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Abstract. We report that cytosine arabinoside (Ara-C), a 
cytosine analogue that at low doses causes phenotypical 
changes on human leukemia cells in vitro and in vivo, 
induces growth inhibition of oropharyngeal cancer KB and 
lung adenocarcinoma A549 cell lines. An increase in the 
number of epidermal growth factor and transferrin recep- 
tors (EGFR, TrfR) is induced by Ara-C on these cells. 
Maximal EGFR up-regulation occurs 96 h after the begin- 
ning of Ara-C exposure while maximal TrfR up-regulation 
is detected 24 h later. These effects occur without changes 
in the affinity of EGFR and TrfR for their ligands. Two 
classes of EGF-binding sites with a Kd of 0.055 nM and 
2.3 nM respectively, and one class of transferrin-binding 
sites with a Ka of about 4 nM are detected on both un- 
treated and Ara-C-treated KB cells. [3H]Thymidine uptake 
is clearly stimulated on KB cells by nanomolar concentra- 
tions of EGF and transferrin, whereas in Ara-C-treated 
cells [3H]thymidine uptake is not increased by EGF and 
transferrin under conditions where maximal EGFR and 
TrfR up-regulation occurs. The enhanced EGF and trans- 
ferrin binding is paralleled by a twofold increase of in vitro 
targeting of Ara-C-treated KB and A549 cells with anti- 
EGFR 108.1 mAb and anti-TrfR OKT9 mAb. We propose 
that Ara-C could provide a new approach for the improve- 
ment of the therapeutic index of anti-EGFR and anti-TrfR 
immunoconjugates. 
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Introduction 

Monoclonal antibodies (mAb) that have been generated 
against tumour-associated antigens (TAA) are considered 
an important tool for diagnosis and therapy of human 
tumours. In fact they could allow the selective delivery of 
drugs and radionuclides to the tumour sites [10, 22]. 

Cellular receptors for epidermal growth factor (EGFR) 
and transferrin (TrfR) are presently considered as TAA, 
since they are highly expressed by several human cancers 
and barely detectable in most normal tissues [13, 16, 21, 
24, 40, 42]. 

Moreover, these receptors are important regulators of 
tumour cell growth. EGF is a potent mitogen for epithelial 
tumour cells in vitro and in vivo and its receptor is consid- 
ered the cellular effector of transforming growth factor o~ 
(TGFog, an autocrine growth factor produced by tumour 
cells [5, 7, 35]. On the other hand, the expression of TrfR is 
associated with the proliferative status of tumour cells. 
Many studies on cell lines grown in serum-free media have 
demonstrated that transferrin or other Fe2+ sources are 
required for cellular proliferation [27, 39]. Furthermore, 
the structure and function of EGFR and TrfR have been 
studied in detail while much less is known for most of the 
other TAA [34, 41]. Therefore, EGFR and TrfR appear an 
excellent tool for new experimental approaches for the 
enhancement of selective cancer cell targeting with drug- 
or radionuclide-conjugated mAb [24, 41]. Recently, genet- 
ically engineered fusion proteins have been generated that 
could allow the selective delivery of bacterial toxins to 
tumour cells through binding to growth factor receptors 
expressed at the cell surface. EGFR- and TrfR-targeted 
fusion proteins are presently being investigated as anti- 
cancer agents by several groups [28]. 

Theoretical and experimental findings have recently 
suggested that antigen density on tumour cells could play a 
critical role in the regulation of mAb uptake by cancer 
cells. The number of available mAb binding sites at the 
tumour cell surface appears a more critical determinant 
than mAb affinity itself for the efficiency of the targeting 
process. These observations suggest an advantage for the 
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use of mAb raised against TAA highly expressed at the 
tumour cell surface [14, 37, 38]. The increase of TAA 
density on cancer cells by the use of exogenous agents 
could be, in this case, of major clinical benefit. For these 
purposes, interferons (IFN) have been reported to be 
powerful modulators of TAA expression at the tumour cell 
surface and enhance in vivo targeting of cancer cells with 
radionuclide-conjugated mAb [15, 31]. On the other hand, 
retinoic acid has been reported to induce EGFR up-regula- 
tion on human tumour cells [19]. We have recently found 
that IFNc~ exerted similar effects on human epidermoidal 
cancer cells and we have speculated that the increased 
expression of growth factor receptors could be part of a 
homeostatic cellular response to the strong antiprolifera- 
rive effect of such an agent [4]. We have thus hypothesized 
that other agents that induce a strong cytostatic effect could 
also enhance the surface expression of cellular receptors 
for EGF and modify the expression of other peptide growth 
factor receptors. Cytosine arabinoside (Ara-C) is a cytosine 
analogue which, at low doses, inhibits proliferation of 
human leukaemic and solid tumour cells without affecting 
cell viability [12] (and see below). Moreover, Ara-C in- 
duces phenotypic changes on human myeloid leukaemic 
cells [30]. The aim of this work was the study of the effects 
of Ara-C on binding of EGF and transferrin by human 
oropharyngeal KB and lung A549 cancer cells and on 
specific targeting of these cells in vitro with anti-EGFR 
and anti-TrfR mAb. We selected cells derived from human 
head and neck and lung cancers because these cells com- 
monly present high expression of EGFR and are consid- 
ered as suitable targets for immunotherapy strategies based 
on anti-EGFR mAb [1, 17]. An important point was to 
define whether Ara-C-induced modulation of receptor ex- 
pression could be associated with changes in the sensitivity 
of tumour cells to EGF and transferrin. Definition of mod- 
ulating effects exerted by Ara-C on the expression of 
growth factor receptors could allow the study of mecha- 
nisms of turnout cell growth regulation and, at same time, 
provide the basis for new immunotargeting approaches. 

Materials and methods 

Cell culture and cell proliferation assay. The human oropharyngeal 
epidermoid carcinoma KB cell line, provided by Prof. S. Bonatti (Facolta 
di Medicina, Universit~t di Napoli, Italy), was grown in Dulbecco's 
modified Eagle medium (DMEM) supplemented with heat-inactivated 
10% fetal bovine serum FBS, 20 mM HEPES, 1% penicillin/streptomy- 
cin, 1% L-glutamine and 1% sodium pyruvate. The human lung adeno- 
carcinoma A549 cell line, purchased from American Type Culture Col- 
lection, Rockville Md., was maintained in DMEM supplemented with 
10% FBS, 20 mM HEPES, 1% penicillin/streptomycin and 1% L-glut- 
amine. The cells were grown in a humidified atmosphere of 95% air/5% 
CO2 at 37 ~ C. For cell growth experiments, A549 and KB cells were 
seeded at 2 •  105 and 3 •  105 cells per well, respectively, in 6-well 
culture plates (Nunc). The medium was removed 24 h later and fresh 
medium containing Ara-C was added every 24 h thereafter. At selected 
times cell growth assessment was performed by haemocytometric 
cell counting and a trypan blue viability assay, following gentle 
trypsinization. 

Radiolabelledpreparations. Transferrin was labelled with 125I to a spe- 
cific activity of approximately i gCi/gg using the Iodogen method [32]. 

The radiolabeled protein was purified from unbound iodide by Sephadex 
G-25 chromatography (Pharmacia). 

125I-EGF and 125I-labelled sheep anti-(mouse Ig) IgG were purchased 
from Amersham. 

125I-EGF and 1251-transferrin radiobinding experiments. KB and A549 
cells were seeded in 24-well plates at 2 • 104 and 104 cells/well respec- 
tively. The treatment with Ara-C was performed as described above. 
After overnight incubation in serum-free medium (i. e. DMEM with 
non-essential amino acids and vitamins added) in the presence or absence 
of Ara-C, the cells were washed twice with ice-cold phosphate-buffered 
saline (PBS) and, after the addition of 1 mg/ml bovine serum albumin 
(BSA), they were incubated for 4 h at 4~ with 200 gl/well binding 
buffer (DMEM, 25 mM HEPES, 1 mg/ml BSA) containing increas- 
ing concentrations of t25I-EGF (164 ~Ci/gg) or 125I-transferrin 
(200 gCi/gg), as previously described [8]. After incubation, cells were 
washed four times with PBS/BSA and lysed in 0.5 ml/well 20 mM 
HEPES, 1% Triton X-100, 10% glycerol. Cell-associated radioactivity 
was counted in a Beckman gamma counter. 

The non-specific binding, determined by the addition of a 100-fold 
excess of unlabelled EGF and transferrin and then subtracted for each 
point, never exceeded 5%. The EGFR and TrfR binding affinity and the 
receptor number were determined by Scatchard analysis of EGF and 
transferrin binding data [33], using the EBDA/LIGAND program for 
fitting multiple-binding-site data [26]. 

EGFR and TrfR live-cell radioimmunoassay. Live-cell RIA experiments 
were performed with the anti-EGFR 108.1 (provided by Dr. J. 
Schlessinger) and the anti-TrfR OKT9 (purchased by Ortho, Raritan, 
N. J.) prepared as previously described [2, 36]. 

KB and A549 cells were harvested from subconfluent cultures and 
seeded in 96-well microtiter plates at 5 x  103 and 2 •  103 cells/well 
respectively. The treatment with Ara-C was performed as described 
above. After overnight incubation in serum-free medium (DMEM with 
non-essential amino acids and vitamins added) in the presence or absence 
of Ara-C, the growth medium was removed and 100 gl 5% BSA (w/v) in 
DMEM and 0.08% (w/v) sodium azide were added to each well. After 
60 rain of incubation at 37 ~ C, the medium was removed and ceils were 
washed with DMEM containing 5% BSA and 0.08% sodium azide. 
Samples containing 50 p.1 appropriately diluted mAb 108.1 or mAb 
OKT9 were then added to each well. After incubation for 3 h at 4 ~ C, 
mAb 108.1 and mAb OKT9 were removed and the cells were washed 
twice with 5% PBS/BSA (w/v). Then 75 000 cpm in 50 gl 125I-labelled 
sheep anti-(mouse Ig) IgG were added to each well for 60 rain at 37 ~ C. 
Following incubation, cells were washed three times with PBS/BSA 5% 
(w/v) and 50 gl 2 M NaOH was added to each well and adsorbed with a 
cotton swab and radioactivity was counted in a Beckman gamma counter. 
The background from the well that received only buffered DMEM was 
approximately 100-250 cpm, and was subtracted from that of the wells 
exposed to mAb 108.1 and the mAb OKT9 as previously described [15]. 

[3H]Thymidine uptake. KB cells were seeded in 24-well plates (Nunc) at 
2 x 104 cells/well. Ceils were exposed to Ara-C as described above. After 
overnight incubation at 37 ~ C with escalating concentrations of EGF or 
transferrin, 5 gCi [methyl-3H]thymidine (Amersham, 5 Ci/mmol) was 
added. After 6 h incubation at 37 ~ C, KB cells were washed twice with 
PBS and lysed in 0.5 ml/well 20 mM HEPES, 1% Triton X-100, 10% 
glycerol. Cell-associated radioactivity was counted in a Beckman beta 
counter (LS 1801), as previously described [27]. 

Results 

Ara-C induces antiproliferative effects on KB and A549 
cells 

In cell-proliferation assays, 50% growth inhibition (IC50) 
was achieved on KB and A549 cells after 96 h exposure to 
1000 nM and 10 nM Ara-C respectively (Fig. 1A). The 
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Fig. 1 A, B. Effects of cytosine arabinoside (Ara-C) on the growth of KB 
and A549 cancer ceils. A Effects of different concentrations of  Ara-C on 
the growth of KB (4,) and A-549 (O)  cells after 96 h exposure to the 
drug. Growth inhibition is expressed as a percentage of untreated con- 
trois. B Cell growth of untreated KB ceils ( ~ )  and KB cells treated with 

B 
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1000 nM Ara-C (O) ,  and of untreated A549 cells (O)  and A549 cells 
treated with 10 nM Ara-C ( e ) .  Points are the average of quadruplicate 
haemocytometric cell counts from replicated experiments and the stan- 
dard deviation never exceeded 5%. Cell viability, assessed by trypan blue 
analysis, was always higher than 90% 

more rapid growth pattern of A549 cells, as compared to 
KB cells (doubling times of 24 h versus 36 h), could ac- 
count for these apparent differences in cancer cell sensitiv- 
ity to Ara-C. At these drug concentrations and exposure 
times, we were unable to detect changes in cell viability, as 
assessed by trypan blue dye exclusion and in growth recov- 
ery experiments, where cells exposed to Ara-C were al- 
lowed to grow after drug withdrawal (data not shown). The 
growth-inhibitory effect, which appeared to be cytostatic 
rather than cytotoxic, was time- and dose-dependent 
(Fig. 1 A, B). 

Ara-C induces up-regulation of specific binding of 
125I-EGF and 125I-transferrin on KB and A549 cells 

An increased 125I-EGF and 125I-transferrin binding was 
found on KB and A549 cells after exposure to 1000 nM 
and 10 nM Ara-C respectively. The up-regulation occurred 
with a different timing for the two receptors on both cell 
lines. Maximal EGFR up-regulation was found after 96 h 
of Ara-C treatment while TrfR up-regulation peaked 24 h 
later (Fig. 2A, B). To estimate the number of EGF- and 
transferrin-binding sites, increasing amounts of 125I-EGF 
and 125I-transferrin were added to KB cells and Scatchard 
analysis of binding data was performed at the times when 
EGFR and TfrR up-regulations were maximal. KB cells 
expressed EGF binding sites of low (Kd = 2.5 nM) and 
high (Kd = 0.05 nM) affinity and 96 h Ara-C treatment in- 
duced about a twofold increase in the number of both 
classes of EGFR (3.9 x 105 versus 6.3 x 105 and 3.1 • 104 
versus 7.6 • 10 4, respectively) (Fig. 3 A, C). We found that 
Ara-C treatment did not affect EGFR and TrfR affinities 
for their ligands on KB cells (Fig. 3A, B). A more than 
twofold increase of TrfR number (8.7x 104 versus 
21.3 • 104) was found on KB cells treated for 120 h with 
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Fig. 2A,  B. Effects of Ara-C on epidermal growth factor (EGF) and 
transferrin (TRF) binding to KB and A549 cells. Specific binding of 
125I-EGF ( �9 ) and 125I-transferrin ( �9 ) to KB cells (A) and A549 cells (B) 
that were exposed to 1000 nM Ara-C and 10 nM Ara-C, respectively, was 
expressed as a percentage of  results from parallel control cultures, which 
were not exposed to the drug. Non-specific binding was determined in 
the presence of a 100-fold excess of unlabelled EGF and transferrin 
respectively, and subtracted from each experimental point. The results in 
the figure have been derived from .at least four different experiments. 
Points are the average of triplicate experiments and the standard devia- 
tion never exceeded 5% 
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EGF and transferrin do not increase [3H]thymidine 
uptake on Ara-C-treated KB cells 

Since Ara-C treatment increases the expression of EGFR 
and TrfR, it can be hypothesized that an increased cell 
sensitivity to EGF/TGFc~ and transferrin could occur, so 
resulting in enhanced tumour proliferation and aggressive- 
ness. Therefore, we have examined whether Ara-C treat- 
ment could induce an increased responsiveness of the KB 
cell line to EGF and transferrin stimulation of [3H]thy- 
midine uptake. EGF and transferrin induced an increase of 
[3H]thymidine incorporation in KB cells, which is maxi- 
mal after 12 h exposure to such growth factors, as eval- 
uated in preliminary experiments (data not shown). Treat- 
ment of cells for 96 h and 120 h with 1000 nM Ara-C 
induced an approximately twofold increase of [3H]thy- 
midine uptake on KB cells. This effect could be the expres- 
sion of S-phase synchronization of Ara-C-treated KB cells. 
The addition of EGF or transferrin (at 96 h and 120 h after 
the beginning of Ara-C treatment, respectively) did not 
cause any variation of [3H]thymidine uptake on Ara-C- 
treated KB cells (Fig. 4). 

Ara-C increases the binding of anti-EGFR and anti-TlfR 
monoclonal antibodies to KB and A549 cells 
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Fig. 3 A - C .  Scatchard analysis of 125I-EGF and 125I-transferrin binding 
data on KB cells. A EGF binding was performed on untreated ([B) and 
Ara-C-treated (ll) KB ceils after 96 h of exposure to the drug; B Trans- 
ferrin (TRF) binding was evaluated on untreated ( A ) and Ara-C-treated 
( �9 ) KB cells after 120 h of exposure to the drug. At these times maximal 
receptor up-regulation is induced by 1000 nM Ara-C (See Fig 2A). C 
Number of EGF and transferrin receptors per cell derived from Scatchard 
analysis. Untreated (white columns) and Ara-C-treated (black columns) 
KB cells. Data analysis from 125I-EGF and 125I-transferrin binding ex- 
periments was carried out with a curve-fitting (multiple-site) Scatchard 
analysis computer program. Results are the average of quadruplicate 
determinations, from at least four different experiments. Standard devia- 
tions were always lower than 5% 

Ara-C and only one class of transferrin-binding sites 
(Kd = 4.1 nM) was detectable on these cells (Fig. 3 B, C). 

An increase of EGFR and TrfR number, which occurred 
in the absence of changes of receptor affinity, was similarly 
induced by Ara-C on A549 cells (data not shown). 

In order to evaluate whether the Ara-C-induced enhance- 
ment of ~25I-EGF and ~25I-transferrin binding was due to 
an increased number of EGFR and TrfR molecules that 
could be mAb-targeted at the tumour cell surface, we per- 
formed live-cell radioimmunoassay experiments with anti- 
EGFR mAb 108.1 and anti-TrfR mAb OKT9. These mAb 
recognize epitopes on the receptor molecules that are not 
located in the growth-factor-binding site [2, 36]. 

We found that an approximately twofold increase of 
both 108.1 (anti-EGFR) and OKT9 (anti-TrfR) binding to 
KB and A549 cells was actually induced by Ara-C on these 
cells (Fig. 5). The increase of mAb binding to Ara-C- 
treated KB and A549 cells paralleled, both in timing and 
magnitude, the up-regulation of 125I-EGF and 125I-trans- 
ferrin binding. 

Discussion 

Selective delivery of anticancer drugs, radionuclides or 
bacterial toxins to the tumour tissues can be achieved 
through the use of anti-TAA immunoconjugates or through 
fusion proteins capable of~binding to specific receptors at 
the tumour cell surface [10, 22, 27]. 

Cellular receptors for peptide growth factors are useful 
tools for cell targeting because they play a significant role 
in the regulation of tumour cell proliferation and behave as 
TAA [13, 16, 21, 24, 41]. In fact, anti-EGFR and anti-TrfR 
mAb are, at present, under investigation as anticancer 
agents [9, 14, 20]. In this respect, EGF or TGFc~ and the 
Fab' fragment of anti-TrfR mAb fused to bacterial toxins 
are new promising reagents [6, 9, 20, 28]. 
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Fig. 4 A, B. [3H]Thymidine uptake after exposure 
to EGF and transferrin (TRF) in untreated and Ara- 
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exposure to different concentrations of EGF. 
B [3H]Thymidine uptake was evaluated on KB 
cells untreated (/x ) or treated for 120 h with 
1000 nM Ara-C ( � 9  after 12 h of exposure to 
different concentrations of transferrin. The results 
are the average of quadruplicate determinations 
evaluated at least in four different experiments. 
Bars, standard deviations 
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In this report we propose a new approach for the im- 
provement of turnout cell targeting, which is founded on 
the pharmacological modulation of growth factor receptor 
density at the cancer cell surface. Several studies have, in 
fact, pointed to the density of TAA at tumour cell surface 
as one of the limiting factors for efficient targeting of 
tumour sites with anti-TAA mAb [14, 38]. It has been 
shown that in vivo targeting of human tumour cells with 
111In_labelled anti-EGFR mAb is correlated quantitatively 
with the number of membrane EGF receptor sites ex- 
pressed by the cells [14]. Moreover, C. Sung et al. have 
reported that two mAb that recognise antigens expressed at 
a different density with similar affinity were rather differ- 
ent in the efficiency of in vivo tumour targeting: signifi- 
cantly higher tumour uptake could be observed with the 
mAb for the TAA that had an approximately threefold 
higher in vivo antigen density. These last results were 
obtained at mAb doses high enough to approach saturating 
conditions, more typical for therapeutic applications [38]. 
Furthermore, K. Fujimori et al. have recently proposed a 
mathematical model for the tissue distribution of the radio- 
conjugated mAb: better tumour tissue percolation could be 
achieved for antibodies raised against antigens highly ex- 
pressed at the tumour cell surface, while the use of mAb 
that have high affinity for less expressed antigens could 
lead to heterogeneous microdistribution and relatively 
higher mAb radiolocalization at the surface of tumour 
nodules (binding-site barrier) [11]. It could be suggested 
that efficient tumour cell targeting might be achieved 
through the use of agents able to increase the expression of 
TAA at the cancer cell surface, if in vitro and in vivo 
antigenic patterns are similar and the enhanced TAA ex- 
pression does not increase the shedding of targeted an- 
tigens [3, 23, 29]. 

Interferons are widely considered as powerful modula- 
tors of antigen expression on the tumour cells and appear 
capable of also increasing the immunotargeting of tumour 
tissues [15, 31]. However, several tumour cells are not 
sensitive to the biological effects of IFN [43]. We have 
recently reported that cellular receptors for EGF could be 
up-regulated by IFN~ on human epidermoidal carcinoma 
cells. We found that major up-regulation could be achieved 
at IFN concentrations capable of inducing 50% growth 
inhibition of such cells. We have proposed that EGFR 
modulation could be part of a homeostatic cell response to 
the anti-proliferative effects exerted by IFN~ [4]. We have 
speculated that other agents, which could induce growth 
inhibition without affecting tumour cell viability, could 
also modulate the expression of EGFR. In fact, it could be 
of clinical benefit to increase EGFR and eventually TrfR 
expression with agents different from IFNa because sever- 
al tumour cells are IFN-resistant [43]. For these purposes 
we selected Ara-C, which is known, at low doses, to deter- 
mine growth inhibition without cell killing in myelody- 
splastic syndromes and acute leukaemias [12]. Moreover, 
this drug, at low doses, has antiproliferative activity and 
induces phenotypical changes on tumour cells [30]. 

Here we report that Ara-C induces growth inhibition 
and indeed up-regulates the EGF and transferrin binding to 
human oropharyngeal KB and lung A549 cancer cells, at 
doses that can be easily reached in vivo [18]. Ara-C exerts 

such effects on IFN-sensitive KB cells and on IFN-re- 
sistant A549 cells. The enhanced growth-factor binding 
induced by Ara-C is due to increased EGF and transferrin 
receptor number at the cancer cell surface and is paralleled 
by enhanced in vitro targeting of tumour cells with anti- 
EGFR and TrfR mAb. Both mAb 108.1 and OKT9 recog- 
nize epitopes on the receptor molecules distant from the 
growth-factor-binding site [2, 36]. Therefore, we argue for 
a true increase of membrane receptor proteins instead of 
the unmasking of receptor sites as the cause of the up-regu- 
lated growth factor binding induced by Ara-C. 

The twofold increase of cell targeting with both 108.1 
and OKT9 mAb, as induced by Ara-C on KB and A549 
cells, resembles quantitatively the increase of antigen den- 
sity induced by IFN on human tumour cells in culture 
[4, 15]. 

Receptor up-regulation was achieved in the absence of 
changes of the affinity for EGF and transferrin. This, there- 
fore, allows tumour cell targeting with fusion proteins that 
bind to cellular receptors mimicking the physiological 
ligands. 

The up-regulation of EGFR and TrfR and the concur- 
rent increased binding of anti-(growth factor receptor) 
mAb occur with different timings, and the development of 
therapeutic strategies with the sequential administration of 
immunoconjugates and/or immunotoxins that bind the two 
different antigens can be considered. In fact, the hetero- 
geneity in antigen expression and antigenic modulation by 
the cancer cells are mechanisms of tumour resistance to the 
antibody-targeted lysis [ 15, 25]. Up-regulation of different 
targets at different times from the beginning of Ara-C 
treatment, as described in this report, could allow a still 
more efficient targeting of the whole tumour cell popula- 
tion. 

Ara-C produces, in growth-inhibited KB cells, an in- 
crease of [3H]thymidine uptake that could be an expression 
of S-phase synchronization. In these conditions neither 
EGF nor transferrin could increase [3H]thymidine uptake 
on these cells. Therefore we could assume that Ara-C-in- 
duced EGFR and TrfR up-regulation did not increase sen- 
sitivity of tumour cells to EGF and transferrin. 

We conclude that Ara-C is a new agent that induces 
TAA modulation in cancer cells. From our results it can be 
suggested that EGFR and TrfR up-regulation induced by 
Ara-C could improve the specific targeting of tumour cells 
with mAb raised against growth factor receptors. Our ob- 
servations could be of help for the design of sound proto- 
cols for in vivo studies of tumour cell targeting with anti- 
(growth factor receptor) mAb or growth-factor-receptor- 
targeted bacterial fusion proteins. 
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