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Summary

The role of lymphocytes in the pathogenesis of lung fibrosis is not clear, but the weight of

the evidence supports a pro-fibrotic effect for lymphocytes. The high-affinity interleukin-2

receptor (haIL-2R) is expressed on activated, but not quiescent, T lymphocytes. This

selective expression of haIL-2R provides the basis for therapeutic strategies that target

IL-2R-expressing cells. We hypothesized that elimination of activated lymphocytes by

IL-2R-targeted chimeric proteins might ameliorate lung fibrosis. We investigated the effects

of IL-2-Bax, a novel apoptosis-inducing IL-2R-targeted chimeric protein, on bleomycin-

induced lung injury in mice. Treatment groups included (i) a single intratracheal instillation

of bleomycin and twice-daily intraperitoneal injections of IL-2-Bax; (ii) intratracheal bleo-

mycin and intraperitoneal IL-2-PE664Glu, an older-generation chimeric protein; (iii) intra-

tracheal bleomycin/intraperitoneal PBS; (iv) intratracheal saline/intraperitoneal PBS. Lung

injury was evaluated 14 days after intratracheal instillation by cell count in bronchoalveolar

lavage (BAL) fluid, semi-quantitative and quantitative histomorphological measurements

and by biochemical analysis of lung hydroxyproline. Bleomycin induced a BAL lymphocy-

tosis that was significantly attenuated by IL-2-Bax and IL-2-PE664Glu. However, morpho-

metric parameters and lung hydroxyprolinewere unaffected by the chimeric proteins. These

results show that IL-2-Bax reduces the lymphocytic infiltration of the lungs in response to

bleomycin, but this effect is not accompanied by a decrease in lung fibrosis.
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Inflammation is a prominent feature of many disorders that

may lead to lung fibrosis, such as desquamative interstitial

pneumonia, non-specific interstitial pneumonia, radiation

pneumonitis, drug-related lung injury and others

(Katzenstein & Myers 1998).
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Bleomycin-induced lung fibrosis in rodents is a commonly

employed animal model of fibrotic lung disease (Snider et al.

1978; Hesterberg et al. 1981; Chandler et al. 1983; Lazo et al.

1990). Bleomycin-induced lung injury involves a complex

interaction of many cell types, some resident in the lung,

others migratory to the lung from the circulation. The role

of lymphocytes in the pathogenesis of the pulmonary fibrotic

response to bleomycin is somewhat obscure. T lymphocytes

are capable of generating fibroblast chemotactic factors and

factors that influence both fibroblast proliferation and col-

lagen synthesis (Johnson & Ziff 1976; Hibbs et al. 1983;

Postlethwaite et al. 1984). The inflammatory response to

bleomycin instillation is demonstrated by means of analysis

of BAL cells. An early increase in the percentage of neutro-

phils is followed by a more sustained BAL lymphocytosis

(Izbicki et al. 2002b). In a study of parenchymal lung lym-

phocytes in bleomycin-treated rats, the normal CD4 : CD8

ratio of 1 : 1 was increased 14 days post-bleomycin to 2 : 1,

reversing to 1 : 2 in the later stages of the disease process

(Thrall & Barton 1984). Intriguingly, the increase in helper

T cells occurs when collagen synthesis is most active, and the

increase in suppressor T cells occurs when collagen synthesis

has decreased, suggesting that helper T cells might enhance,

and suppressor T cells suppress, collagen deposition in bleo-

mycin lung injury.

A number of studies have attempted to define the role of

lymphocytes in the pathogenesis of bleomycin lung fibrosis.

Treatment of animals with anti-CD3 monoclonal antibody

(Sharma et al. 1996), antilymphocyte globulin (Thrall et al.

1979) or with thymectomy and irradiation (Thrall et al. 1980)

resulted in a decreased collagen deposition in bleomycin-

exposed animals. However, SCID mice appear to develop

lung injury of similar severity to wild-type animals (Zhu

et al. 1996; Helene et al. 1999). Moreover, while one study

of the response to bleomycin in athymic nude mice showed no

difference in comparison with euthymic mice (Szapiel et al.

1979), two further studies demonstrated an attenuated

response to bleomycin (Schrier et al. 1983) and peplomycin

(Ekimoto et al. 1985), a bleomycin analogue, in nude mice.

Thus, the pathogenetic role of lymphocytes in lung fibrosis is

somewhat controversial, but there appears to be considerable

evidence that supports a role for lymphocytes in the develop-

ment of fibrosis. We, therefore, hypothesized that elimination

of activated lymphocytes by interleukin-2 receptor (IL-2R)-

targeted chimeric proteins might ameliorate lung fibrosis.

IL-2 and its receptor (IL-2R) regulate the magnitude and

duration of the T-cell immune response. The IL-2R a-subunit,
which confers high affinity for IL-2, is expressed on activated

T cells, but not on normal resting cells. This selective expres-

sion of the high-affinity IL-2R provides the scientific basis for

therapeutic strategies that target IL-2R-expressing cells

(Waldmann 1993). One such strategy uses chimeric proteins,

such as IL-2-based chimeras, in which IL-2 is responsible for

the binding of the protein to activated lymphocytes. IL-2 is

fused at the cDNA level to a cytotoxic protein, which com-

prises the cytotoxic component of the chimeric protein.

Bacterial toxins, such as Pseudomonas exotoxin (PE) or

diphtheria toxin have been used as cytotoxic components of

targeted chimeric proteins (Brinkmann & Pastan 1994). One

such molecule is IL-2-PE40, a chimeric protein linking human

IL-2 to a modified (truncated) form of PE, so that the toxin

will no longer indiscriminately bind and kill normal cells but

will, instead, selectively target and kill cells expressing the

ligand identified by the binding component (Ogata et al.

1988; Lorberboum-Galski et al. 1988a; Lorberboum-Galski

et al. 1988b). IL-2-PE40 effectively attenuates several experi-

mental autoimmune conditions, such as adjuvant-induced

arthritis (Case et al. 1989; Lorberboum-Galski et al. 1991),

experimental autoimmune encephalomyelitis (Rose et al.

1991) and autoimmune uveoretinitis (Roberge et al. 1989),

and prevents the rejection of heart and corneal allografts in

rodents (Lorberboum-Galski et al. 1989; Herbort et al. 1991).

IL-2-PE40 has also been showed to suppress the growth of

a T-cell lymphoma in mice (Kozak et al. 1990). The effect of

IL-2-PE40 has been showed to be specific in that

IL-2-PE40Asp553, a mutant chimeric protein in which the

enzymatic domain of PE is inactive, has no effect (Case et al.

1989; Lorberboum-Galski et al. 1989).

A disadvantage of this class of targeted chimeric toxins is

that the bacterial toxins are recognized as foreign by the

immune system of the recipient organism. In order to over-

come this problem, a new generation of chimeric proteins

exploiting human apoptosis-inducing proteins was developed.

IL-2-Bax is the first prototype of this class. Bax is a

pro-apoptotic member of the Bcl-2 protein family. IL-2-Bax

specifically targets IL-2R-expressing cells and induces cell-spe-

cific, dose-dependent apoptosis (Aqeilan et al. 1999; Aqeilan

et al. 2002). IL-2-BaxS184D, a mutant in which Bax is

inactive, is taken up by IL-2R-expressing cells, such as IL-2-

Bax, but does not activate the apoptotic pathway (Aqeilan

et al. 2002). In this study, we investigated the effects of the

novel apoptosis-inducing IL-2R-targeted chimeric protein

IL-2-Bax on bleomycin-induced lung injury in mice.

Materials and methods

Animals

Male, 10 to 11-week-old C57Bl/6 mice were obtained from

Harlan Sprague Dawley (Indianapolis, IN, USA). All
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procedures involving animals were approved by the institu-

tional committee of animal care. Mice were housed in a

specific pathogen-free environment in plastic cages on hard-

wood shavings, three to 10 animals per cage. A 12-h light\-

dark cycle was maintained, and mice had access to water and

rodent laboratory chow ad libitum. Mice were acclimated to

these conditions for 4–7 days before treatments commenced.

Construction and expression of the chimeric proteins

The plasmid pAY1 encoding the protein IL-2-Bax and the

plasmid pHL823 encoding IL-2-PE664Glu were constructed

as previously described (Aqeilan et al. 1999). The chimeric

genes were expressed in Escherichia coli strain BL21.

Subfractionation of the expressing cells revealed that both

chimeric proteins were highly enriched in the insoluble frac-

tion. The insoluble fraction was denatured and then renatured

as described previously (Aqeilan et al. 1999). In brief, a pellet

of expressing cells was suspended in 20 mM Tris–HCl pH 8.0,

1 mM EDTA containing 0.2 mg/ml of lysozyme, sonicated

(three 30 s bursts) and centrifuged at 35,000 · g for 30 min.

The supernatant (soluble fraction) was removed and kept

for analysis. The pellet was denatured in extraction buffer A

(6 M guanidine–HCl, 0.1 M Tris–HCl, pH 8.6, 1 mM EDTA,

0.05 M NaCl and 10 mM DTT) and stirred for 1 h. at 4 �C.

The suspension was cleared by means of centrifugation at

35,000 · g for 15 min and the pellet was discarded. The

protein solution was diluted 1 : 100 in refolding buffer

(20 mM Tris–HCL, pH 8.0, 1 mM EDTA, 0.25 M NaCl and

5 mM dithiothreitol) and kept at 4 �C for 48 h. The partially

purified chimeric proteins, enriched with IL-2-based chimeric

proteins, were used in all our experiments.

Experimental design

The effect of IL-2-Bax on bleomycin-induced lung injury was

assessed, and was compared to that of an older-generation

chimeric protein, IL-2-PE664Glu. Animals were randomly

divided into four experimental groups, as showed in

Table 1. In addition to the two experimental groups, the

Bleo/PBS and Sal/PBS groups served as positive and negative

controls, respectively. In a preliminary study, administering

IL-2-Bax and IL-2-PE664Glu to otherwise untreated mice did

not have any effect on lung histology, thus obviating the

necessity for Sal/IL-2-Bax and Sal/IL-2-PE664Glu groups.

Each animal received a single intratracheal instillation of

bleomycin or control saline on day 0. Twice-daily intraperi-

toneal injections of the chimeric proteins or PBS were com-

menced 12–16 h later, and continued until the evening before

killing, for a total of 13 days. IL-2-PE664Glu was administered

at a dose of 15 mg/mouse/day (total protein amount) in two

divided doses, each in 0.5 ml of PBS. IL-2-Bax was adminis-

tered similarly at a dose of 100 mg/mouse/day for the first

week, followed by 50 mg/mouse/day for the second week.

The control groups received intraperitoneal injections of

0.5 ml of PBS twice daily. Mice were killed for study 14

days after intratracheal instillation.

Intratracheal instillation of animals

Mice were anaesthetized by means of intraperitoneal injection

of 0.05–0.07 ml of 40 mg/ml of Ketalar (Parke-Davis,

Pontypool, Gwent, UK) and 0.5 mg/ml of Droperidol

(Janssen Pharmaceutica, Beerse, Belgium). The trachea

was cannulated, and a dose of 0.08 mg of bleomycin

(H. Lundbeck A/S, Copenhagen, Denmark) dissolved in

0.1 ml of sterile 0.9% saline solution or 0.1 ml of sterile

0.9% saline alone was slowly injected, as previously described

in detail (Izbicki et al. 2002b).

Quantitative assessment of lung injury

Lung injury was assessed quantitatively as previously described

(Kremer et al. 1999; Laxer et al. 1999; Lossos et al. 2000;

Berkman et al. 2001; Segel et al. 2001; Lossos et al. 2002;

Tzurel et al. 2002; Izbicki et al. 2002a; Izbicki et al. 2002b) by

studies of bronchoalveolar lavage (BAL), semi-quantitative and

Table 1 Experimental groups

Group Intratracheal Intraperitoneal n

Bleo/IL-2-PE Bleomycin IL-2-PE664Glu 6

Bleo/IL-2-Bax Bleomycin IL-2-Bax 8

Bleo/PBS Bleomycin PBS 8

Sal/PBS Saline PBS 9

Experimental groups for the central experiment (presented in Figures 2,4) are listed with the treatment administered by intratracheal instillation

(IT) and intraperitoneal injection, and the number of animals in each group (n). In addition to the two experimental groups (Bleo/IL-2-Bax and

Bleo/IL-2-PE), the Bleo/PBS and Sal/PBS groups served as positive and negative controls, respectively.
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quantitative morphological studies of lung injury and lung

hydroxyproline measurements.

Bronchoalveolar lavage (BAL)

BAL was performed by means of injection and withdrawal of

eight aliquots of 0.5 cc Ca++/Mg++ free PBS. Total cell count

was performed using a haemocytometer. A differential cell

count was performed on 200 cells by using cytospin slides

stained with Diff-Quik (Baxter). Cells numbers for the differ-

ent BAL cell types are the products (calculated for individual

animals) of the total cell count and the percentages obtained

from the differential count, expressed as cells/ml of BAL fluid.

Lung hydroxyproline content

Hydroxyproline content was measured as previously

described (Izbicki et al. 2002b). In brief, after BAL and thor-

acotomy, the right main bronchus was ligated, and the lung

was removed and dissected free of extraneous tissues. The

lung was then hydrolysed in 6 N HCl for 24 h at 106 �C.

An aliquot was analysed on an amino acid analyser (Beckman

6300 (Palo Alto, CA, USA)). Hydroxyproline results are

expressed as nanomoles per lung.

Morphological examination

The left lung was initially fixed in situ by means of intratra-

cheal infusion of 4% formalin/1% glutaraldehyde/0.1 M caco-

dylate buffer (pH 7.4) maintained at 25 cm hydrostatic

pressure for 15 min. The trachea was then ligated and both

the heart and the lung were removed en-block and immersed

in fixative for an additional 24 h. Three 0.2-cm-thick trans-

verse sections of the left lung were embedded in paraffin.

Paraffin tissue blocks were cut to provide sections of 4–

6 mm. The sections were stained with H&E and modified

Masson’s trichrome stains to be used for morphological

assessment of the lung.

Semiquantitative morphological index (SMI)

Pathological changes in lung sections were graded semi-quan-

titatively, as previously reported (Lossos et al. 2000; Segel

et al. 2001; Izbicki et al. 2002b), using the following grading

scheme: 0, normal tissue; 1, a few foci of inflammation and

epithelial hyperplasia usually limited to subpleural foci within

just one to two sections; 2, greater involvement with several

foci present in all lung sections; 3, extensive lesions in at least

two of three sections; 4, extensive involvement in all lung

sections, with only a few normal alveolar regions.

Quantitative image analysis

Morphological assessment was further refined by means of

computer-assisted morphometry, using Optimas image analysis

software (Optimas, Bothell, WA, USA), as we have previously

described (Kremer et al. 1999; Laxer et al. 1999; Berkman et al.

2001; Izbicki et al. 2002a; Izbicki et al. 2002b).

Alveolar wall area fraction. Alveolar wall thickness may

increase due to either fibrosis or interstitial oedema. Alveolar

wall area fraction was quantified by means of the image

analysis program configured to determine, in sections of

H&E-stained slides, the area fraction of alveolar wall tissue.

Using a 10· objective lens, 10 randomly selected fields lacking

visible blood vessels or airways were selected using a video

camera and were displayed on a monitor. Each field of interest

measured a constant 455 · 345 mm. The image analysis

software was programmed to measure the area of all stained

tissue and divide it by the field area, thereby calculating an

alveolar wall area fraction value for 10 fields, which were

averaged for each animal. Data have been presented as a

percentage.

Fibrosis fraction. The degree of fibrosis was quantified by

analysing slides that were stained with a modified trichrome

stain, to enhance the blue-stained collagen. The image analysis

program was configured to detect areas of blue-stained

collagen within each of 20 randomly selected high-power

fields (135 · 95 mm) per slide. The fraction of blue-stained

collagen areas for each field was averaged for each animal and

is presented as a percentage.

Isolation of lung cells (LC)

Lungs were removed, minced with a razor blade and incu-

bated at 37 �C for 90 min in RPMI-1640 containing 1 mg/ml

collagenase (Sigma, St Louis, MO, USA). After enzyme treat-

ment, lung tissue was finely minced and gently filtered

through a nylon mesh. After two washes in Hanks Balanced

Salt Solution, cells were resuspended in culture medium

(RPMI-1640 supplemented with 10% FCS, 100 m/ml of peni-

cillin, 100 mg/ml of streptomycin, 25 mM Hepes buffer, 2 mM

l-glutamine and 1 mM sodium pyruvate).

Flow cytometry for LC surface markers

LC were washed twice with FACS medium (0.02% NaN3,

2% FCS in PBS), fixed with 3.7% paraformaldehyde and

washed again with FACS medium. Cells were stained with

the following antibodies (all from Pharmingen BD, Temse,
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Belgium): anti-CD3 for all T cells, anti-CD4 for T-helper cells,

anti-CD8 for T-cytotoxic and T-suppressor cells, anti-B220

for B lymphocytes and anti-NK1.1 for natural killer cells.

Cells were then analysed by means of flow cytometry

(FACScan with LYSYS II software for analysis, Beckton-

Dickinson, San Jose, CA, USA).

In vitro assay for the effect of IL-2-PE664Glu on LC

extracted from bleomycin-treated mice

LC were extracted from the lungs of bleomycin-treated mice 6

days post-intratracheal instillation and were cultured.

Recombinant IL-2 (PeproTech, London, UK) was added to

the medium (10 U/ml), and cells were plated at 2 · 104 cells/

200 ml/well in a 96-well tissue-culture plate. Cells were then

incubated with 50, 100, 500, 1000 and 2000 ng (total pro-

tein/well) of IL-2-PE664Glu or with PBS (control) overnight.

The cytotoxic activity of IL-2-PE664Glu was assessed by deter-

mining cell viability, using the trypan blue exclusion assay,

and by measuring the inhibition of protein synthesis (3H-

leucine incorporation) (Lorberboum-Galski et al. 1988b).

In vitro assay for the effect of IL-2-Bax on LC extracted

from bleomycin-treated mice

LC (0.5 · 106 cells/10 ml) from mice killed 6 days post-intra-

tracheal bleomycin were incubated with IL-2-Bax (5 mg/ml,

total protein concentration) and were harvested after 24, 48

or 72 h. RNase (10 ml of 50 mg/ml) and propidium iodide

(5 mg/ml) were added to the cell samples, which were then

analysed by using flow cytometry for DNA content.

Statistical methods

BAL cell number, alveolar wall area, fibrosis fraction and hydro-

xyproline levels were analysed by using one-way ANOVA. Post-test

comparisons were performed by means of the Bonferroni test.

Comparison of the non-parametric SMI scores was performed

using the Kruskal–Wallis test, and post-test comparisons by the

Dunn test. Comparisons of flow cytometry data (Bleo/IL-2-Bax

vs. Bleo/PBS) were performed using the Mann–Whitney test.

P-values of <0.05 were considered significant.

Results

IL-2-Bax and IL-2-PE664Glu effectively target cells from

bleomycin-injured lungs

We initially studied the effect of IL-2-Bax and IL-2-PE664Glu

on lung cells extracted from bleomycin-treated mice ex vivo in

order to determine whether cells that are potential targets for

IL-2-R-targeted chimeric toxins are present in the lungs of

these mice. IL-2-PE664Glu caused inhibition of protein synth-

esis by lung cells in a dose-dependent manner (Figure 1). At

the maximally effective concentration (5 mg/ml), protein

synthesis decreased to 47% of the control level (median

value of triplicate measurements).

The apoptotic effect of IL-2-Bax on cultured lung cells

extracted from bleomycin-treated mice was also demon-

strated. After 24, 48 and 72 h in culture, the percentage of

untreated cells that were apoptotic was 30, 41 and 45%,

respectively. Treating the cells with IL-2-Bax consistently

increased the apoptosis rate to 37, 50 and 65%, respectively

(all values are medians of triplicate measurements).

IL-2-Bax reduces lymphocytic infiltration of the lung in

response to bleomycin

Bleomycin induced typical inflammatory changes as evident in

the results of total and differential BAL cell counts (Table 2).

At 14 days after intratracheal instillation of bleomycin or

control saline, the total BAL cell count was increased more

than five-fold in the Bleo/PBS group, compared to the Sal/PBS

group (P < 0.001). The percentages of BAL lymphocytes and
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Figure 1 IL-2-PE664Glu dose-dependently inhibits protein synthesis

in lung cells from bleomycin-treated mice. Cells were extracted

from the lungs of mice 6 days after intratracheal instillation of

bleomycin, and cultured ex vivo. The effect of different

concentrations of IL-2-PE664Glu on protein synthesis (3H-leucine

uptake) was measured. Median values of measurements done in

triplicate are showed. The experiment was performed twice.
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neutrophils were increased, and the percent of macrophages

reciprocally decreased, in bleomycin-treated mice, compared

to the saline group. Eosinophils represented <1% of BAL cells

in all samples from all groups. In terms of absolute cell counts

(cells/ml), there was a significant increase in the counts of

macrophages (P < 0.001), as well as lymphocytes (P < 0.001)

(Figure 2) and neutrophils (P < 0.05), in the bleomycin group.

The BAL lymphocytosis induced by bleomycin was attenu-

ated in mice treated with IL-2-Bax or IL-2-PE664Glu – mean

lymphocyte counts were approximately 25% that of the Bleo/

PBS group (Figure 2). The total BAL cell counts were also

reduced by 65% in the IL-2-Bax group and by 45% in the

IL-2-PE664Glu group (Table 2) (P < 0.05). BAL macrophages

and neutrophils in the Bleo/IL-2-Bax and Bleo/IL-2-PE groups

were numerically decreased, compared to the Bleo/PBS group,

but the differences did not achieve statistical significance.

Table 2 Total and differential bronchoalveolar lavage (BAL) cell counts

Bleo/PBS

(n 5 8)

Bleo/IL-2-Bax

(n 5 8)

Bleo/IL-2-PE

(n 5 6)

Sal/PBS

(n 5 9)

Total (·106 cells/ml) 0.21 6 0.03* 0.13 6 0.02† 0.11 6 0.03† 0.04 6 0.004

Lymphocytes (%) 29 6 7‡ 13 6 1† 14 6 4† 0.5 6 0.2

Macrophages (%) 63 6 8‡ 77 6 2† 79 6 6† 99 6 0.3

Neutrophils (%) 7 6 1.5‡ 9 6 1.5 9 6 2.5 0.1 6 0.1

Total and differential cell counts from the bronchoalveolar lavage (BAL) fluid are presented as mean 6 SEM for each group. Differential counts

are given as a percentage of the total cell count. *P < 0.001 compared to Sal/PBS. †P < 0.05 compared to Bleo/PBS. ‡P < 0.05 compared to Sal/

PBS.
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Figure 3 Changes in lung cell (LC) subpopulations induced by

IL-2-Bax. All animals received intratracheal bleomycin on day 0.

Twice-daily injections of IL-2-Bax or PBS (three mice per group)

were commenced 12–16 h later, and continued until the evening

before killig, for a total of 6 days. LC were extracted on day 7.

Percentages of (a) CD3+ and (b) CD8+ cells are showed, as

detected by means of flow cytometry. Each point represents cells

from a single animal. Comparison between the two groups was by

the Mann–Whitney test.
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Figure 2 IL-2-Bax and IL-2-PE664Glu attenuated the BAL

lymphocytosis induced by bleomycin. Experimental groups and

treatment protocols are detailed in the Materials and Methods

section. Mice were studied 14 days after intratracheal instillation.

Mean + SEM values (106 cells/ml) are showed for BAL

lymphocyte counts, and were compared by means of

ANOVA/Bonferroni test.
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Flow cytometry of LC extracted 7 days post-intratracheal

bleomycin showed a significant reduction of 69 and 34%,

respectively, in the percentage of CD3+ and CD8+ cells in

mice treated with IL-2-Bax, compared to LC extracted from

mice treated with bleomycin alone (Figure 3). The percentage

of CD4+, B220+ and NK1.1+ cells was unaffected by IL-2-Bax.

Quantitative parameters of lung fibrosis

Bleomycin lung injury was reflected by an increased SMI score

of lung pathology in all mice of the Bleo/PBS group, compared

to the Sal/PBS group (P < 0.01)(Figure 4a). There was no

significant difference in the SMI score between the Bleo/IL-

2-Bax group, or the Bleo/IL-2-PE group, and the Bleo/PBS

group.

These results were confirmed by means of the computer-

assisted quantitative image analysis. The alveolar wall area

(Figure 4b) was increased about 1.5-fold in the Bleo/PBS

group (P < 0.001). However, in the Bleo/IL-2-Bax and the

Bleo/IL-2-PE groups, the alveolar wall area was not different

from that of the Bleo/PBS group. Similarly, the fibrosis frac-

tion (Figure 4c) was four-fold greater in the Bleo/PBS group

than that in the Sal/PBS group (P < 0.01), and neither IL-

2-Bax nor IL-2-PE664Glu had an effect.

Lung collagen, as assessed by means of hydroxyproline

content (Figure 4d), was significantly higher in the Bleo/PBS

group than that in the Sal/PBS group – 1501 6 54 vs.

1091 6 102 nmol/lung, respectively (P < 0.05). There was

no significant difference between the Bleo/IL-2-Bax and the

Bleo/IL-2-PE groups and the Bleo/PBS group.

Discussion

In this study, we investigated the use of immunotherapy for

bleomycin lung injury by using chimeric proteins composed of

a targeting component and a cytotoxic component, genetically

engineered to be attached by peptide linkage.

The targeting component common to our chimeric proteins

is human IL-2, which targets the IL-2R. The IL-2/IL-2R com-

plex regulates the magnitude and duration of the T-cell

immune response (Taniguchi & Minami 1993). The high-

affinity IL-2R is not expressed on resting T or B cells, but is

strongly induced on mature B (Arima et al. 1992) and T

lymphocytes, following T-cell activation (Steinberger et al.

1997). Thus IL-2R-targeted chimeric toxins selectively kill

activated lymphocytes, with little or no effect on quiescent

cells (Ogata et al. 1988; Lorberboum-Galski et al. 1988a;

Lorberboum-Galski et al. 1988b; Lorberboum-Galski et al.

1990; Steinberger et al. 1995; Aqeilan et al. 1999).
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Figure 4 Morphological and bio-

chemical measurements of lung injury.

Experimental groups and treatment

protocols are detailed in the Materials

and methods section. Mice were

studied 14 days after intratracheal

instillation. (a) Semi-quantitative

morphological index (SMI) – each

point represents the score for a single

animal; horizontal lines represent

median scores; comparison between

groups was by the Kruskal–Wallis test;

(b) alveolar wall area (mean + SEM,

comparison between groups by ANOVA/

Bonferroni test); (c) fibrosis fraction

(mean + SEM, ANOVA/Bonferroni test);

(d) lung hydroxyproline (mean + SEM,

ANOVA/Bonferroni test). IL-2-Bax and

IL-2-PE664Glu did not affect bleomycin-

induced fibrosis, as assessed by these

parameters.
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Our hypothesis was that elimination of activated lympho-

cytes by IL-2-Bax would attenuate bleomycin-induced lung

injury. Our results show that IL-2-Bax is capable of eliminat-

ing lymphocytes in vivo – the lymphocytic infiltration of the

lungs in response to bleomycin was significantly attenuated.

However, the effect of IL-2-Bax on the inflammatory cells in

the BAL fluid was not accompanied by a statistically signifi-

cant effect on lung fibrosis as assessed by morphological and

biochemical parameters. Of note, there was no substantial

difference between the results obtained with IL-2-Bax and

those achieved with IL-2-PE664Glu, a first-generation IL-2R-

targeted chimeric toxin.

There are two possible explanations for our results. One is

that lymphocytes do not contribute significantly to bleomycin-

induced lung injury. The other possible explanation,

consistent with the possibility that lymphocytes do play an

important role in the pathogenesis of bleomycin lung injury,

stems from the fact that although lymphocytic infiltration was

reduced by IL-2-Bax, it was not abolished altogether. Thus,

the remaining lymphocytes might be sufficient to activate the

cascade of events leading to fibrosis. Moreover, we found that

only CD8+ lymphocytes were significantly reduced by treat-

ment with IL-2-Bax. As noted, there is circumstantial evidence

that suppressor T cells might play a role in shutting off the

fibrotic process (Thrall & Barton 1984). It has also been

showed that IL-2-PE40, a first-generation IL-2R-targeted

toxin, can induce IL-2 signal transduction and downstream

cytokine production by T-helper cells, before exerting its

cytotoxic effect (Volk et al. 1994).

The doses we used in these experiments were the maximum

tolerable. It may be possible in future, with further refinement

of the production of IL-2-Bax, to use higher doses and achieve

complete elimination of the lymphocytic response. This would

allow distinction between the two possibilities above.

Conclusions

The novel IL-2R-targeted chimeric toxin, IL-2-Bax, has a

demonstrable biological effect in vivo, in that it reduces the

lymphocytic infiltration of the lungs in response to intratra-

cheal bleomycin. This effect on the inflammatory component

of bleomycin-induced lung injury was not accompanied by a

decrease in lung fibrosis, the endpoint of the injury cascade.
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