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Summary

L-asparaginase has long been used as an anti-tumor enzyme preparation of Escherichia coli -derived
"Leunase" for acute lymphoblastic leukemia since 1971 in Japan. L-Asparaginase exerts an antineoplastic
effect by degrading L-asparagine in the blood and tumor cells making asparagine-requiring tumor cells
nutritional deficient. Although it was assumed that its effectiveness depends on the loss of asparagine
synthetase activity in cancer cells from the beginning of discovery. This hypothesis was verified by a new
molecular biology method including our study merely within 20 years. Involvement of apoptosis, ER-stress or
autophagy was found to be closely related with respect to the mechanism of cell death by L-asparaginase. The
contaminating glutaminase activity also plays a role as a mechanism of cell death. Efforts to explore the precise
anti-tumor mechanism made clear that glutamine deficiency is also involved by L-asparaginase treatment.
Glutamine plays an important role as an energy fuel not only in cancer cells but also in normal cells.
Subsequently it became clear that asparagine and glutamine plays an important role in mammalian cell
phenomena. As a recent new clinical aspect, Li-asparaginase preparation "Erwinase" derived from FErwinia
chrysanthemi has been approved and started to be used as a substitute for patients who have allergic reactions
to HKscherichia coli -derived preparations. Clinical trials are also proceeding with a new L-asparaginase
preparations encapsulated in erythrocytes. Research success in new preparation enabled a new era of new

indication of asparaginase to new target of tumor chemotherapy.
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Fig.1. Schematic diagram of asparagine / ASNase /
ASNS

L-Asparaginase hydrolyses asparagine, which is essential
growth factor for tumor cells deficient in asparagine
synthetase.
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name origin company Half life Activity (U)*
Elspar E. coli Merck 1.2840.35d 10,000
Leunase E. coli Medac, HhFn3gRExY 1.16+0.28 d 5,000
Erwinase Erwinia chrysanthemi Jazz, K 0.65+0.13 d 20,000
Pegaspargase E. coli-Pegylated Shire 5.73+3.24 d 500

Table 1. L-asparaginase preparation formula for Acute lymphoblastic leukemia in childhood

*equivalent activity with Elspar 10,000 U
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Fig.2 Gene structure and proximal promoter

sequence for human ASNS.

A exon-intron structure and size of the human ASNS gene.
B: sequence of the proximal 173 bp for the human ASNS
promoter. Designated are a number of transcription factor
binding sites that have been identified by in vivo
to

contribute to either basal or stress-induced transcription.

footprinting and single nucleotide mutagenesis

Transfered from Balasubramanian(20).
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Fig. 3. A working model for control of the asparagine
synthetase (ASNS) gene by the AAR or UPR

pathways.

Transcription factors shown in color have been localized to
the ASNS promoter by chromatin immunoprecipitation
analysis. Unidentified or putative components are shown in
gray. Transcription from the ASNS gene reaches its highest
rate at 1-4 h (phase I) following nutrient stress. ASNS
transcription is still elevated relative to the “fed” state
between 4-24 h (phase II) following nutrient stress, but the
rate is reduced. Transfered from Richards(7).
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Fig.4. Multiple signal pathways that make up the

amino acid response (AAR) in mammals.

The AAR is a collection of signaling pathways that result in
an integrated transcriptional program. Whereas uncharged
tRNA activation of the GCN2 kinase has been documented
to be the AA sensor for the pathways leading to increased
NF-xB activity and ATF4 synthesis , the sensor that leads
to MEK and GPCR12 activation has not been identified
(indicated by dashed lines). AA transporters have been
proposed as possible sensor molecules. Transfered from

Balasubramanian(20).
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Fig.5. Regulation of ASNS expression.
Asparagine depletion activates the AAR, whereas

endoplasmic reticulum stress (ER Stress) activates the UPR.
Each stress condition increases the activity of an elF2
kinase. Phosphorylation of eIF2 slows global protein
synthesis, but paradoxically increases translation of a
subset of mRNAs, including that for the transcription factor
ATF4. Binding of ATF4 to an enhancer element within the
promoter of the ASNS gene induces expression of the

enzyme. Transfered from Lomelino(63).
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Figure 6. Role of extensive protein response (UPR) in
cancer

Tumors frequently encounter exogenous stress that impairs
protein folding in the endoplasmic reticulum (ER),
including inappropriate amino acid supply. In addition, in
response to the accumulation of ER misfolded proteins,
UPR is composed of three transmembrane ER proteins:
inositol requiring enzyme la (also known as IRE1la; ERN1),
PRK-like ER kinase (PERK; also known as EIF2AKS3)
Transcription factor (ATF) 6a hyperactivity increases the
transcription of the target which increases protein folding
ability and that of the ER-related degradation (ERAD)
pathway. UPR combined output can affect tumor growth at
cell

presentation,

many levels, including survival, angiogenesis,

inflammation, antigen invasion and

metastasis. Transfered from Oakes(21).
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Cells Asparagine Synthetase

Activity® (nM/min/mg protein)

Glutamine Synthetase Activity®

(pM/min/mg protein)

U937 253 + 150 6.05 + 1.08
U937/Asn(-) 165.1 + 422 6.13 + 1.14
U937/L-Asp 1.OR 21126 + 424.8 9.64 + 0.33

Table 2. Asparagine synthetase and Glutamine synthetase activities in wild type U937, U937/Asn(-) and
U937/L-Asp 1.0R resistant mutant cells

a Mean + SD of more than five experiments. Transfered from Kiriyama(43).

Leukemia Asparagine Content )
Asparagine Synthetase
Cells (nmol/myg protein) MRNA Protein Activity
MOLT-4 13.8 =16 1.00 1.00 1.00
NALL-1 128 102 2.10 2.00 1.38
MOLT-4/R(asn) 4.25+0.6 7 4.36 4.36 4.32
BALI-1 7.50 2.2 3.53 5.28 4.65
MOLT-4/R(ase) 1.63 1= 0.29 7.05 7.00 6.92

Table 3. Comparison of cellular asparagine concentration and level of ASNS mRNA, protein , and enzymatic
activity
Values are means +SD of at least 4 determinations. Cellular asparagine concentration was measured as described in text.
Relative amounts of AS mRNA, protein, and activity were determined by quantification of mRNA and protein content (and
enzyme activity) are expressed relative to an arbitrary value of 1.0 assigned to the results from MOLT-4 parental cell line.
Transferred from Hutson RG, Kitoh T(12).
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Fig.7. A simplified schema of metabolic pathways triggered by ASNase.
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...........................................................

mTORC1
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Protein
synthesis

Nucleotide
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Fig.8 Intracellular asparagine is involved in the
exchange with extracellular amino acids including
serine (Ser) and regulates protein and nucleotide
synthesis. Asparagine rather than extracellular
aspartic acid can be transferred inside and outside
the cell.

Model showing the contribution of asparagine to protein

synthesis and nucleotide synthesis. Intracellular
asparagine exchanges with extracellular amino acids (AA)
containing serine (Ser) to regulate protein and nucleotide
synthesis.

Transfered from Sullivan(64).

VYA VA SR & (3:: Y. NN

ASNase OEfl & LCIL, 7 2 / BEISEEFHR | ER-stress,
Autophagy 72 ENBMEITIEL G S TWVWD T LD H
N7 o TE TV %, ASNase #5FFZI 1T D HIlAsED
BRI, SXI1F LB~ 7 ASNS HEUB#HD 7 7 & 2
DHEIEL T, Rz, IEHLT 2/ ERX ML R
(ER-stress ; endoplasmic reticulum stress) & M {x#
0 B &1EM Autophagy #5835 2 & L DD I
ERPYTHNTNS, 1) ERR MR : ASNase
BRI 2 7B OBlEN S I AT+ — NV R F
NIBOERBPELD, ZNH DX T B EMEITR AL
T 572912, UPR & MEIN B85534 I OFRERHIAE O 177
AU AT LEEEALT S ER A ML 2AEB|EEIT,
ER AR A A AL L AFEIET 57>, F721% apoptosis &
T LMEE 7267, 2) FA— b7 7 U—IEH
ASNase # 512 L % ASN KZ i, Autophagy JE 23T
HEFTDH NI —E70 5 5, EEIC Autophagy EHEN
TTHELTWD Z R HERENTND, S HIZ ASNase
BEA. I P NI TOBREBLOCA— 77 0—0
TEMEAL 2 1 O fhE s X Ok ) v ek oW G O
EALIEREHELZ 0T Z BRI TND A
— 7= BELEI har R T EPERT S 2
LIZ X o TIRMEEEERE (ROS) L ULEE T &8,
fu% rescue L L9 E9524), —FH, VYV Y—LME
#I7T#H % Chloroquine # 512k 0 A4 — k7 7 U—XK
DORELE TR AOMINFEIZE T D Z & 23 HE &, ASNase
EOPFRIC LY BB R OIS I TV D
(65), TANRTXRZNG ASNS HEINSND .,
TR BRSHRN A L L THRBE T D OIS T4y 2 B ASN
FHAEBTETIC. BV VEVIAAARR, # o\ 7 EHB X
VU7 VAT FEMREETERnI & ER 2 b
A & Autophagy DEMEIZIE G - CHISEIZ W= 5 &
E2zHNTND,

T ARG X —BREROF 2 BE

V#7727 AT X —ERFORH (Fig9) 77 >~
A, U aroath, Erytech #1:1X, ASNase ZDH DD
WR TR RMERNICEAZEAT A HINZISA L.
E. coli ASNase D7 i Bk A SHKI % B L 7=(56), =
MUC AU T AT F UL THfit S s O Tk
72 <, transporter |2 & Y FEIBAYIZ AR MLER D NEIZE Y
AEN, LT ARTFF—BIINITHR L., 7 AT



FUBMB LT E=T AT D, RMERN~DFA
DHGREEPEZ 72 0 BED T AT X U RN Z 577,
ASNase MLHIZE 6 AT, SBEHRMEBIRT L, %
HHBIIER T 572012, @o< Y & LI, 7 A
NRIXUREOFRHRICL Y | FURESRZ =D, BITEH
R L E D EWIHIRALTH 2, N A~DES VK
FTA U TOERGUDBIEE > TN D,

2) filf. BEFEERIRBERBICHAND KT v« URY
va=rZORPVIEASNTND, < OIIRRAD
Glutamine Synthetase GS FHLOMRF T, GS K F DI
BERA T a7 v 2 X ARSI K 2 IREN A OfE
BULIEFRATRE & S, v 2 —ViEM 2 59 57
@ ASNase IZEIERH 5 & HIFFE LD (BT),

3) Bk M ASNSE /7 r—F LI L 5 ASNase i
S fEAT

ASNS DOXRIEE RARD 5 FIENHIUX, A NER %%
RTED, BAORELEE ) 7 o—FAHRIC L 5%
By, ASNS # U XU BoRBEZYEEL LA
Myp. EREE T IUS SIS TREZR, 7 AT ¥ —
BIRFIZRHT DML THIL S 2B FIETHD
(30), F/-ITHERRENT=F / 7 u—F LBk flow
cytometry |2 & 5 HILFAILAN O ASNS E& S AIEEZR
H O TG, MK, BEKA SR EMEO
L-asparaginase )5 & T4 2 DICA AR DT, 4
BOWEANE T2 a5 (59), KEFEFFETS : Patent No.:
US 9,638,697 B2 Date of Patent: May 2, 2017 Zi1 5
OPURE W T2 o e taikic L 0 Bix OB AMEICSK L
T L-asparaginase i)t A el % & > T & 72(60),
DM EIEL, O CTPHRAROERTHY | TAX
A MERRRICHIET D Z L 3% < (AR OBEHEN T
Ib(61), HEMEH R EMM 4 23V T ASNS @
Yt iiIC X W MESO-9, MESO-12 2 ¥k Ttk
BlEINTEY | in vitro AEWMEZfER LRGSR, 7l 2
FRIZHUV T ASNase DA ZIMEN R I 7-, ASNS %
JE L fEMEAS ASNase BN & HHBE L 4 1% D ASNase
B METHNISATE 5 2 L AR &1 5(62),

Red blood cell

B ! I
ASN ASP+NH3 @
asn ¥
@ ASP+NH3
{

ASN ASP+NH3

NS
ASP

L=ASP: L-asparaginase
) Substrate: ASN (asparagine)
2 Products; ASP (aspartate) & NH3 (ammonia)

Figure 9. Mechanism of action of Eryaspase
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Asparagine is actively taken up into erythrocytes. It is
decomposed into aspartic acid and ammonia internally by
asparaginase.

Transfered from Godfrin(56).
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