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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 Section B:  60/180
(essay, 1 out of 4) (short answers, 3 out of 6)

Section C.  60/180
(choose ONE paper from this section)
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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.

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

4. Discuss the various immunological mechanisms that may underlie
different sorts of “allergy”.

Section B

Write short notes on THREE of the following:

1.

2.

The immunological synapse.
Hyperacute rejection.

Positive selection.

Measuring T cell responses.
Antibody-mediated tumour therapy.

Maternal tolerance to the foetus.
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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:

1.

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

The following abbreviations are used:

OVA - ovalbumin

LPS - lipopolysaccharide

BAL - bronchio-alveolar lavage (a measure of the number of
inflammatory cells in the lung)

APC - antigen presenting cells

TLR4d - toll-like receptor 4 deficient mice

WT - wild type

DLN - draining lymph node

BMDC - bone marrow derived dendritic cells

PBS - 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 - dendritic cells

Ags - antigens

ANA - anti-nuclear antibodies
PBS - phosphate buffered saline

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

The Methods section, and al! the references have NOT been included.
NOTE - Fig 4 is not shown.
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4—dependent T Helper Cell Type 2 Responses to

C306 IMMUNOBIOLOGY
Lipopolysaccharide-enhanced, Toll-like Receptor

Inhaled Antigen

Introduction

Asthma is a pulmonary inflammarory disease believed to be
due to aberrant Th2 immune responses to commonly in-
haled antigens (1). Only a subset of people exposed to these
acroallergens, however, develop pathological Th2 re-
sponses, and this process is not well understood. In particu-
lar, the role of adjuvants and the innate immune system in
the induction 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 houschold dusts. LPS activates
cells through TLRA with the accessory proteins CD1+ and
LPS binding protein (3), signabing through a common
adaptor protein MyD88. This results in the transcription of
several activation markers including MHC Il and B7 mole-

cules and the production of [L-1, IL-12, and TNF-a (3).

The role of endotoxin exposure in asthim development in
children has been controversial, with studies indicating ei-
ther a protective role through Th1 induction or an exacer-
bating effect on asthima 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 asthma severity is a result 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 thar Th! adaptive immune responses re-
quire TLR 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 acroallergen sensitization at the
site of natural exposure, namely the lung, 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 murine model of Th2 pulmonary in-

. . . . . - hala-
flammation in which priming occurs nft::rqntxgcx_x inhal
tion without the use of alum.

Results

Dose of LPS Detenmincs Type of Immunce Response Gener-
ated to Inhaled Antigen.  We have previously shown that sen-
sitization of mice by exposure to inhaled O VA 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 of contaminating LPS (<0.001 pug)
or OVA with a high (100 pg) orlow (0.1 pg) 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 (3). Mice exposed to LPS-
depleted OVA showed no airway inflammatory responses
after challenge with inhaled antigen (Fig. 1 A) and had rotal
BAL cell numbers equivalent to PBS controls. In contrast,
mice sensitized with OVA contining low dose LPS dem-
onstrated significant increases in total BAL cell numbers as
well a5 lung tissue infiltrates and airway mucus secretion
(Fig. 1, A + * 1. Both airway and tissue infiltrates were
dominated by eosinophils, consistent with Th2-mediated
inflammation. Draining lymph node (DLN) [L-5 and IL-
13 production confirmed the Th2 nature of the inflaimma-
tory response (Fig. 1 C). Mice exposed co PBS or low dose
LPS alone did not generate pulmonary inflammation after
OVA challenge (Fig. 2 A).

As LPS is known to be a potent inducer of IL-12 pro-
duction from APCs iu vitro, it might be expected to pref-
ercntially stimulate Th1 responses. Therefore, we tested
whether the surprising induction of Th2 responses was a
result of the low dose of LPS exposure. Use of a high dose
of LPS during intranasal OVA priming resulted in a2 Thl-
assoctated response dominated by neutrophils and an ab-
sence of airway mucus production in the lung (Fig. 1, A
and L, reference 10). IFN-y production from DLNs con-
firmed the induction of a Thi 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 IgE and IgG1) versus Thl (high IgG2a) immunicy,
respectively (Fig. 1 D). Thus, no airway inflimmartory 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 ThZ Priming tv Inhaled An-
tigens.  The requirement for LPS in the generation of Th2
responses to inhaled antigen was confirmed in C.C3H-
Tirqgtr4 mice (13) expressing a nonfunctional TLR4
(TLR4d). 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-
wined similar results using C3H/He] mice. Th1 responses

initiated with high dose LPS were similarly abrogated in

TLR4d mice (not depicted). . .
These data support the observation that LPS 1s required

for the development of Th2 (snd Th1) responses 10 inhaled
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antigen. However, because LPS signaling is absent during
both sensitization and challenge in TLR 4d mice, we next
asked atr what stage LPS was required (6). To address this
question, Th2 cell-dependent OV A-specific antibody se-
cretion was measured. TLR4d mice demonsteated signifi-
cantly reduced OVA-specific IgG1 and no IgE or IgG2a
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 (3.9 * 1.4 X 10%in WT vs.
2.3 + 0.3 X 10%cells in TLR4d). Thus, there was evidence
of abrogated Th2 priming in TLR4d mice by systemic an-
tibody responses, DLN cellularity, lung inflammation, and

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

TLRAd Mice Are Capable of Mounting Th2 Responses Using
the Adjuvant Aluminum Hydrxide. To confirm that re-
cruitment pathways were intact in the hungs of "['LRskl
mice, a TLR+4 independent mechanism of Th2 priming was
ased. Alum is a potent Th2 adjuvant that do.es nat contain
microbial products and therefore should not involve TLR4
signaling to initiate immune responses. Thcr_efore, TLR.4d
and WT mice were immunized intraperitoneally with
OVA/alum or intranasally with OVA/LPS. 2 wk later,
both groups were challenged with inhaled .antigcn.. T.I,R-¥d
mice were fully capable of initiating Th2 immunity in the
presence of a non-TLR4 adjuvant as evidenced by eosino-
philic BAL inflammation and Th2 cytoki.nc responses in the
lung DLNs (Fig. 3. A and B). Thus, circumventing dc.ﬁ-
cient Th2 priming with the adjuvant alum results in equiv-
alent pulmonary inflammation in TLR-’%.d :\nc? WT mice,
indicating that lung recruitment of e.osmophlls and lym-
phocytes is not impair::d in TL}{:ld mice.

e iiaal

DC IL-12 Production Differs after Exposure to Low and High
Doscs of LPS.  LPS is known to induce both cell surface
DC macuration and the production of TNF-g, IL-1, and
[L-12 (3). As IL-12 is a potent Th1 skewing cytokine, we
hypothesized that differences in 1L-12 production follow-
ing high versus low dose LPS inhalation with OVA might
explain the induction of Th1 versus Th2 responses, respec-
tively. To test this, serum 1L-12 levels were analyzed. In
contrast to mice immunized with low dose LPS OVA, WT
mice immunized with high dose LPS OVA had signifi-
candy higher levels of serum IL-12 (Fig. 5 A). In vitro eval-
vation of WT BMDC confirmed that only high dose LPS

was capable of inducing [L-12 production, whereas OVA
(conuaining low dose LPS) did not (Fig. 5 B). These dat
are consistent with the differential inflammatory response
observed in vivo (Thl vs. Th2) and implicate an LPS
threshold requirement for 1L-12 secretion. Interestingly,
TNE-a, a cytokine capable of inducing DC maturation
and Th?2 sensitization, was unable to induce IL-12 in WT
BMDGCs. This is consistent with our observations that
TNE-o administration during priming was capable of res-
cuing Th2 responses in TLR4d mice without the induc-
tion of Thl immunity (Fig. 4 A). As expected, no 1L-12
was detected from TLRA4d serum or BMDCs stimulated
with OVA, TNF-«, or LPS.
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Discussion

The results presented here support 2 model of sensitiza-
tion to inhaled inert proteins that requires LPS and the
TLR A signaling pathway. In addition, the amount of LPS
present during sensitization determines whether Th1 or
Th2 immunity is observed. Although recent studies in
MyD88-deficient mice support a role for TLRs in the gen-
eration of Th1 responses to proteins, Th2 responses were
shown to be MyD88 independent, suggesting TLR signal-
ing is not important for the induction of Th2 cells (7).
However, recent work with MyD88-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 2 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 TLR4
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 TLR-
dependent adjuvanss in the induction of Th2 responses and
the LPS dose differential of Th1/Th2 activation.

Another study using crystalline OVA in alum intraperi-
toneally suggested that TLR4-defective mice could not re-
call Th2-type inflaimmation to the lung (135). However, the
results presented here demonstrate that T cell priming us-
ing the adjuvant alum and cell recruitment to the lung are
intact in TLR 4d mice, as would be expected from an LPS-
free, non-TLR~dependent adjuvant such as aluminum hy-
droxide (Fig. 3 A). This discrepancy may lie in the genetic
variation that could occur between the substrains of mice
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 immunity 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 contaminadon (16).

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

port a differential dose model with endotoxin exposure
correlated with both increased and decreased incidence of
lung disease and severity (1). Our data provide 2 model to
explain these conflicting findings in that OVA exposure in
the presence of high dose LPS fails to induce Th2 cells, but
instead induces both 1L-12 production and a Th1 response.
By contrast, low dose LPS is not sufficient to induce Th1
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. Recently discovered missense mutations
in human TLR4 could Likewise provide an explanation for
the variability in human sensitization to ubiquitous aero-
allergens (18).

Respiratory syncytial virns (RSV) 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 immune response to RSV is
mediated by CD14 and TLR4 (19). This raises the ques-
tion of whether LPS has a unique role in asthma or if other
TLR ligands could induce Th2 sensitization.
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Figure 1. The dose of LPS inhaled with antigen determines the nature of the immune response generated. (A) BAL inflammatory cells of BALB/c mice
exposed 1o LPS-depleted OVA (open bars), OVA with low dose LPS (gray bars), or OV A with high dose Eschenichia cohi LY'S (sohd bars; Sigima-Aldnch) af-
ter chullenge. Monocytes consticute the remainder of BAL cells (not depicted). Bars depict the mean = standard deviation. *, P < 0.01 (eosinophils in de-
pleted vs. low LIS groups): °*, P < 0 01 (eosinophils in high vs. low LPS groups); ***, P < 0.01 {number of neutrophils in high vs_ fow LPS groups). One
representative expeniment of six is shown. {B) Representtive lung sections stained with HAE or PAS at 100X, Arrows indicate areas or peribronchiolar
cellular infiltrate (H& E) or positive mucus staming (PAS). (C) Cytokine production from lung draning LNs in Jow (sold bar) and high (open bars) dose
LPS groups. One representative experiment of four is shown. NID, not detectable. (D) Serum antibodies of low (A) and high (O) dose LPS groups are
compuared with pooled sera from naive BALB/¢ mice (X). Line depicts the mean. P < 0.05 (LPS high vs. low dose) for oG IgE, and 12G20 respunses.
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Figure 2.  TLRY signaling is required for Th2 sensitization to inhaled 0 NO ND 0 NO ND ND
OVA. {A) BAL inlamnurcory cells of WT or TLR4d mice sensitized in- OVA TNF-u LPS OVA TNF-a LPS
tranasally with OVA with low dose LPS (0.1 pg). or WT primed with )
(total BAL celt number from TLR4d vs. WT) One representative exper- Er:f“s\:::: clll(-hcl-;}flp-i\oil](;:(;’c s )o:;rclllcl)y\vz(oof P:;"I’c':::’-d:‘:;’l-'}"‘;“i;‘-; ]oLvl":
iment of six is shown. (B) Serum antibody responses by ELISA on day 21 \ :1 i f‘g \VT;‘Lg TLRA B\“S rv : ] . iy
in WT (A) and TLR3d (#) mice compared with pooled naive serum (p70) production rom or MDCs after stimulation with
";( P <003 T vs. TRLD for | Glp 4 IeE P ’ ’ 100 pg/ml OVA with low dose LPS. 100 ng/m] TNF-e, or high dose
(%). P <0.05 (WT vs. ) for 1gG1 and IgE responses. (50 ngZml) LUS for 12 h. ND, not detectable.
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] _ Dissociation Between Autoimmmune Response
and Clinical Disease After Vaccination with Dendritic Cells

effort toward the development of immunotherapeutic

strategies. Dendritic cells (DCs)? loaded with tumor
Ags have been used in patients with melanoma, renal cell carci-
noma, colon, breast and ovarian cancer, lymphoma and pros-
tate cancer, with evidence of enhanced T cell immunity and, in
some cases, clinical benefic. Whole dying tumor cells represent
a source of tumor Ags. DCs that phagocytosed apoptotic tumor
cells activate tumor-specific T cells in vitro and in vivo (1-14).
Dying tumor cells contain a whole array of cumor Ags in a phys-
ical form thar ensures their optimal uptake by DCs and the si-
mulraneous activation of MHC class I- and 1[-restricted T cells.
DCs “resurrecting” Ags from dying cells have been suggested to
play a role in the initiation of autoimmune diseases. This may
impose limitations on antirumor therapies since normal cells
and their transformed counterparts share most Ags (15, 16).
DC vaccination is accompanied by the activation of aucoreac-
tive MHC class I-restricted cyrotoxic T cells, wich destruction
of tissues expressing relevant Ags (15). Difterent facrors, includ-

rj[ﬂ he identification of twnor-associated Ags prompted an

ing che turnover of MHC/peprides complexes and the inefhi-
cient processing of cell-associated Ags contribute to limit the
activation of autoreactive T lymphocytes and to quench the

phenomenon (17).”

Results _
We propagated DCs from bone marrow precursors of BALB/c

and NZBW F,. We irradiated thymocytes and verified by flow
cytometry that most cells exposed anionic phospholipids, indi-
cating that they underwent apoprosis (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, mice were similar. We allowed
DCs to phagocytose apoprotic cells and recrieved chem by mag-
netic bead sorting of CD11c” cells. In these conditions, most

DCs (consistently >70%) internalized apoptotic thymocyres.
Phagocyrosis abated at 4°C, i.e., a temperature that does not
allow the reorganization of the actin-based cytoskeleton (63 *
11% ar37°Cvs 7 £ 2% at 4°C, p < 0.01).

DCs from BALB/c and NZBW F, mice expressed before or
after phagocytosis similar levels of molecules involved in T cell
activarion and costimulation, including CD40, CD80, CD86,
and MHC class It molecules (Fig. 1 and data not shown). We
injected BALB/c or NZBW F, mice with DCs thar phagocy-
tosed syngeneic apoproric cells and assessed serological, clinical,
or pathologic evidences of autoimmunity. As a control we in-
jected mice with DCs alone or wich PBS.

All animals injected with DCs that phagocytosed apoprotic
cells developed high titers of autoantibodies (Fig. 2). They de-
veloped statistically significant higher citers of ANA than mice
immunized with untreated DCs or PBS (NZBW F,: wk 20 of
age, p < 0.05 vs DCsand p < 0.01 vs PBS-injected animals; wk
30 of age, p < 0.01 vs both DC- or PBS-injected animals, Fig.
2, @ and b; BALB/c: wk 20, p < 0.05 vs both DC- or PBS-
injected animals; wk 30, # < 0.05 vs DCsand p < 0.01 vs PBS-
injected animals, Fig. 2, cand d). NZBW F, mice also devel-
oped higher titers of anti-dsDNA (wk 30, p < 0.05 vs both DC
PBS-injected animals, Fig. 2, g and 4). Fig. 2 also shows that
vaccination with DCs thar 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 NZBW F, mice (Fig. 2, 7 and ¢). At wk 30 of age
(Fig. 2, b and &), NZBW F, mice titers of ANA and anri-
dsDNA Abs were higher than those of BALB/c (Fig. 2, p <
0.05). Fig. 2, e and £ depicts resules obrained in representative
BALB/c and NZBW F, mice. NZBW F, mice ANA titers re-
mained higher than control animals and raised steadily in

TURN OVER
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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 vaccinared at 24 wk of age.

Fig. 3a shows that 12.5% of NZBW F, vaccinated with DCs
that phagocytosed irradiated cells were dead after wk 28 of age
and 50% of animals died by wk 32. At this time point we sac-
sificed surviving animals and controls. Surviving animals had
overe clinical involvement, wich a significant increase of the
body weight, consistent wich anasarcatic state due to end-stage
renal disease (average weight = SD: mice injected with DCs
that phagocytosed irradiated cells 43.7 * 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, ¢
and £). BALB/c mice were unaffected (Fig. 3, 4 and o). Pro-
teinuria in vaccinated NZBW F| mice was the most strikingly
affected clinical paramerter (Fig. 3¢). We failed to detect any ac-
celeration in kidney involvement in mice injected with synge-
ncic DCs 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 thac in-
ternalized apoptotic cell were also normal (data not shown).
The kidney of NZBW F, mice vaceinared with DCs thar incer-
nalized apoptotic cells exhibited diffuse proliferative glomeru-
lonephritis, with mesangial and capillary hypercellularicy, cel-
lular crescents, and fibrinoid necrosis (Fig. 44). Kidney
involvement and deposition of immune complexes were con-
firmed by immunofluorescence and electron microscopy (Fig. 4, b
and ¢). Healthy NZBW F| mice injected with PBS or DCs alone,
or BALB/c mice, regardless of the treatment they received, re-
vealed no significant glomerular disease (Fig. 4 and Table I).

Discussion

Stringent constrains regulate the ability of T cells to cause au-
toimmunity. Two linked events are limiting: 1) the amount and
the duration of MHC-restricted epitope presentacion in lymph
nodes; 2) the ability of DC to process soluble Ags for MHC
class I presentation (16, 17). Immature DCs efficiendy process
cell bodies, presenting derived epitopes in association Wwith
MHC molecules. Vaccination of rodents with DCs that phago-
cytosed in vitro dying tumor cells leads to the recruitment of
long-lasting immune responses, endowel with memory and
specificity (1, 2, 10, 12). Conversely, DCs that phagocytosed
human dying cancer cells prime antineop!istic T lymphocytes
invitro (3, G, 13, 14). Although the mod: of cell death (apo-
ptosis vs necrosis) influences the efficiency of the response in
different systems, the cross-presentation of epitopes 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-
cyosed apoptotic tumor cells is Jikely co 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 phagocyrosed apo-
ptotic thymocytes. All vaccinated mice developed autoantibod-
ies. Autoanribodies in normal mice progressively disappeared
and did not cause auroimmune disease or tissue damage. In
contrast, animals predisposed to autoimmunity developed pro-
gressive and eventually lethal organ involverment.

Thymocytes represent a source of syngeneic cells, for which
the response to apoprotic seimuli is well-characterized. We used
a more stringent vaccination schedule compared witch previous

27

reports (1, 10). However, we cannot exclude that different
routes or schedule of vaccination could be more efficientin elic-
iting autoimmunicy. Furthermore, the altered gene expression
in tumor cells committed to apoptosis and the disease-related
immune depression might also influence the outcome of DC
vaccination.

Qur dara are consistent with the lack of clinically evident au-
toimmunirty after vaccination with DCs. In the absence of clin-
ical disease, transient autoantibody responses in vaccinaced pa-
tients may go undetected. Therefore, the use of DCs that
phagocytosed dying tumor cells should be relatively safe. How-
ever, extreme caurion should be used in che treatment of neo-
plastic patients with a predisposition to the development of au-
toimmunity, as suggested by che familial and personal clinical
history and by the demonstration of clinical and laboratory fea-
ures of ongoing autoimmunity.

CONTINUED



C306 IMMUNOBIOLOGY

_Axy CDllc CD40 CD30 CD86 MHC I >

o N
-9 R RN | fJ‘\ f‘m- g
7% hI W _ o -

W A A (P (1
N , h lft\‘f\
FIGURE 1. DCvaccination. Thymocytes from NZBW F, or BALB/¢ mice
were committed to apopeosis by gamma iccadiation and analyzed by flow cy-
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DCs were derived from bone marrow precursors, allowed ta phagocytose sya-
geneic apaprotic cells and injected in vivo (see Muterish and Ma/m};). H is'm_
grams show the expression of membrane molecules from NZBW F, and

BALB/c DCs, evaluaced by flow oyromecry immediately before in vivo
injection.
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FIGURE 2. Autcanribodies. ANA (arbitrary units) and anti-dsDNA (fold
dilutions) Abs were assessed after vaccination of NZBW F| mice (diamonds) or
BALB/c (circles) with DCs thar phagocytosed syngeneic irradized cells (filled
symbols). wich DCs alone (gray symbols) or PBS (empey svmbols). Daca refer to
mice at 20 (NZBW Fy. # and g BALB/c, r and ) oc 30 wk of age (NZBW F,.
band /; BALB/¢, dand ). eand £ ANA kinetics from representative NZBW F,
and BALB/c mice. Studeat’s £ test for ANA and x7 test reaudes for anti-dsDNA
are: %, p < (0035 and ¢, p < Q.01

Table . Patkological kiduey score

ONM~ FM* EMT

NZBW Fi

PBs 1/8 28 /3

DCs 1/6 316 16

DGCs + apo” 617 77 517°
BALB/c

PBS 0/4 0/4 0/4

DCs 0/4 0/4 0/4

DCs + apo 074 174

Mice were examined by optical microscopy
(OM), fluorescent microscopy (FM) or
electron microscopy (EM) by an expert
pat.hologist, and scored from 1 to 4 (normal
10 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<p 0] comparing DC that
had phagocytosed irradiated cells, compared
to controls.
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FIGURE 3. Clinical assessment. NZBW F| mice (diamonds) or BALB/c
(circles) vaccinated with DCs thar phagocyrosed syngeneic ieradiated cells
(filled symbols), with DCs alone (gray symbols) or with PBS {empty symbols)
were studied. 2 and & contain Kaplan-Mever plots of survival and ¢ and o pro-
teinueia = SEM {milligeams per mouse per day, p-axis) over time {weeks of age,
x-axis) from NZBW Fy and BALB/c. respectively. Fisher's exact and Stdeac’s
¢ tests resules For survivad and proteinuria of mice vacciraced with DCs thae
phagoeytosed apopratic cells compared wizh controls are: *#, p < 0.01. cand f
Pictures of eepresentacive 32-wh-old NZBW £ mice vaccinated with unteeaced
DCs or DCs chae phagocywosed ircadiaied ssngeneic cells, respectively.
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