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Abstract Repeated administration of L-asparaginase leads

to the development of specific antibodies and hypersensi-

tivity reactions. The aim of the study was to evaluate a

possible cross-reaction of anti-asparaginase antibodies,

developed against the native E. coli L-asparaginase (Aspar-

aginase Medac), with other preparations of the enzyme.

Sixteen patients with acute lymphoblastic leukemia, in

whom in the reinduction phase of treatment hypersensitivity

against L-asparaginase was observed and/or the presence of

anti-asparaginase antibodies was established were recruited

for the present study. Ten out of 16 tested sera showed cross-

immunoreactivity to PEG-asparaginase, while no reactivity

to L-asparaginase derived from Erwinia chrysantemi was

observed. Since cross-reacting antibodies were also found in

sera of patients with no overt allergic reaction, L-asparagi-

nase may undergo silent inactivation during the reinduction

phase of therapy. This finding is of clinical importance with

regard to appropriate dosage and necessitates careful enzyme

activity monitoring in all patients undergoing repeated

treatment with various L-asparaginase preparations.
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Introduction

L-asparaginase, an effective antineoplastic agent, has been

a mainstay of protocols used in treatment of pediatric acute

lymphoblastic leukemia (ALL) for nearly 30 years [1].

The enzyme catalyses the extracellular decay of amino acid

L-asparagine to aspartic acid and ammonia [2–4]. Depletion

of serum asparagine restricts protein synthesis in sensitive

blasts, leads to impairment of cellular function and apop-

tosis of malignant cells. Although, asparaginase is found

in various plant and animal species, only its discovery in

microorganism enabled large-scale enzyme production

[5, 6].

Nowadays, tree formulations of the enzyme are avail-

able for therapeutic use. Two native preparations are

derived from Escherichia coli and Erwinia chrysantemi.

Both of them are approved for use in the therapy of patients

in the front line and at relapse. However, repeated

administration of foreign protein leads to the development

of specific antibodies and hypersensitivity reactions, which

make the continuation of therapy impossible [3, 7–9].

Chemical modification of native E. coli enzyme with

polyethylene glycol reduces its immunogenicity and

markedly prolongs the duration of its action [7, 10, 11]. In

patients with clinical hypersensitivity to native enzyme,

PEG-asparaginase has been shown to be well-tolerated and

effective [12]. Replacement of the preparation which pro-

voked the hypersensitivity, with an alternative form of the

enzyme is a valuable therapeutic option. However, in such

cases, the question arises whether there is a danger of

L-asparaginase cross-inactivation by already existing anti-

bodies developed against the preparation used during

induction phase. Thus, the aim of the study was to evaluate

the possible cross-reaction of anti-asparaginase antibodies,

developed against the native E. coli enzyme (Asparaginase
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Medac), with other drug preparations (PEG-asparaginase,

Erwinase).

Materials and methods

The investigation was in accordance with the principles of

the Declaration of Helsinki, and the appropriate ethical

committee approved the protocol and informed consent

procedures.

Patient eligibility and treatment schedules

Sixteen patients with ALL treated with E. coli L-aspara-

ginase, in whom in the reinduction phase of treatment

hypersensitivity against L-asparaginase and/or the presence

of anti-asparaginase antibodies was established were

recruited for the present study. All patients were treated

according to the ALL BFM 95 protocol, which anticipates

8 doses of L-asparaginase 5,000 U/m2 in the induction

phase (day 12, 15, 18, 21, 24, 27, 30 and 33) and 4 doses of

L-asparaginase 10,000 U/m2 (day 8, 11, 15 and 18) in the

reinduction phase of treatment intravenously given. In the

reinduction phase 11 out of 16 patients clinically mani-

fested hypersensitivity against E. coli L-asparaginase and

were switched to PEG-asparaginase.

Blood samples collection and storage

For the evaluation of the presence and cross-reactivity of

anti-asparaginase antibodies blood samples were collected

on the 18th day of the reinduction phase. From patients

with allergic reaction to E. coli L-asparaginase blood

samples were collected on the day of presented symptoms,

before administration of other drug preparations. Blood

samples were collected in 4.9-ml tubes, centrifuged at

2,000g for 10 min, and the serum was stored at -70�C

until analysis.

Anti-asparaginase antibodies measurement

The presence of anti-asparaginase antibodies was evalu-

ated using ELISA method, as described previously [13].

Briefly, 96-polistyrene ELISA plates were coated with

asparaginase antigen and incubated. Patient plasma was

serially added to plates and incubated, thereafter were

developed with horseradish peroxidase-conjugated rabbit

anti-human IgG monoclonal antibodies. Then the substrate

solution was added to each well. Individual wells were

read on an ELISA reader set to establish optical density

(OD) at wavelength of 450 nm. The count higher than two

standard deviation of OD was established as the positive

cut down.

Evaluation of cross-reactivity with Western blot

analysis

Preparations of Escherichia coli L-asparaginase: Asparagi-

nase Medac (Medac GmbH, Germany), Kidrolase (Rhone

Poulenc, France), Oncaspar (Medac GmbH, Germany), and

Erwinia chrysanthemi L-asparaginase: Erwinase (Orphan,

UK) were size-fractionated on 12% SDS-PAGE and trans-

ferred to nitrocellulose membranes. The membranes were

blocked in TBS containing 3% bovine serum albumin

(BSA) and incubated with the sera diluted 1:300 in 1% BSA

0.05% Tween 20 TBS buffer. After three washes in TBS

containing 0.1% Tween 20 membranes were incubated

with peroxidase-coupled secondary antibody reactive with

human IgG in dilution 1:1,000 (Dako, Denmark). The

proteins of interest were visualized with SuperSignal West

Pico chemiluminescent substrate (Pierce, USA).

Results

Measured by ELISA all 16 patients had antibodies against

E. coli L- asparaginase in the reinduction phase of treat-

ment. Eleven children had generalized hypersensitivity

reaction in the reinduction therapy that required discon-

tinuation of native E. coli asparaginase. Clinical

characteristics of the allergic reactions included itching,

urticaria, abdominal or chest pain, dyspnea, cough and/or

hypotension. In this group of patients 9 of tested sera

showed presence of antibodies reactive with native E. coli

enzyme preparations, Asparaginase Medac and Kidrolase,

in Western blot analysis. Six sera were also reactive with

PEG-asparaginase. Five children showed no clinical

symptoms of hypersensitivity in the reinduction phase, yet

4 of them were positive for anti-asparaginase antibodies

reactive with all tested E. coli L-asparaginase preparations

by Western blotting. None of tested sera cross-reacted with

L-asparaginase derived from Erwinia chrysantemi (Fig. 1;

Table 1).

We observed the higher titer of anti-asparaginase anti-

bodies estimated by ELISA in the sera which were positive

in Western blotting, as compared with those, which did not

(average OD 0.64 vs. 0.27); however, the difference was

not statistically significant (P = 0.21 using non-parametric

U Mann-Whitney test).

Discussion

L-asparaginase is an integral part of the modern day che-

motherapy protocols of ALL. Owing to myelosupressive

nature and rare adverse late-effects in children it is con-

sidered to be an ideal agent for combination therapy
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protocol for childhood leukemia. However, clinical

hypersensitivity, which develops in about two-thirds of

patients treated with native enzyme preparations, limits its

subsequent use [5, 14]. In this study 11 children showed

allergic reactions to E. coli L-asparaginase in the reinduc-

tion phase of treatment, while in 5 patients no

hypersensitivity was observed. Generation of antibodies

reactive with L-asparaginase attenuates pharmacological

effect of the drug [5, 11] and is associated with the higher

risk of relapse in high-risk ALL [15].

In case of allergic reactions to native E. coli L-aspara-

ginase patients are usually switched to either pegylated

form of the enzyme or asparaginase derived from Erwinia

chrysantemi. We aimed to compare cross-reactivity of

antibodies developed against native E. coli asparaginase to

other drug formulations. Using Western blot analysis we

found that majority of tested sera were cross-reactive with

PEG-asparaginase, but none with Erwinia enzyme. This

finding is consistent with other report where cross-reac-

tivity was evaluated with ELISA method [16]. ELISA

seems to be more sensitive for detection of anti-asparagi-

nase antibodies and should be recommended for clinical

screening. However, there is likely that, during preparation

of the PEG-asparaginase for ELISA some epitopes may be

shown, which were not present in native PEG-asparagi-

nase. Thus, in our case Western blot approach gave

additional evidence for cross-reactivity since the size of the

band corresponds to native PEG-asparaginase.

On the other hand, high immunogenicity of native E.

coli enzyme can be greatly diminished by covalent

attachment of polyethylene glycol. PEGylation has also

been found to markedly prolong L-asparaginase half-life,

thus eliminates the problem of frequent medication. Clin-

ical studies show that PEG-asparaginase half-life in

patients with allergic reaction to native E. coli enzyme can

be markedly shortened compared to patients receiving

modified enzyme in the induction phase, 1.8 and 5.7 days,

respectively [10]. Muller et al. [17] monitored activity of

PEG-asparaginase in reinduction treatment in 70 children

treated according to BFM protocol, who during the

induction phase received native E. coli L-asparaginase. The

authors reported that after 2 weeks of PEG-asparaginase

application nearly one-third of patients had lower than

desired serum enzyme activity, while no clinically mani-

fested allergy was noted. Since it is widely postulated that

the decrease in enzyme activity is antibody-related phe-

nomenon, our observation suggests that the cross-reactivity

could explain unexpectedly decreased enzyme activity in

these patients.

Lack of reactivity of tested sera to Erwinase in Western

blot experiments can be explained by significant difference

in the amino acid composition between E. coli and Erwinia

chrysantemi preparations. Although Erwinase is a thera-

peutic option for patients with allergic reactions to native

E. coli enzyme it has many disadvantages, including high

immunogenicity similar to native E. coli enzyme [18] and

very-short plasma half-life [10]. In patients requiring dis-

continuation of native E. coli asparaginase in the

reinduction phase expected half-lives of PEG-asparaginase

and Erwinase would be 1.8 and 0.65 days, respectively

[10]. Thus, in spite of observed cross-reactivity PEG-

asparaginase is a valuable preparation for patients hyper-

sensitive to native drug, however, shortened half-life time

should be considered during treatment in reinduction

phase.

Western blot analysis enables visualizing reactivity of

anti- E. coli asparaginase antibodies with other enzyme

Table 1 The cross-reactivity between anti-asparaginase antibodies

against native E. coli asparaginase (Asparaginase Medac) and other

enzyme preparation

Clinical signs

of allergy

Number of

analyzed sera

Cross-reaction

(the number of reacting sera)

Medac Kidrolase Oncaspar Ervinia

Present 5 4 4 4 0

Absent 11 9 9 6 0
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Fig. 1 Western blot analysis of sera immunoreactivity to several

L-asparaginase preparations. The evaluation was performed using

pooled sera from patients with clinical signs of hypersensitivity and

from individuals without hypersensitivity during the reinduction

phase of ALL treatment. Sera obtained from healthy volunteers, who

did not receive, L-asparaginase were used as a negative control. A

smear, which is observed at the top of PEG-asparaginase band is

probably related to degraded preparation
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preparations. Three of the tested sera failed to show immu-

noreactivity in Western blotting while measured by ELISA

all samples had antibodies against E. coli L-asparaginase.

Two of these sera had low titers of anti-asparaginase

antibodies in the ELISA measurement. Thus, Western blot

seems to be less-sensitive method compared to ELISA.

Moreover, ELISA evaluation was made soon after sample

collection whereas Western blot analysis was performed

using long-term stored and previously defrozen samples,

thus protein degradation may be responsible for some of the

observed discrepancy.

Conclusion

Our results indicate cross-reactivity between antibodies

directed to native E. coli L-asparaginase and its pegylated

form, but not Erwinia derived enzyme. Moreover, we

detected presence of cross-reacting antibodies in sera of

patients with no overt allergic reaction. Thus, even in the

absence of clinical hypersensitivity L-asparaginase anti-

cancer efficacy may be reduced in the reinduction therapy.

This is of clinical importance with regard to appropriate

dose and schedule in the reinduction phase of treatment.

Our finding emphasizes necessity of careful enzyme

activity monitoring in all patients undergoing repeated

courses of L-asparaginase treatment in order to achieve

continuous asparagine depletion. It is especially important

in the case of use of pegylated form of enzyme, after the

occurrence of hypersensitivity reaction against native E.

coli L-asparaginase.
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