Exposure to Lo,v and High 
Doses of LPS. LPS is known to induce both cell surface 
DC maturation and the production of TNF-oc, IL-I, and 
IL-12 (3). As IL-12 is a potent Thl skewing cytokine, we 
hypothesized that differences in IL-12 production follow- 
ing high versus low dose LPS inhalation with OVA might 
explain tile induction o fThl  versus Th2 responses, respec- 
tively. To test this, serum IL-12 levels were analyzed. In 
contrast to mice imnmnized with low dose LPS OVA, WT 
mice immunized with high dose LPS OVA had signifi- 
cantly higher levels ofsertun IL-12 (Fig. 5 A). [n vitro eval- 
uation o f W T  BMDC confirmed that only high dose LPS 

was capable of inducing [L-12 production, whereas OVA 
(containing low dose LPS) did not (Fig. 5 B). These data 
are consistent with the differential inflammatory response 
observed in vivo (Thl vs. Th2) and implicate an LPS 
threshold requirement for IL-12 secretion. Interestingly, 
TNF-cx, a cytokine capable of inducing DC maturation 
and Th2 sensitization, was unable to induce IL-12 in WT 
BMDCs. This is consistent with our observations that 
TNF-cc administration during priming was capable of res- 
cuing Th2 responses in TLK4d mice without the induc- 
tion of Thl  immunity (Fig. 4 A). As expected, no IL-12 
was detected from TLR4d serum or BMDCs stimulated 
with OVA, T N F - a ,  or LPS. 

D i s c u s s i o n  
The results presented here support a model of sensitiza- 

tion to inhaled inert proteins that requires LPS and the 
TLR4 signaling pathway. In addition, the amount of LPS 
present during sensitization determines whether Thl or 
Th2 immunity is obse~'ed. Although recent studies in 
MyD88-deficient mice support a role for TLP,.s in the gen- 
eration of Thl  responses to proteins, Th2 responses were 
shown to be MyD88 independent, suggesting TLtL signal- 
ing is not important for the induction of Th2 cells (7). 
However, recent work with/vlyD88-deficient DCs showed 
that LPS stimulation induced IL-4 production with normal 
up-regulation of costimulatory molecules resulting in a 
Th2 skewing bias (14), suggesting that a MyD88-indepen- 
dent pathway, TIRAP/MAL, is responsible for the ob- 
served response. We might speculate that the threshold of 
induction for these two signaling pathways of TLtL4 
requires distinct levels of signaling intensities, resulting in 
differential effects on the adaptive immune response. The re- 
sults from this study demonstrate the importance of TLP,.- 
dependent adjuvants in the induction of Th2 responses and 
the LPS dose differential ofThl/Th2 activation. 

Another study using crystalline OVA in alum intraperi- 
toneaUy suggested that TLR.4-defective mice could not re- 
call Th2-rype inflammation to the lung (15). However, the 
results presented here demonstrate that T cell printing us- 
ing the adjuvant alum and cell recrt,itme,lt to the lung are 
intact in TLI'Z4d mice, as would be expected from an LPS- 
free, non-TLR.-dependent adjuvant such as alummt, m hy- 
droxide (Fig. 3 A). This discrepancy may lie in the genetic 
variation that could o c c u r  between tile substrains of,nice 
used in their study. 

The data reported here may help explain previously ob- 
served differences in the response to inhaled protein, where 
both tolerance and Th2 immuni W have been seen (8, 9). It 
is plausible that these differences are a result of varying lev- 
els of LPS contamination and that one reason this protein 
has been an effective antigen in many asthma models relates 
to its inherent LPS contamination (16). 

Various animal models indicate that exposure to micro- 
bial sequences such as LPS can down-regulate Th2 puhno- 
nary responses (17). Epidemiological data in humans sup- 

port a differential dose ntodel with endotoxin exposure 
correlated with both increased and decreased incidence of 
lung disease and severity (1). Our data provide a model to 
explain these conflicting findings in that OVA exposure in 
the presence of high dose LPS fails to induce Th2 cells, but 
instead indt, ces both IL-12 production and a Thl  response. 
By contrast, low dose LPS is not sufficient to induce Thl 
cells but is required to induce Th2 inflammation. In the ab- 
sence of LPS there is no significant lung response. Thus, 
different levels of LPS exposure resulting in different Th 
cell inflammatory responses might explain the discrepancies 
in human studies. 1Kecendy discovered missense mutations 
in human TLIK4 could likewise provide an explanation for 
the ~,ariability in human sensitization to ubiquitous aero- 
allergens (18). 

Respiratory syncytial virus (KSV) infections during 
childhood have also been identified as a major risk factor 
for the development of asthma (2). Although RSV is likely 
to have multiple pathways of influencing asthma, it was re- 
cently found that the innate inmmne response to 1KSV is 
mediated by CDI4 and TL1K4 (19). This raises the ques- 
tion of whether LPS has a unique role in asthma or if other 
TL1L ligands could induce Th2 sensitization. 

TURN OVER 
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Dissodation Between Auto immune Response 
and Cl|nical  Disease After Vacdnat ion  wi th  Dendritic Cells 

g 

T 
he identification of tumor-associated Ags prompted an 
effort toward the development ofimmunotherapeutic 
strategies. Dendritic cells (DCs) 3 loaded with tumor 

Ags have been used in patients with mdanoma, renal cell carci- 
noma, colon, breast and ovarian cancer, [ym,pboma and pros- 
tate cancer, with evidence of  enhanced T cell immunity and, in 
some cases, clinical benefit. \Vhole dying tumor ceils represent 
a source of tumor Ags. DCs that phagocytosed a_poptotic tumor 
cells activate tumor-specific T cells in vitro and in vivo (1-14). 
Dying tumor cells contain awhole array of tumor Ags in a phys- 
ical form that ensures their optimal uptake by DC.s and the si- 
multaneous activation of MHC class I- and II-restricted T cells. 
DCs "resurrecting" Ags from dying cells have been suggested to 
play a role in the initiation ofautoimmune diseases. This may 
impose limitations on antitumor therapies since normal cells 
and their transformed counterparts share most Ags (15, 16). 
DC vaccination is accompanied by the activation ofautoreac- 
tire MHC class l-restricted cytotoxic T ceils, with destruction 
o ftissues expressing rdevant Ags (15). Different ~lctors, includ- 

ing the turnover of MHC/peptides complexes and the ineffi- 
cient processing of cell-associated Ags contribute to limit the 
activation of autoreactive T [ymphocytes.and to quench the 
phenomenon (17)• " " " 

1 i • 

Resul ts  
We -propagated DCs from bone marrow precursors of BALB]c 
and NZBW Ft. We irradiated thymocytes and verified by flow 
cytometry that most cells exposed anionic phospholipids, indi- 
cating that they underwent apoptosis (Fig. 1). Furthermore, 
they excluded PI, indicating that they were still in the early 
phase of  the process. The extent and kinetics of apoptosis of 
cells from BALB/c or NZBW F L mice were similar. We allowed 
DCs to phagocytose apoptotic cells and retrieved them by mag- 
netic bead sorting of CDI l c + cells. In these conditions, most 

DCs (consistently >70%) internalized apoptotic thymocytes. 
Phagocytosis abated at 4°C, i.e., a temperature that does not 
allow the reorganization of the actin-based cFoskeleton (6_3 +_ 
11% at 37°C vs 7 - 2% at 4°C,? < 0.01). 

DCs from BALBIc and NZBW F I mice expressed before or 
after phagocytosis similar levels of molecules involved in T cell 
activation and costimulation, including CD40, CD80, CD86, 
and MHC class I[ molecules (Fig. 1 and data not shown). We 
injected BALB/c or NZBW F I mice with DCs that phago W- 
tosed syngeneic apo,ptotic cells and assessed serological, clinical, 
or pathologic evidences of autoimmuni~,. As a control we in- 
jected mice with DCs alone or with PBS. 

All animals injected with DCs that phagocytosed apoptotic 
cells developed high titers ofautoantibodies (Fig. 2). They de- 
veloped statistically significant higher titers of ANA than mice 
immunized with untreated DCs or PBS (NZBW FI: wk 20 of 
age,p < 0.0:5 vs DCs andp < 0.01 vs PBS-injected animals; wk 
30 of age, p < 0.01 vs both DC- or PBS-injected animals, Fig. 
2, a and b; BALB/c: wk 20, p < 0.05 vs both DC- or PBS- 
injected animals; wk 30,? < 0.05 vs DCs and? < 0.01 vs PBS- 
injected animals, Fig. 2, c and d). NZBW F I mice also devel- 
oped higher titers ofanti-dsDNA (wk 30,p < 0.05 vs both DC 
PBS-injected animals, Fig. 2, g and h). Fig. 2 also shows that 
vaccination with DCs that did not phagocytose irradiated cells 
did not influence ANA and anti-dsDNA Ab titers. 

Titers of  autoantibodies were similar in 20-wk-old injected 
BALB/c or N Z B W  F l mice (Fig. 2, a and c). At wk 30 of age 
(Fig. 2, b and d), NZBW F 1 mice alters of ANA and anti- 
dsDNA Abs were higher than those of BALB/c (Fig. 2, ? < 
0.05). Fig. 2, e and f,  depicts resuhs obtained in representative 
BALB/c and NZBW F I mice. NZBW F l mice ANA titers re- 
mained higher than control animals and raised steadily in 

ii7 :.):: 
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boosted animals. In contrast, BALB/c ANA titers dropped to 
baseline levels. A second self-limiting Ab response developed in 
BALB/c mice further vaccinated at 24 wk of age. 

Fig. 3a shows that 12.5% of N Z B W  F t vaccinated with DCs 
that phagog"tosed irradiated ceils were dead after wk 28 of age 
and 50% of animals died by wk 32. At this time point we sac- 
rificed surviving animals and controls. Surviving animals had 
overt clinical involvement, wi(h a significant increase of the 
body weight, consistent wkh anasarcatic state due to end-stage 
renal disease (average weight ± SD: mice injected with DCs 
that phagocytosed irradiated cells 43.7 -4- 9.4 g, mice injected 
with DCs alone 31.2 - 4.3 g, mice injected with PBS 28.4 ± 
3.2 g,p < 0.05 vs both DC- or PBS-injected animals, Fig. 3, e 
and f ) .  BALB/c mice were unaffected (Fig. 3, b and d). Pro- 
reinuria in vaccinated NZB\V Ft mice was the most strikingly 
affected clinical parameter (Fig. 3c). We failed to detect any ac- 
celeration in kidney involvement in mice injected with synge- 
neic DC, s alone, which behaved as PBS-injected mice. 

BALB/c tissues were healthy. The brain, heart, lung, and liver 
of NZBW F! injected with PBS, DCs alone, and DCs that in- 
ternalized apoptotic cell were also normal (data not shown). 
The kidney of NZBW F! mice vaccinated with DCs that inter- 
nalized apoptodc cells exhibited diffuse proliferative glometu- 
Ionephritis, with mesangial and capilia~ 3, hypercellularity, cel- 
lular crescents, and fibrinoid necrosis (Fig. 4a). Kidney 
involvement and deposition of  immune complexes were con- 
firmed by immunolquorescence and electron microscopy (Fig. 4, b 
and c). Healthy NZBW Fj mice injected with PBS or DCs alone, 
or BALB/c mice, regardless of  the treatment the)' received, re- 
vealed no significant glomerular disease (Fig. 4 and Table I). 

D i s c u s s i o n  
Stringent constrains regulate the abiliq," o fT  cells to cause au- 
roimmunity. Two linked events are limiting: I) the amount arid 
the duration ofMHC-restricted epitope presentation in lymph 
nodes; 2) the ability of DC to process soluble Ags for MHC 
class I presentation (16, 17). Immature DCs efficiently process 
cell bodies, presenting derived epitope~ in association With 
MHC molecules. Vaccination o f  rodents with DCs that phago- 
cytosed in vitro dying tumor cells leads to the recruitment of 
tong-lasting immune responses, endowet with memory and 
specificity (I, 2, 10, 12). Conversely, DCs that phagocytosed 
human dying cancer cells prime antineopl istic T lymphoq'res 
in vitro (3, 6, 13, 14). Although the rood, ofcdl death (apo- 
ptosis vs necrosis) influences the efficiency of the response in 
different systems, the cross-presentation ofepimpes of dead tu- 
mor cells has been substantiated by virtually all studies. 

Dead tumor cells share most Ags with their nontransformed 
counterparts. Immunization of  patients with DCs that phago- 
cyrosed apoptotic tumor cells is likely to elicit autoimmune re- 
sponses (18). Our results are consistent with this hypothesis. 
We vaccinated healthy mice, predisposed or not to the devel- 
opment of autoimmunity, with DCs that phagocytosed apo- 
ptotic thymocytes. All vaccinated mice developed autoantibod- 
ies. Autoantibodies in normal mice progressively disappeared 
and did not cause auroimmune disease or tissue damage. In 
contrast, animals predisposed to autoimmuni 9' devdoped pro- 
gressive and eventually lethal organ involvement. 

Thymocytes represent a source ofsyngeneic cells, for which 
the response to apoptotic stimuli is well-characterized. We used 
a more stringent vaccination schedule compared with previous 
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reports (1, 10). However, we cannot exclude that different 
routes or schedule of  race[ nation could be more efficient in el[c- 
king autoimmunity. Furthermore, the altered gene expression 
in tumor cells committed to apoptosis and the disease-rdated 
immune depression might also influence the outcome of DC 
vaccination. 

Our data are consistent with the lack of clinically evident au- 
toimmu,lig- after vaccination with DCs. In the absence of clin- 
ical disease, transient autoandbody responses in vaccinated pa- 
tients may go undetected. Therefore, rhe use of DCs that 
phagocytosed dying tumor cells should be relatively sate. How- 
ever, extreme caution should be used in the treatment of neo- 
plastic patients with a predisposition to the development ofau- 
toimmunity, as suggested by the familial and personal clinical 
history and by the demonsrrarion of  clinical and laborato 9" fea- 
tures of ongoing auroimmunity. 

CONTINUED 
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FIGURE 1. DC vaccination. Thymoo.tes from NZBW p I or BALBA: mice 
were committed to apoptosis by gamma irradiation and anal)-zed by flow cy- 
tometry (lefiplou) after staining with PI (~-nxls) and FlTC-annexln V (x-a.,:is). 
DC.s were derived from bone marrow precursors, allowed to phagocytose syn- 
gentle apopcotlc cells and injected in vivu (see M, tterlaL" andMetho~-). Histo- 
grams show the expresslon of membrane molecules from NZBW F t and 
BALBIc DCs. evaluated b)" flow cytometry immediately belbre iu vivo 
injection. 
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FIGURE 2. Autoantibodies. ANA (arbitra O' units) and anti-dsDNA (fold 
dilutions) Abs *".ere assessed after vac¢inatlon ofNZBW F t mice (diamondsl or 
BALB/c (circles) with DCs that phagocytosed s)'ngeneic irradia:ed cells (filled 
symbols), with DCs alone (gray" symbols) or PBS (empty symbols). Data refi.,r to 
mice at 20 (NZBW Fi. a and g; BALB/c, c arid D or 30 wk of age (NZBW Fi, 
b artd h; BAI.BIc, dand/), e andf'ANA kinetlcs from representative NZBW [:, 
and BAl.BIc mice. St~tdcttt's ¢ teat for ANA and ,~" test resnlts file anti-ds[')NA 
arc: *,p < 0.05 and ~: ,p < 0.01. 

"['able I. Pathelagical kid~ O score 

OM + I:M" E.", V 

NZBW F I 
Pt3S 1/8 218 
Dis  1/6 3/6 
DCs + apo" 617": 717"" 

BALB/c 
PBS 0/4 014 
DCs 0/4 014 
DC.s + apo 014 

Mice were exa~ned by optical microscopy 
(OM), fluorescent microscopy (FM) or 
electron microscopy ('EM) by an expert 
pathologist, and scored from 1 to 4 (normal 
to increasing .severity). The table shows 
number of  mice in each group with a score 
of  2 or greater/total number analysed, 
*, p <  0.05 , **  p<0.01 c o m p a r i n g  D C  tha t  
had  p h a g o c y t o s e d  irradiated cells ,  c o m p a r e d  
to  cont ro l s .  

a N Z B W  F I 

l lU 1'O TJ 
o 

i , 
I ,, 24 

C 
30 

• , , 

16 24 

b Balb, 'C 

e 

p o HIS ] 
o DCs I 
• D (.':," ap,', I 

)2 -I+) 48 .% I+ 24 12 -4+) .is ~,, 

; ice  (*,'.*:*:ks] d : lge  (w¢' , :kS'l  

.lo 

Iq 

u '  ~ ~  

)'-~ l¢) "1~1 ~, 16 "4 .'12 .ll) 4,~; 3e, 
age (,.recks) ~ge (weeks i 

f 

,, 

F IGURE 3. Cliulc,'d ,'t.,~sessrne,t. NZB",";" Ft mice (diamonds) or BALB/c 
(circles) vaccinated with DCs dlat phagog'tosed syngendc irradiated cells 
(filled symbols), svlth DCs .'done (gray s.',mbols) or with PBS (empty symbols) 
were studied, a and b contain Ka,t,[an-,k!eyer plots of survival and rand dpro- 
teinuria _.T. SEM (milligrams per mouse per da.v,)-axis) over time (weeks of age, 
x-axls) from NZBW F, and BALI]&. resTe¢.ivek... Fisher's exact and Studends 
e tests rest*Its |'or survival and protelnuria of mice vaccinated with DCs thac 
phagocytoscd apoptntic cells con*pared *,i:h controls arc: **,p < 0.0 l. e andf. 
l'icturcs of representative 32-wk-nld NZ89." l: I mice *'accinatcd with untreated 
DCs or DCs that phagocytt*sed irradlawd #..gcneic ,:ells. respectively. 
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