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The Fc-region of a new class of intact bispecific
antibody mediates activation of accessory cells and NK
cells and induces direct phagocytosis of tumour cells
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Summary Bispecific antibodies (bsAb) are considered as promising tools for the elimination of disseminated tumour cells in a minimal
residual disease situation. The bsAb-mediated recruitment of an immune effector cell in close vicinity of a tumour cell is thought to induce an
antitumoural immune response. However, classical bispecific molecules activate only a single class of immune effector cell that may not yield
optimal immune responses. We therefore constructed an intact bispecific antibody, BiUll (anti-CD3 x anti-EpCAM), that not only recognizes
tumour cells and T lymphocytes with its two binding arms, but also binds and activates Fcy-receptor positive accessory cells through its
Fc-region. We have demonstrated recently that activated accessory cells contribute to the bsAb-induced antitumoural activity. We now
analyse this stimulation in more detail and demonstrate here the BiUll-induced upregulation of activation markers like CD83 and CD95 on
accessory cells and the induction of neopterin and biopterin synthesis. Experiments with pure cell subpopulations revealed binding of BiUll to
CD64+ accessory cells and CD16+ NK cells, but not to CD32+ B lymphocytes. We provide further evidence for the importance of the
Fc-region in that this bispecific molecule stimulates Fcy-R-positive accessory cells to eliminate tumour cells in vitro by direct phagocytosis.
© 2000 Cancer Research Campaign
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Bispecific antibodies are regarded as efficient tools for theation by professional antigen-presenting cells (APCs) or activated
immunological treatment of disseminated tumour cells in minimalaccessory cells and costimulatory molecules like CD40, LFA-3,
residual disease situations. Usually, they are constructed to targéD80, and CD86 in the presence of cytokines such as IL-2 and IL-
tumour cells by a specific or tumour-associated antigen and tb2 (Inaba and Steinman, 1984; Stiiber et al, 1996). This reveals the
recruit one class of immune effector cell, either T cells or accesgmportance of the subclass combination for induction of activation
sory cells like monocytes or natural killer cells. However, long-signals via the Fc-receptor of accessory cells. A similar T-cell
lasting immune reactions in vivo are much more complex andedirecting bsAb, SHR-1 (anti-CD¥ anti-CD19), with the
depend on the activation of different classes of immune effectosubclass combination mouse Ig&tat IgG2b was neither able to
cells, especially in the initial phase of the immune response. Thiactivate accessory cells via its Fc-region in a clinical study (de
is usually regarded as the major drawback of conventional bsABast et al, 1995) nor in in vitro assays without addition of exoge-
that may not yield full immune responses at the tumour site. Waous IL-2 (Klein et al, 1997). Moreover, the antitumour efficiency
have developed a new class of bispecific antibody, that isf BiUll is strongly reduced when T cells alone are used as
composed of the two potent subclasses mouse lgG@2algG2b.  effector cells. We therefore postulate that only the activation of
BiUll, a member of these new bispecific molecules, targetsnore than one class of immune effector cell is necessary to
tumour cells via the pan-carcinoma antigen EpCAM andprovide optimal antitumour efficiency. Furthermore, phagocytosis,
T-lymphocytes via CD3. But, in contrast to other bispecific processing, and presentation of tumour material by APCs are
molecules described to date (Fanger et al, 1990; Valerius et arerequisites for the induction of a polyclonal humoral and cellular
1997; Weiner et al, 1995), it also binds and activates humgan Fcantitumour immune response. These data are in accordance witt
receptor-positive accessory cells like monocytes/macrophagethe work of Clynes et al (1998), who recently demonstrated the
NK cells, and dendritic cells (DCs) via its Fc-region. Activation of importance of Fc receptors in passive and active immunity to a
these accessory cells results in the upregulation of costimulatorpelanoma model.
molecules like CD40, CD80, and CD86 and the production of
cytokines like IL-2, IL-6, and'DC—CKl (Zeidler et al,. 1999). MATERIALS AND METHODS

Although T cells are considered to be the most important cells
for tumour cell elimination, they depend on proper antigen presenc-:eII lines and PBMC preparation

Received 7 December 1999 PCI-I (a gift from Dr T Whiteside, Pittsburgh, PA, USA) is an
Revised 2 March 2000 adherent squamous carcinoma cell-line of the head and neck
Accepted 10 March 2000 (SCCHN) and is kept in DMEM with 10% FCS. The cell-line
Correspondence to: H Lindhofer expresses EpCAM but lacks CD80 and CD86 as tested by flow
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Figure 1  Binding of BiUll to PBMC subpopulations. PBMCs were incubated

with BiUll and binding was assessed by FACS analysis. (A) BiUll recognizes,
albeit weakly, CD14+ monocytes (black line). As monocytes do not express
CD3, binding of BiUll is probably mediated by the Fc-region that binds to
FcyRI with high affinity. (B) BiUll strongly binds to CD3-expressing
CD4+/CD8+ T lymphocytes. (C) No binding of BiUll antibodies was observed
on CD19+ B cells. Isotype control = dotted line.
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cytometry (not shown). Peripheral blood mononuclear cells
(PBMC) were isolated from heparinized blood of voluntary donors
by Ficoll density centrifugation.

Monoclonal antibodies

mAbs for FACS analysis were from Pharmingen (Hamburg,
Germany) except the DC-specific antibody BMA-X11 (Dianova,
Hamburg, Germany).

Generation of dendritic cells

The adherent fraction of PBMCs was incubated for 7 days in
Iscove’s medium with 5% FCS (both Gibco BRL, Gaithersburg,
MD, USA) and 800 U mt each of human IL-4 and GM-CSF
(both Boehringer Mannheim, Penzberg, Germany).

FACS® analysis

For FACS® analysis, 1B cells were incubated with the primary
antibody for 30 min on ice in PBS with 2% FCS. Cells were
washed twice in PBS and incubated for another 30 min with the
second, FITC-labelled, antibody. After two final washings, propid-
iumiodide was added and flow cytometry was performed using a
FACSCalibuf cytometer and the CellQuest analysis program
(Becton Dickinson, Heidelberg, Germany). For isolation of highly
purified CDZ cells, PBMCs were incubated with FITC-labeled
antibodies and separated on a FACS-Cdlibur

Production of BiUIl

The BiUIl Quadroma was produced as previously described
(Lindhofer et al, 1995). The following hybridomas have been
used: 2616 (rat 1gG2b, anti-CD3, provided by R Schuh, GSF,
Germany) and C215 (mouse IgG2a, anti-EpCAM, kindly provided
by M Dohlsten, Pharmacia Upjohn, Sweden). To isolate hybrid Ab
molecules of the subclass combination rat IgG2b/mouse 1gG2a
from quadroma, the supernatants were centrifuged, filtered, and
loaded onto a 5ml Econo Pac protein A column (Biorad,
Richmond, CA, USA). After washing with 10 volumes of PBS,
antibodies with the hybrid heavy-chain configuration were eluted
with 0.1 M citric acid, pH 5.1.

Cell culture and killing efficiency

For determination of BiUll-mediated killing of tumour cells and
cytokine production, x 10* PCI-1 cells per well (targets = T)
were pipetted in 96-well flat-bottom plates (Falcon) and PBMCs
or subpopulations of these effectors (= E) were added at E:T ratios
from 40:1 to 1:1. BiUll was used at 10 ng per well in a total
volume of 10Qul per well RPMI with 10% FCS. Plates were incu-
bated for 3 days at 3C in a humified atmosphere and 5% CO

Isolation of monocytes/macrophages and NK cells

CD14+ monocytes/macrophages and CD56+/CD3— NK cells were
isolated from PBMCs using PE-labelled monoclonal antibodies
and a Becton Dickinson FACSVantage cell sorter. Purity of
isolated cells was examined by flow cytometry.

© 2000 Cancer Research Campaign
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A MTT-Assay
40
] I CD14+ To assess BiUll-mediated tumour cell killing, a colourimetric
] ‘ MTT-based assay was performed as previously described (Heo et
301 Y al, 1990). Briefly, PCI-1 target cells were plated in wells of a 96-

well flat-bottom plate and incubated overnight to prepare semicon-
fluent cell monolayers. Effector cells were added to the tumour
cell monolayers at the appropriate ratios and plates were incubatec
for 24—-48 h. After removing effectors by washing, MTT solution
(0.5 mg mt!; Sigma) was added, and plates were incubated for a
further 4 h. The MTT solution was removed and blue crystals of
formazan formed in viable tumour cells were dissolved by adding
dimethylsulphoxide. Plates were read at 540 nm in a spectropho-
tometer and results were calculated based on the mean absorbanc
obtained from at least six wells according to the following
formula: % cell death = 100 (C—E)/(C-B), where C is the optical
cloils: density reading of the cells with target cells in the absence of effec-
tors (control), B is background without any cell population, and E
is the optical density reading of adherent tumour cells remaining in
the well after co-incubation with effector cells.

Activity of GTP cyclohydrolase | and cellular pterin

levels
10° 10t 10? 10° 10* The activity of GTP cyclohydrolase | was determined in the super-
FL1-Height natant fraction of the cell extracts (Tris/HCI, pH 8.0; 2.5 mM
EDTA) after acidic iodine oxidation of the reaction product dihy-
E:glg?Zb IIB(i‘Uél gltimlllllates accesslqry cecils Fohpﬁgsﬂoccytfselgﬁ' tl_"r?our C_er|1|5- droneopterin triphosphate. The neopterin phosphates were sepa
-labelle cells were cocultivated witl S Tor with or without . P .
BiUll. After 15 h, monocytes (CD14+) and B cells (CD19+) were analysed for rated b)_’ |onpa|r|ng HP_LC and ﬂuoromemca”y d_eteaed' Cellular
the presence of FITC, indicating the phagocytosis of PCI cells. (A) The most neopterin and biopterin were determined in aliquots of the cell

prominent FITC mean values (248) were observed in monocytes incubated in xtract: fter idi iodin Xidation roteinization
the presence of BiUIl. A much lower intensity (76) was observed where BiUll extracts after acidic iodine oxidation, dep ote atio by

was omitted. Background value of PBMC was 9. Similar results were trichloroacetic acid, pre-purification by cation-exchange chro-
observed after 24 or 48 h cocultivation period (data not shown). (B) In matography and separation by reverse-phase HPLC, basically as
contrast, no FITC was incorporated in B cells. described previously (Kerler et al 1990)

RESULTS
FITC-labelling and uptake of PCI-1 tumour cells BiUlIl binds to CD3—, Fc yR+ accessory cells

PCI-1 cells were washed twice with®and Mg@* free PBS. 1l we constructed a new class of bispecific antibody, BiUll, that
of FITC (1 mg mt* in Ethanol; Sigma, Deisenhofen, Germany) recognizes epithelial tumour cells via the pan-carcinoma antigen
was then added to eachx2L0° tumour cells in 10 PBS, and  EpCAM (Quak et al, 1990) and redirects T lymphocytes via CD3.
cells were shaken for 30 min at room temperature. Thereafteye have recently shown that BiUll displays an excellent antitu-
FITC-labelled PCI-1 cells were washed twice with cell culturemour activity and also that complete PBMCs are superior to a
medium and added to PBMC cultures. The intensity of FITC+ighly purified T-cell population of the same donor with regard to
labeling was monitored by FACS analysis. Phagocytic capacity ofumour cell killing (Zeidler et al, 1999). We therefore addressed
PBMC co-incubated with FITC-labelled PCI-1 cells and BiUll the question whether BiUll binds peripheral blood monocytes
was revealed by FACS after Staining with PE-labelled mOUSE-antWhich express the h|gh_af'f|n|ty E(RL CD64 and whether these
human-CD14 or -CD19 antibodies. FITC fluorescence intensity oficcessory cells contribute to tumour cell killing. To this end,
vital CD14+ or CD19+ PBMCs was measured and interpreted a8BMCs were incubated with BiUll and a FITC-labelled anti-rat Ig
uptake of FITC-labelled PCI-1 tumour cells. Binding of BiUll to antibody and binding was assessed by FACS analysis. As depictec
PBMC subclasses was revealed by FACS analysis after doublgy Figure 1, BiUll binds to CD14+, albeit weakly. Since neither
staining with FITC-labelled mouse-anti-rat antibodies (Dianovaantigen recognized by BiUll (CD3 and EpCAM) is present on
Hamburg, = Germany) and  PE-labelled  mouse-anti-monocytes, we concluded that binding of BiUll to/R:positive
human-CD4/CD8, —CD14, or —CD19 antibodies. A combinatioraccessory cells is most probably mediated by the Fc region of
of gates (vital cells, CD14+ or CD19+ and FCS vs SSC) was usegiUll. This finding is in agreement with data already published
to exclude aggregates of PCI-1 cells with PBMCs from ouf{Haagen et al, 1995). In parallel, we investigated the binding of
analysis of phagocytosis of tumour cells. BiUIl to T and B lymphocytes. T lymphocytes express CD3, one
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Figure 3  BiUll induces GTP-cyclohydrolase | activity and the production of
neopterin and biopterin in monocytes/macrophages. PCI-1 cells were
cocultivated with PBMCs either with (100 ng mi-*) or without BiUIl for 2 days.
(A) The production of neopterin and biopterin and (B) the activity of GTP
cyclohydrolase was determined. BiUll stimulates the production of both
biopterin and the monocyte-specific neopterin, as well as the activity of the
enzyme. PCI-1 cells per se are negative for all three products.
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Figure 4  BiUIl binds to NK cells. Binding of BiUll to highly purified,

CD16+/CD3-NK cells from peripheral blood was investigated by FACS. Mean
values are 64 with (black line) and 24 without BiUll (grey trace).
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Figure 5  Addition of BiUll to a culture of purified NK cells induces the
expression of CD95, an activation marker for NK cells after 1 day of culture.
Mean values are 400 (black line) and 182 (grey trace) for NK cells incubated
with and without BiUll, respectively.
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Figure 6 NK cells are stimulated to kill allogeneic tumour cells after
incubation with BiUll. Highly purified CD56+CD3—NK cells (effectors) were
cocultivated with PCI-1 cells at different E/T ratios for 2 days either with

(100 ng mi-*) or without BiUIl. Killing of tumour cells (targets) was calculated
in a MTT assay as described in Material and methods. One representative of
three independent experiments is shown.

observed. In contrast, BiUll does not bind to CD19+ B cells that

only express the low-affinity F&Il, CD32.

BiUll-mediated phagocytosis of PCI-1 cells by CD14+
monocytes/macrophages

Since accessory cells contribute to T-cell activation and tumou

BiUll stimulates the production of neopterin and
biopterin

Stimulation of T cells causes release of interferomhich in turn
induces increased expression of GTP cyclohydrolase | in mono-
reytes/macrophages and in the T cells themselves (Schott et al,

cell elimination in different ways, we wanted to find out whether1993; Ziegler, 1990). This enzyme initiates and controls the
direct phagocytosis of the tumour cells by CD14+ cells occurs. Thiopterin synthesis pathway. Therefore, activated T cells produce

this end, PCI-1 tumour cells were stained with FITC and coculti

tetrahydrobiopterin, whereas monocytes/macrophages cannot

vated for 15 h with PBMCs in the presence of BiUll to assessomplete the pathway. They terminate the synthesis pathway after

direct phagocytosis of tumour cells. In control settings, BiUIl
and/or FITC-labelled tumour cells were omitted. After concultiva-

tion, the mean FITC-fluorescence intensity, indicative for theneopterin

the first step and instead accumulate and shed neopterin. Increase
in the activity of GTP cyclohydrolase | and the synthesis of
and biopterin are therefore indicators of

uptake of labeled PCI-1 cells, was measured in vital CD144monocyte/macrophage and of T-cell activation, respectively

monocytes or CD19+ B lymphocytes. As shown in Figure 2A

(Ziegler, 1990). Figure 3 demonstrates that BiUll induces GTP

uptake of FITC-fluorescence was triggered in CD14+ mono<yclohydrolase activity and enhancement of neopterin and
cytes/macrophages co-cultivated with BiUll. In contrast, CD19+biopterin production in PBMC after cocultivation with tumour
B cells from the same donor showed no signs for PCI-1 uptakeells in the presence of BiUll, indicative for activation of T cells

even in the presence of the bispecific molecule (Fig. 2B).

British Journal of Cancer (2000) 83(2), 261-266
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A BiUll induces the upregulation of costimulatory
molecules on dendritic cells

The network of dendritic cells (DCs) is another class of key regu-
lators of immune responses. DCs are potent antigen-presenting
cells (Steinman, 1991) and trigger the activation of T cells, e.g. via

40 I
the CD40-dependent pathway (McLellan et al, 1996). Activation

: of DCs is characterized by the neoexpression of CD83 (Czerniecki

it et al, 1997; Zhou and Tedder, 1996) and upregulation of costimu-

latory molecules (Cella et al, 1996). Thus, DCs are thought to be
involved in the generation of cytotoxic T cells (Cella et al, 1996;
Ridge et al, 1998).

The objective of this study was to investigate whether DCs are
activated by BiUIl. DCs were generated from the adherent fraction
of PBMCs by incubating these cells for 2 weeks in the presence of

Counts
w
o
gl e sl gl eyl gl

10° 10t 10? 103 10* IL-4 ) :
P and GM-CSF. The percentage of DCs in the culture was
B checked by staining with the DC-specific antibody BMA-X11 and
404 was shown to be > 80% (not shown). The DCs were incubated
] overnight either with BiUIl (100 ng mi) or left untreated in cell
1 culture medium only. After 16 h, the expression of surface markers
307 CD83 and CD86 was revealed by FACS analysis. As shown in
] Figure 7, incubation of DCs in the presence of BiUll leads to the
% 1 upregulation of both CD83 and the costimulatory signal CD86,
3 207 indicating the activation of DCs mediated by our bispecific
] molecule.
10
] DISCUSSION
] We demonstrate here that not only the two specific binding arms
0= but also the Fc-region of a bispecific antibody can contribute to
10° 10 10° 10° 10 activation of immune effector cells and thus to anti-tumour
CD86 FITC activity. However, binding of Fcreceptors and activation of y-c
Figure 7 Induction of CD83 and CD86 on dendritic cells. Addition of BiUll R e_xpressmg (?ells S_t_nCtIy depends on the composition of the Fc-
for 1 day to a culture of DCs leads to upregulation of (A) the activation region of the bispecific molecule. Mouse IgG2a and rat IgG2b are
marker CD83 (B) and the costimulatory molecule CD86. Only cells positive two evolutionally related potent effector subclasses that, in combi-
for the DC marker BMA-X11 were considered for analysis. With BiUIl = black . - . . s s
line: without antibody = grey trace. nﬁtlon, k;exert efficient activation of human accessory cells. This is
shown by:

< the upregulation of costimulatory molecules and activation
markers like CD83, CD86, and CD95
« the upregulation of neopterin synthesis
BiUll activates NK cells to tumour cell lysis » the direct phagocytosis of tumour cells by purified monocytes,
and
the direct killing by isolated accessory cells without the
contribution of T cells.

NK cells are known to play a pivotal role for the elimination of |
tumour cells. Since NK cells express the low-affinityyfidl
(CD16), we wondered whether BiUll not only binds to CD64+
monocytes/macrophages but also to CD16+ NK cells. We therdnterestingly, PBMCs were only weakly activated by equimolar
fore isolated highly purified CD56+/CD3— NK cells and incubatedamounts of the two parental monoclonal antibodies (Zeidler et al,
them with BiUll and revealed binding of the bispecific antibody by 1999).
FACS analysis (Figure 4). Conventional bsAbs are usually composed of one potent
Binding of BiUll to NK cells via CD16 should lead to their acti- subclass like mouse IgG2a or rat IgG2b and a less potent subclas
vation, resulting in an antitumour activity. We therefore looked forlike mouse 1gG1 (de Gast et al, 1995), or even two less potent
BiUll-mediated induction of CD95 on NK cells, which is recog- subclasses (Weiner et al, 1993). As a consequence, the Fc-regiol
nized as an activation marker for these cells (Medvedev et abf conventional bsAbs is usually not able to activate human acces-
1997; Robertson et al, 1995) and investigated tumour-cell killingory cells. Instead, these bispecific molecules bind and activate a
by BiUll-activated NK cells. As shown in Figure 5, addition of single class of effector cell via one of their binding arms. This has
BiUll to the cell culture induces the expression of CD95 onthe drawback that, in the case of T cells, an isolated activation via
CD3-/CD16+NK cells indicating their activation via the Fc-regionthe CD3 molecule without appropriate costimulatory signals may
of BiUll. Consequently, cocultivation of NK cells with allogeneic cause activation-induced anergy (Daniel et al, 1998). We therefore
PCI-1 tumour cells in the presence of BiUll resulted in enhancegonstructed a bispecific antibody that activates more than one class
tumour-cell killing (Figure 6). We observed that NK cells per seof immune cell, a situation that much more resembles inflamma-
display a remarkable activity against allogeneic cells. Howevertory and immune reactions in vivo. We have already shown the
this cytotoxicity was further enhanced by the addition of BiUll.  potential of such new bsAbs in tumour eradication in an animal

© 2000 Cancer Research Campaign British Journal of Cancer (2000) 83(2), 261-266
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model (Lindhofer et al, 1996). The aim of the experimentsHaagen IA, Geerars AJ, Clark MR and van de Winkel JG (1995) Interaction of
presented here was to reveal the mechanisms that are induced human monocyte Fc gamma receptors with rat IgG2b. A new indicator for the

. . . Fc gamma Rlla (R-H131) polymorphisthimmunol154 1852-1860
by this new agent' in more detail. Therefore’ we demonstrate tn—?eo DS, Park JG, Hata K, Day R, Herberman RB and Whiteside TL (1990)

activation of accessory cells that either expresgRic(mono- Evaluation of tetrazolium-based semiautomatic colorimetric assay for
cytes/macrophages and DCs) onRill (NK cells). We also measurement of human antitumour cytotoxidigncer Re§0:
show that, for example, monocytes/macrophages not only are acti- 3681-3690

vated but also directly contribute to the anti-tumour activity of'"aPa K and Steinman RM (1984) Resting and sensitized T lymphocytes exhibit
distinct stimulatory (antigen-presenting cell) requirements for growth and

B.iUII by phagocytosis. In contrgst, this mouse IgG2at 19G2b lymphokine releasel Exp MedL6Q 1717

bispecific molecule does not bind to B lymphocytes that expresgerler F, Hiltner L, Ziegler I, Katzenmaier G and Bacher A (1990) Analysis of the
the low-affinity receptor CD32. Enhanced production of tetrahy-  tetrahydrobiopterin synthesizing system during maturation of murine
drobiopterin after BiUll stimulation may also participate in the  reticulocytes] Cell Physioll42 268-271

modulation of Il functions. e by increasing NO producti nKlein SC, Boer LH, De Weger RA, De Gast GC and Bast EJEG (1997) Release of
odulation ot cell functions, €.g. by Increasing pro 0 cytokines and soluble cell surface molecules by PBMC after activation with the

(Mayer and Hemmens, 1997). Further, accessory cells deliver pispecific antibody CDSCD19.Scand J Immunalé: 452-458
molecules like CD40, CD80, and CD86, important for T-cell acti-Lindhofer H, Menzel H, Guinther W, Hiiltner L and Thierfelder S (1996) Bispecific
vation (McLellan et al, 1996; Van Gool et al, 1996) and produce antibodies target operationally tumourspecific antigens in two leukemia relapse

: . B PPN models.Blood88: 4651.
pro Inﬂammatory CytOkmes (Zeldler etal, 1999)' The SIgnIfIc:{:mC(:}Lindhofer H, Mocikat R, Steipe B and Thierfelder S (1995) Preferential species-

of a_ccessory'ce” activation is _under“nEd by data rec_ently restricted heavy/light chain pairing in rat/mouse quadromas. Implications for a
published that demonstrates the importance of CD28 costimula- single-step purification of bispecific antibodiésSmmunoll55 219-225

tion for the prevention of activation-induced T-cell death in anMayer B and Hemmens B (1997) Biosynthesis and action of nitric oxide in
bsAb-immunotherapy trial (Daniel etal, 1998). mammalian cellsTrends Biochem Sg2: 477-481

Probabl ti tant. d to th it t of diff tMcLeIIan AD, Sorg RV, Williams LA and Hart DN (1996) Human dendritic cells
robaply most important, due 1o the recruitment of difieren activate T lymphocytes via a CD40:CD40 ligand-dependent patliuayl

immune effector cells, BiUll-mediated immune complexes repre-  |mmunol26: 1204-1210
sent a self-supporting system that is not dependent on the additi®tedvedev AE, Johnsen AC, Haux J, Steinkjer B, Egeberg K, Lynch DH, Sundan A
of exogenous ||__2’ a fact that is extremely advantageous for and Espevik T (1997) Regulation of Fas and Fas-ligand expression in NK cells

: : : . : ; by cytokines and the involvement of Fas-ligand in NK/LAK cell-mediated
in vivo applications. The concerted activation of T cells and . .
PP cytotoxicity. Cytokines9: 394—-404

accessqry cells at the tumour site, lead'ng t9 the phagocytos'éuak JJ, Van Dongen G, Brakkee JG, Hayashida DJ, Balm AJ, Snow GB and Meijer
processing, and presentation of tumour material, may account for cJj (1990) Production of a monoclonal antibody (K 931) to a squamous cell
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prerequisite for a polyclonal humoral and cellular immune 377387

. . . Ridge JP, Di Rosa, F and Matzinger P (1998) A conditioned dendritic cell can be a
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