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Contents of L-Asparaginase-Related Amino
Acids in the Plasma of Children with ALL

Hua JIANG, Long-Jun GU, Jing CHEN, Ci PAN, Hui-Liang XUE, Ai-Bin LIANG, HUI Yue, Wen-Gao CHEN

Department of Hematology/Oncology, Shanghai Children’ s Medical Center Affiliated to Shanghai Second Medical U-
niversity, Shanghai 200127, China

Abstract;: Objective To detect the contents of l.-asparaginase ( L-Asp)-related amino acids in ALL children
receiving L-Asp treatment; and to study the relationship between changes in L-Asp contents and clinical efficacy on ALL.
Methods Plasma concentrations of asparagine (Asn), aspartic acid (Aspa), glutamine {Gln) and glutamic acid (Glu) in
different stages of L-Asp treatment were measured by the HPLC-FLD method in 20 children with ALL (17 cases of B-
ALL and 3 of T-ALL). Results The plasma Asn level after the 1st administration of L-Asp decreased significantly.
With the administration of L-Asp according to the induction remission formula of All-XH99, the Asn level remained low,
even to nil level. This status remained for 7 days after cessation of L-Asp, and even 10 days in 15 cases of B-ALL, but
the Asn level in all the cases of T-ALL and only 2 cases of B-ALL increased and even returned to nomal 7 days after L-Asp
treatment ended. The concentration of Glu after the second and the last administrations of L-Asp increased significantly
and it returned to normal on the 7th day after cessation of L-Asp, while the concentration of Aspa increased and failed to
return to normal on day 10 after cessation of of L-Asp. The concentration of Gln slightly decreased during the course of
treatment with L-Asp, but the difference was not significant compared with that before treatment. Conclusions The
Asn level of children with T-ALL after cessation of L-Asp recovers earier than that of children with B-ALL, indicating
that it may be helpful for individualization of L-Asp administration in the treatment of ALL on the basis of the
immunophenotype of children. The glutaminase activity of L-Asp does not exert effects on the treatment.
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[ E] Bl W ALL BILIM KAV TR BLREES (L-Asp) 1877 1318 w40 36 B E B K F A b, 539 X Fh 2E
16506 BRITREAIAR KA, K L-Asp MM IR BHKIB, A% @ HPLCFLD $AR% 20 #3138 ALL 2 )L
(17 #12% B-ALL,3 #i & T-ALL)ZE L-Asp  FEA IR B4 B2 i 3% o [ T4 Btk (Asn) 1T & SR (Aspa) . B E BB (Gln)
BRABR(G)FH KT, R ELApFE—RKEAG, BILMEN Asn BETHE,BEE L-Asp WIRFHEH, BERK
F Asn IR RFFEMRAKT ERWA L, 4 15 B BALL BLT RS LAp BREY T XEAS, HES 10 R
RKEIEHR BEH 34 T-ALL BILHE L-Asp BRB 4 7 Ko Asn K EH BE AL E AT E% KT, {2 H
BALL BILHBELHER, 5HE—-REA LAp I 12 h B HREMRL , BoRK . BE—KNEF GukEYE
EFRAB(P<0.05),EE LAsp FFESH 7 RMBEWEAREER ;T Aspa IREMBFEAT (P <0.05), 752
10 RREEEH ER MR, Cn KFEBE T, SHITFMHLFTEEER, &t LApE
A& T-ALL 2JLi % Asn k¥ B-ALL BILIKE R, $B/R7EJLE ALL 899857, 50 F L-Asp M, 4 B
RBRENE X REA MR L-Asp MAL AR AR SKE . T L-Asp M348 EREIEHE L-Ap BWIFFER
HABE, [hEHRILF£E,2003, 5(2): 81-85]
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L-asparaginase (L-Asp) is one of the effective
medications in the treatment of acute lymphoblastic
leukemia (ALL). It can help asparagine (Asn) catal-
yse to aspartic acid (Aspa) and ammonia, causing a
depletion of Asn in the blood. In normal cells, the as-
paragine synthetase is active enough for Aspa to syn-
thetase Asn, and thus the synthesis of protein in cells
will not be affected. But in some malignancies such as
lymphoblastic leukemia and non-Hodgkin lymphoma,
the activity of the asparagine synthetase is lower than
that in normal cells and Asn for protein synthesis
would be insufficient. So, when there is alack of ex-
tracellular Asn, the synthesis of protein, DNA and
RNA is inhibited and death of cells would ensue.

In addition, L-Asp has some glutaminase effects
that can catalyse glutamine extracellularly and create
a glutamine gradient across the cell membrane, thus
facilitating glutamine transfers across cells rapidly and
its catalysis. This results in intracellular depletion of
Gln and limitation of synthesis of Asn and proteinm.
And the effect of glutaminase of 1.-Asp is thought to
be related to such side effects as Asn related en-
cephalopathy and coagulation disorder'? 3.

There are differences in dosages, methods, and
attendant side effects of administrating L-Asp in
childhood ALL among ocur country and other coun-
tries. To investigate the factors for therapeutic effica-
cy clinically and the causes of side effects of L-Asp, it
is important to study the concentrations of related

amino acids in the course of chemotherapy of ALL.

Materials and methods

Subjects

Twenty newly diagnosed childhood ALL patients
(12 males and 8 females, median age of 57 months)
admitted to our hospital from October, 2001 to
April, 2002 were enrolled in this study. Of these pa-
tients, 17 cases were B-ALL and 3 were T-ALL.
The treatment schedule (ALL-XH-99) was described
in Table 1. (L-Asp was prepared by Kyowa Hakko
Kogyo. Co, Ltd, Tokyo, Japan).

[XEHS] 1008 - 8830(2003)02 — 0081 - 05

Main apparatus and reagents

The standard amino acids, L-Asn, Aspa, Gln
and Glu were obtained from Sigma. HPLC-FLD was
HP1100 G1321A and its chromatography column was
Diamonsil™ C18 (250 mm X 4.6 mm, 5-pm). Fluo-
rescence detection was conducted at Agy = 450 nm and
Aex =334 nm.
Sample collection

Blood samples (3 ml) (100 U/ml heparin was
used as the anticoagulant) were collected 1 — 2 hours
prior to administration of asparaginase and at the 4th,
7 th and 10 th day after cessation of L-Asp. Within 20
minutes after collection, the samples were centrifuged and
the plasma was stored in a —70C refrigerator.
Detection of amino acids

The standard curves were established using four
kinds of standard amino acids according to the refer-
encel?) with minor modifications. Firstly, the plasma
(500 ul) was immediately deproteinized by adding
10% 200 pl sulphosalicylic acid (w/w). After cen-
trifugation, 200 gl supernatant was collected and
mixed with 20 pl OPA reagent. Two minutes later,
50 pl mixture was monitored by HPLC-FLD. The
limit of quantification was 0.2 pmol/L.
Standards of the results

Asn <X 0.2 pmol/L was classified as complete
depletion. The Asn concentration of near-complete
depletion was between 0.2 and 0.5 pmol/L. The
moderate reduction was between 0.5 — 1.0 pmol/L
and the incomplete reduction was between 1 — 40
umol/L. Asn >40 pumol/L was classified as no deple-
tion[3).
Statistical analysis

The comparisons of Asn concentrations were per-
formed according to the method of Jonckheere-Terp-

stra.

Results

Stability of the amine acids in the plasma
FEach derivative amino acid level in the plasma

was measured using the HPLC technique (See Figure
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1). The daily calibration curves showed linearity
>0.99 for aspartic acid ( Aspa, calibration linear
from 1.059 to 52.95 uM), asparagine (Asn, calibra-
tion linear from 1.099 to 54.95 M), glutamic acid
(Glu, from 1.054 t0 52.7 uM) and glutamine (Gln,

from 1.122 to 56.1 pM) (See Figure 2). The varia-
tion assay showed that the coefficients of variation of
the standard curves were lower than 10% .

Changes of amino acid levels in the plasma during
each phase of administration of 1.-Asp

Table 1 Induction remission formula of ALL-XH-99

Prednisone 60 mg/m*/d
Vincristine 1.5 mg/m?
Daunorubicin 30 mg/m’

L-Asp 6000 U/m’

0~28 days
8th, 15th, 22nd, 29th day
8th, 9th, 10th day

once every other day from the tenth day (six to ten times)

Table 2 Changes of the Asn level in different phases of treatment [Number (% )]

7 days after 10 days after

ration Last administration . .
cessation of L-Asp  cessation of L.-Asp

Asn First administration Second administ
<20.2 pmol/L — 13(65)
0.5 pmol/L<Asn<<1 pmol/L — 1(5)
1 pmol /K< Asn<C40 pmol/L — 6(30)
>40 pmol/L 20(100) —

13(65) 13(65) 9(45)°
- 1(5) -
7(35) 1(s) 6(30)
- 5(25)° 5(25)¢

Note: a vs the second application P < 0.05

Table 3 Concentrations of Aspa, Glu and Gln in different phases of treatment (7 £ s, pmol/L)

Aspa Glu Gln
First administration 20.97+7.48 28.35£9.62 661.64£22.34
Second administration 49.92£28.18° 48.67+134 10° 632.70£238.17
Last administration 43.56 £25.38° 50.34 £30.26° 603.39£233.95
7 days after cessation of administration 34.40+23.06" 30.49%+12.54 539.65%160.96
10 days after cessation of administration 32.13+20.06° 29.18+16.00 646.95 £160.59

Note; a vs first administration P <0.05
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Figure 1 HPLC-FLD picture of
4 kinds of standard amino acids
The 1st peak is Aspa, 2nd is Glu, 3rd is Asn and 4th is Gln
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Figure 2 Standard curves of 4 kinds of amino acids
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Amino acid concentrations ( Asn, Aspa, Glu,
Gln) changed after treatment with L-Asp. The Asn
level reduced significantly between the first and sec-
ond administrations of L.-Asp according to the sched-
ule. The Asn level of the children was within the
lower range or even to nil level. This status remained
for 7 days after cessation of treatment with L-Asp,
and the Asn level was still below the normal range
even on the 10th day. But on the 7th day after termi-
nation of treatment with L-Asp, the Asn level of 5
patients ( T-ALL 3 cases, Pre-B-All 2 cases) in-
creased significantly or even returned to the normal
level (See Table 2). Compared with the Glu level 1 -
2 h before the first administration of L-Asp, the Glu
level after the second and the last administrations of
L-Asp increased significantly ( P <0.05) and it de-
clined to normal on the 7th day after L-Asp treat-
ment, while the Aspa level was higher than normal (
P <0.05) even on the 10th day after L-Asp treat-
ment. The Gln level decreased slightly during the
course of treatment, showing no significant difference
compared with that before administration (See Table
3).

Discussion

Boos'*/ reported that on the first and third days
after administration of asparaginase (all patients were
enrolled into ALL-BFM 90 schedule), the level of as-
partic acid and glumatic acid rose significantly, while
the level of glutamine decreased markedly, and the
level of asparagine almost vanished 2 weeks after the
last administration of L-Asp. In our study Asn con-
centration in most patients did not recover and was
even undetectable 10 days after cessation of L-Asp
treatment. In 5 cases, Asn concentration almost re-
covered 7 days after cessation of I.-Asp treatment.
Three cases of them were T-ALL and 2 were Pre-B-
ALL. Aspartic acid was elevated significantly before
the 2nd and the last 1.-Asp administrations, and it
continued for 10 days after cessation of L-Asp treat-
ment.

4]

Pieter'*’ observed that drug resistance to L-as-

paraginase in T-ALL patients was stronger than that

in common and pre-B-ALL patients. Diibbers!”’

found that there was no significant difference in as-
paraginase synthetase (AS) activity between ALL
and AML. But significantly lower AS activity was
found in the B-lineage ALL and AML-MS subgroups,
while the activity of AS were rather higher in T-
ALL. The therapeutic effect of L-Asp is closely relat-
ed to the trough activity level, and the expression and
activity of AS were inversely related to the sensitivity
of asparaginase in human leukemia cells. In addition,
L-Asp can cause a depletion of Asn in tumour cells,
and consequently the synthesis of protein in tumnor
cells is blocked with cell death. Therefore we postu-
lated that a certain dose of L-Asp can diminish the
Asn level, even to nil level. In some blast cells such
as T-ALL blast cells, the AS activity was so high that
it can synthesize enough Asn to keep the cells alive
and rendering it insensitive or resistant to L-Asp, the
Asn concentration of these patients would increase or
even return to normal soon after L-Asp administration
stopped. In this study we found that the Asn level of
3 cases of T-ALL recovered 7 days after cessation of
L-Asp treatment, and the Asn level in one of these
cases increased significantly 4 days after cessation of
L-Asp treatment. Thus we suggested that the method
and dosage of 1.-Asp in the treatment of children with
T-ALL should be modified by increasing the dosage of
L-Asp per time or the times of administrating L-Asp.

Sheng'®! reported that altering the coding se-
quence Cys-1 of As to either Ala or Ser could elimi-
nate its activity of glutaminase and the Asn synthesis
activity of As was also inhibited by Gln. This indicat-
ed that the mutation of AS gene would result in the
change of As activity. In our study, the Asn level in
2 cases of pre-B-ALL returned to normal 7 days after
cessation of L-Asp. We postulated that perhaps the
genetic polymorphism of As in human beings might
cause different levels of sensitivity to L.-Asp in differ-
ent people. In some people, the AS activity increases
due to some special genetic polymorphism, so they are
insensitive to L-Asp. Therefore to administer appro-
priate chemotherapy schedule and to elevate the clinic
efficacy, it is important to study the genetic polymor-
phism of AS gene and the relationship among the ge-
netic polymorphism and AS activity and clinic

efficacy.
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In our study, the Glu level increased and contin-
ued for 7 days after cessation of L-Asp administra-
tion, while the Gln level decreased a little but there
was no significant difference compared with that be-
fore treatment. Thus we regarded that the glutami-
nase activity of L-Asp did not have any significant ef-
fect on the therapy. Although some authors reported
that the glutaminase activity of L-Asp contributed to
the abnormality of blood coagulation, we found few
of these side-effects in our study, which is probably
related to the lower dosage of L-Asp in our treatment
or the mutation of G1691 A and G20210A of factor
V.

In our opinion, it is important to determine a
reasonable administration method with L-Asp treat-
ment for childhood ALL on the basis of immunophe-
notype. Further reseach of genetic polymorphism and
activity of AS would be greatly beneficial to the im-

provement of therapeutic efficacy.
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