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One eof the mest attractive and eprtimistic areas eof cur-
rent cancer research 1s that cencerning the metabelic and
nutritienal differences between neeplastic and nermal cells.
The treatment ef malignant tumers with the enzyme L-aspara-
ginasgse may represent the first example of a mede eof therapy
directed at a specific nutritienal difference between cer-
tain neeplastic and nermal cells. This review 18 an attempt
te describe, 1n mere er less chrenelegic erder, the eriginal
research dealing with the discevery ef L-asparaginase as a
tumer-inhibiting agent and te trace 1its develepment as a can-
cer chemetherapeutic drug.

In 1953 Kidd ebserved the regressien ef twe types eof
trangsplarted lymphemas fellewing multiple injectiens given
intraperiteneally ef nermal guinea pig serum inte mice carry-
ing these tumers, whereas the lymphemas ef untreated centrel
mice grew rapidly, killing theilr hests within thirty days.1
The latter was true ef the grewth ef similar tumers 1n ether
mice given repeated injectiens ef herse serum er rabbit serum.
In similar experiments Kidd shewed that the cells ef a trans-
pPlanted lymphesarcema ef rats were temperarily kept frem pre-
liferating by multiple intraperiteneal injectiens ef guinea
Plg serum, while the cells of twe transplanted mammary carcil-
nemas of mice, and these ef flbresarcema, grew unimpeded in
hests that were simllarly treated. These findings, which were
thusfar unique, previded an example eof a naturally eccurring
substance, viz,, the guinea plg serum, that breught abeut re«
gressien of a single type ef cancer cells 1n living animals

witheut deing ebvieus harm,
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Kidd went en te shew that the active serum censtituent
was prebably a pretein, and suggested that 1t might be ene
of the cempenents ef cemplement., It was shewn micrescepically
that the cells eof subsequent lymphemas died rapidly and were
reserbed fellewing injectiens ef relatively large ameunts ef
guinea pig serum intraperiteneally inte mice carrying them,
Ne micrescepic changes referable te the guinea pilg serum were
seen in the mermal tissues eor ergans ef mice receiving 1it.
Meuse lymphema cells, suspended artificlally in a physlelegic
saline selutien, regularly remained viable fellewing incuba-
tien in vitre in mixtures with gulnea pig serum. Frem this
classic study, Kidd cencluded that the regressien ef the
grewths was breught abeut in vive threugh seme interactien
in which the hest and the unikgjewn active censtituent ef the
guinea pig serum beth participated.

Within & few years several investigaters became interest-
ed in this apparently unique feature ef the guinea pig serun,
and began varled experiments in an effert te further eluci-

date the principles 1nvolved.2'8

Jamesen and his asseclates
studied the inhibitien ef a fibresarcema, that was transplant-
ed inte a rat, by repeated intraperiteneal injectiens ef ner-

mal gulnea pilg serun.2

They felt that gamma glebulin was
semehew implicated, and that this inhibitien was enhanced by
a single injectien eof heterelegeus gamma glebulin given at
the time of implantatien. Te them the gamma glebulin appear-
ed te act in ene of several ways. By 1itself, in the dese

used, it had ne effect en tumer grewth, altheugh larger deses

had a stimulating effect en the grewth. When it was given in



cenjunctien with guinea pig serum, their results were equi-
vecal-- in seme instances 1t suppressed the grewth ef the
tumer entirely, and yet in ether instances 1t had ne added
effect en the inhibitery actien ef the guinea pig serum.
They came te the rather vague cenclusien that the ceurse
taken by the tumers was prebably depemdent en an unknewn
tumer-hest relatienship.

Yet ether investigaters felt that the preperdin systenm,
well knewn te ferm a natursl bactericidal system in cenjunc-
tien with cemplement and magnesium lens, was semehew invelved.
Herbut and his group3 had felt at ene peint in their investi-
gatiens that the tumer-inhibiting activity ef the gulnea pig
serum might be due te this naturally eccurring pretein called
preperdin, Subsequent experiments, hewever, cenvinced them
thag the tumer-inhibiting principle was in all prebability
net preperdin, but that the preperdin system in animals bear-
ing transplantable tumers was semehew altered,

Meanwhile, Jamesen and asseclates centinued te study the
actien ef the guinea pig serum and feund it te be effective
in inhibiting the ascites ferm ef the Murphy-Sturm lymphesar-
cena 1n4W13tar rats.u Their preliminary studies suggested,
tee, that the preperdin system was pessibly invelved in part.
The C'3 fractien ef hemelytic cemplement, hewever, did net
appear te them te be invelved in the activity. Of greater
impert was the fact that their experiments shewed that the
serum had te be present at the same time as the tumer cells
in erder te be effective, it being ineffective im inhibiting
the tumer after grewth had started.

Herbut centinued te investigate the pessible rele ef the
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preperdin system in transplantable cancer.5 At this time he
cencluded that 1) the eperating mechanism fer the regressien
of tumer size was net threugh the preperdin system, and 2)
that preperdin levels eof sera frem C3H mice varied inversely
with grewth ef tumer 6C3HED, but that this fluctuatien was
prebably an indicater ef tumer grewth rather tham its deter-
mirnant,

While centinuing te try te identify and iselate the
tumer-inhibiting principle, altheugh having givemn up the idea
that the preperdin system was respemsible, Herbut and Kraener6
became interested in determining first if any ef the ergans
of the guinea pig centalned the tumer-imhibiting principle
thus serving as a seurce eof this material in serum, and se-
cend, if they did, whether simllar ergans ef ether animals
might alse centaim this same substance. Saline extracts ef
livers frem several specles of animals were tested fer tumer-
inhibiting activity against Gardner lymphesarcema 6C3HED car-
ried subcutaneeusly by C3H mice. Cemplete regressien ef
grewth was ebtained with the extract ef gulnea pig livers;
marked, but incemplete, retardatien ef grewth was induced by
extracts ef sheep, heg and rabbit livers; slight and incen-
sistent retardatien with extracts ef herse and bevine livers;
and nene with extracts frem twe human livers.

Intrigued by these findings, Herbut and his fellew in-
vestigator:7 tested the ammenium sulfate glebulin fractien ef
Physlelegic saline extracts ef livers frem several species eof
animals fer their tumer-inhibiting activity against the Gardner
lymphesarcema. Cemplete regressien eof tumer er marked retarad-

atien ef grewth was ebtained with the glebulin fractien ef
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guinea pilg, heg, rabbit, herse, cew, sheep, and veal livers.
Slight retardatien ef tumer grewth was ebtained with the
glebulin fractien ef lamb liver, and that frem mermal human
livers frem three greups ef patients — newbern te eighteen
menths eld, nine te twelve years eld, and a 26 year eld,
regspectively - and frem ene ratient with chrenic¢c lymphecytic
leukemia. Preparatiens ef livers frem patiemts with brenchial
asthma, pneumenia, acute stem cell and myeleld leukemias, and
carcinema ef the kidmey and evary breught abeut ne retardatien
of grewth. These authers cencluded by saying that, 1n general,
the tumer-inhibiting activity ef the fractiens paralleled their
glebulin centent, but whether the tumer-inhibiting primciple
wasg glebulin itself er semething else merely asseclated with
this pretein remained te be preved.

It remained enly until 1961 fer the active cemnstituent

of the guinea pig serum te be elucidated. Broomea'9

ebtaln-
ed his evidence 1n twe ways: first, by a study ef the indue-
tien ef resistsnce te guinea pig serum by 6C3HED cells grewn
in tissue culture; and secendly, by a direct cemparisen ef
the L-asparaginase activity in varieus preparatiens ef guilmea
rig serum with their tumer-inhibitery preperties. His experi-
ments, ingenieusly perfermed, previded streng evidence that
the inhibitery actien ef guinea pig serum en 6C3HED cells was
due te 1ts L-asparaginase activity, and he cencluded that it
was prebable the anti-lymphema actlien en ether sensitive cell
strains was by a similar mechanism, and indicated that a dis-
tinct ferm ef L-asparagine metabelism was pessessed by this

greup ef tumers.

Other investigaters still remained semewhat skeptical.
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Beyse and associateslo felt that the fact that suppressien
had been ebtained enly with tumers which had a leng histery
of tramsplantatien, er with tumers carried in heteregeneeus
stecks, made 1t 4ifficult te evaluate the relevance ef the
fiading te primary cancer., They felt that since the tumers
that were lmewn te be sensitive were in seme degree incem-
patible with their present hests, 1t had been difficult te
assess the activity ef the serum facter free of any accem-
panying immune reactiens attributable te histe-incempatibil-
ity. Thus, they tested the sensitivity te guinea pig serum
of elghteen new leukemias that arese frem their inbred meuse
celenies. All the tests were carried eut during early trans-
rlant generatiens in mice frem their ewr celenlies, maintain-
ed under strict cenditiens ef inbreeding. They felt there
was little necessity te censider the interventien ef l1seanti-
genic disparity in the instances they reperted. Of the 18
leukemnias tested, ten were feund te be suppressed by guinea
pig serum. These leukemias included beth these which were
spentaneeusly eccurring and these that had been radiatiemn-
induced. They cencluded that a number eof new leukemias were
feund te be highly sensitive te suppressien by guinea pig
serum, under cenditiens where iseimmunity was certainly net
a centributery influence. They even stated that the pessi-
bility that seme tumers in man may be respensive te similar
treatament sheuld be censidered.

Up until that time, ne animal clesely related te the

guinea pig had been tested in regard te the suppressive prep-
erties of its sera tewards transplantable leukemiss. There-

fere, Beyse and hls greup seught a different line eof investi-
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gatlon.ll They ebtained several redents ef the same suberder

Hystricemerpha in erder te test the activity ef their sera

against transplantable leukemias. In view ef Breeme's cen-
tentions-g that this inhibitien was medilated by the L-aspar-
aginase centent ef the guinea pilg serum, they alse determin-
ed the activity ef this enzyme in each serum sample. They
feund that serum frem all members ef the super-family
Cavieldea, with the exceptien ef the capybara, shewed beth
pretectien against the leukemia graft and L-asparaginase ac-
tivity. It was cencluded that the fact serum frem three dis-
tinct genera, ether than the guinea pilg, pessessed beth L-as-
paraginase and the preperty ef inhibiting an experimental
leukemia strengthened Breeme's cemclusien that these twe
characteristics are causally related. Frem further experi-
ments with serial dilutiens ef serum, they ebtalned evidence
that the same quantitative relatienship existed between leu-
kemla inhibitien and L-asparaginase activity, irrespective

of the seurce of the serum.

Te further suppest Breeme's prepesal, Mashburn and Wristen
described experiments en the effectiveness eof partially puri-
fied L-asparaginase eof guinea pig serum in inhibiting tumer
growth.lz These authers shewed that there is a direct rela-
tienshlp between L-asparaginase activity and tumer-inhibitery
activity, regardless of the specific activity ef the L-aspara-
ginase used fer testing. Several L-asparaginase samples ef
intermediate specific activity were tested fer anti-lymphema
activity. These preparatiens shewed an initial inhibitery

effect en tumer grewth which was net sustained threugheut

thelr feur day injectien perled. When these samples were
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agailn assayed fer lL-asparaginase activity, it was neted that
there had been a cemplete less of the enzyme's activity. The
cenclusien was arrived at that this ebservatien supperted the
view that L-asparaginase eof guinea pig serum 1s respensible
fer the anti-lymphema activity.

Te add further cenfirmatien, Beyse and workernl3 descri-
bed ene of the sensitive leukemias, EARADl, induced by X-rad-
iatien, which they had mentliened in a previeus artielelo, in
a (C37BL/6xA)F; hybrid, and hew they used it in further tests
of the relatienship between the L-asparaginase activity and
the leukemia-inhibitery activity ef guinea pilg serum. Guinea
rig serum was fractienated by precedures based en different
preperties ef serum preteins - 1) selubility, 2) melecular
size, and 3) len exchange. These precedures, applied singly
or in series of twe er three steps, gave preparatiens in
which L-asparaginase activity was directly and quantitatively
cerrelated with the leukemia-inhibitery activity ef the eri-
ginal guinea plg serum peel.

By this time numereus blechemical investigaters had de-~
tected aspafaginase activity in several micre-erganisms, in-
cluding E. cell and B, ceagulans. Mashbura and erstonlu re-
perted results ef experiments which indicated that the L-as-
paraginase frem E. cell alse inhibited the grewth ef the
Gardner lymphesarcema in mice as did the gulnea plg serunm,

but that the cerrespending enzyme frem B, ceagulans was

witheut effect. In additien, they cempared the effects ef
E, cell asparaginase and guinea pig serum en twe additienal
meuse tumers, and feund that the guinea pig serum-sensitive

tumer was alse inhibited by E. cell asparaginase, whereas



(9)

the tumer that d1d net respend te guinea plg serum was un-
affected by the bacterial enzyme,

Herbut and Seld, centinuing frem their earlier experi-
uent36-7, underteek te 1selate the anti-tumer principle frem
beth the serum and the liver eof the guinea pig, and in deing
se, te iselate asparaginase in pure f‘orn.15 By a variety eof
separatien techniques, a 1400-feld purificatien ef the guinea
pPlg serum L-asparaginase and a 50-feld purificatien ef the
guinea plg liver asparaginase were effected. They feund that
while asparaginase frem beth seurces preduced tumer inhibie
tien, twe te three times as many units ef guinea pig liver
asparagingse were required te attaln the same degree ef inhi-
bitien as with the gulnea plg serum asparaginase preparatiens.

Breeme had net remained idle since his fertuiteus dis-
cevery in 1961, He ebtained a purified L-asparaginase frem
yeast and tested 1t en the grewth ef guinea pig sérum-semsi-
tive lymphema 6C3HED in C3H mice, but feund that ne inhibi-
tien eof the tumer resulted.16 He explained this by the ex-
tremely rapid rate eof clearance ef the enzyme in the meuse,
Whereas guimea pig serum L-asparaginase persisted in the
bleed in censiderable ameunts fer three er mere days fellew-
ing IV injectien, the yeast enzyme was almest cempletely
cleared in less than ene heur, His ultracentrifuge studies
suggested that the yeast L-asparaginase was in the ferm ef
melecular aggregates, of a kind likely te be taken up with
great avidity by the reticuleendethelial system.

Pattersen et 23}7 were apparently the first te cencrete-
1y prepese a mechanism ef actien ef the L-asparaginase in its

tumer-inhibiting activity, These authers studied the in vitre
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grewth respense ef the Jensen sarcema and its nutritienal
variants (JA-1 and JA-2) te media centailning nermal gulnea
pPlg serum and partially purified asparaginase and medla de-
veid ef asparagine., A cemparisen ef the merphelegy ef cells
grewn in the presence ef guinea plg serum and media develd
of agparagine shewed a remarkable similarity. Further, the
grewth characteristics ef cultures expesed te gulnea pig
serum and partially purified asparaginase were essentlally
the same. These results suggested the sctive cempenent ef
guinea plg serum was asparaglinase which catalyzed the de-
structien ef extracellular asparagine,

Seblin and Kidd, hewever, detracted frem this finding by
shewing that certain lines eof lymphema cells require L-aspar-
agine and ethers don't.l8

Yellin and Wristen were quick te peint up the fact,
theugh, that tumers susceptible te asparaginase indeed de
require asparagine in erder te divide nermally in tissue cul-
ture, and that ne ether enzyme which has a tumer-inhibitery
effect had been se clesely linked te a specific metabelic re-
quirement ef the tumer cell.19 These investigaters ebtailned
& highly purified preparatien ef L-asparaginase frem guinea
Plg serum and suggested that theilr evidence was highly cen-
clusive that the enzyme was respensible fer the tumer-inhibi-
ting principle ef guinea pig serum. They cited the fact that
the impertance ef demenstrating cerrelatiens between the grewth
of tumers en the ene hand and unique er highly medified meta-
belic pathways en the ether was widely recegnized and served

a8 an impetus fer much current cancer research, Ne ether en-

zyme except L-asparaginase up te that time had shewn such a
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striking effect in attempts te treat cancer. They went en te
say that there are ne knewn metabelic pathways which require
asparagine, and if ene szssumes that asparaginase inhibits the
tumer by depriving it ef asparagine as FPattersen et al sugges-
tedl7, the central preblem of the rele of asparagine still re-
mains. It 1s net knewn whether asparaginase acts indirectly
by way ef ribenuclease, fer example, er limits the avallabil-
ity ef asparagine fer a nevel blesynthetic pathway in the th-
mers,

Te add anether small preblem in the investigatiens ef
L-asparaginase, Reberts and ce-werkers iselated twe L-aspar-

20 The early emerging cempe-

aginase cempenents frem E, celi.
nent en celumn chremategraphy was capable ef causing cemplete
regressiex ef the Gardmer 6C3HED lymphesarcema and was stable
en prelenged incubatien with C3H meuse serum er periteneal
ascitic fluid. In centrast, the ether cempenent was signifi-
cantly 1inactivated with the meuse humeral fluids, and lacked
tumer-inhibitery activity. While the differences in the pH
eptimum and the stabillity ef the twe cempenents may acceunt
in part fer the difference in tumer-inhibiting preperties,
they felt that the true reasen was net yet knewa. In addi-
tien they stated it seems that the use of an enzyme derived
frem an erganism clesely related genetically te the recipient
weuld lessen the pessibility ef eliciting an immune respense
in the hest, and alse that treatment with larger deses ef the
enzyme ever a sherter perled ef time weuld appear te be high-
ly desirable in tumer therapy.

Varieus phases ef research en L-asparaginase had by this

time been geing en. Delewy et al became interested in finding
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eut if L-asparaginase was capable eof affecting an intracere-
bral tunor.21 Partially purified preparatiens ef L-aspara-
glnase frem gulnea plg serum and E. cell wereé tested en in-
tracerebral 6C3HED tumers. DBeth gulmea plg serum L-aspara-
ginase and E. cell asparaginase when given 1n sufficlent
deses were feund te be effective in causing prelenged re-
gressien ef intracerebral 6C3HED lymphemas actively grewing
in C3H mice. The authers felt it was net knewn whether the
"drug® penetrated the meninges er the brain substance direct-
ly.

In anether vein, ether atbhers were werking teward ex-
Plaining a mechanism ef actiem., Sebin and Kidd feund that
heated guinea plg serum injected intraperiteneally in mice
in which lymphema 6C3HED-OG (ef Gardner's eriginal line)
were grewing in the periteneal cavity, quickly induced an
alteratien in the pretein metabelism ef the preliferating
lymphema cells, as shewn by studies with radleactive vallne.zz
Alse, they neted that alteratiens 1in nucleic acid metabelism
became manifest in the asparagine-depemdent cells after leng
expesures te the guinea plg serum in vive, perhaps, they sug-
gested, as a result ef a primary inhibitien ef pretein sym-
thesis,

Abeut the same time, Mashburn and Wristen presented evi-
dence that the regressien ef lymphesarcema 6C3HED induced by
L.asparaginase was preceded by an Increase in the alkaline
ribenuclease eof the pest-mitechendrial cell fractlen ef the
tumer, while the acid ribenucleage was increased later dur-
ing the regression.23 They felt that since RNase 18 a pes-

sible regulatef ef pretein synthesis, its 1increased activity
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coeuld lead te cell destructien. In additiem, they stated the
cytetexic effect ef asparaginase en 6C3HED cells in vitre re-
perted by Berrela and worker324 was accempanied by a reduc-~
tien in the ameunt ef tritiated cytidine taken up by the cells,
and suggested that such a decrease ceuld be caused by an ir-
creased rate eof BNA destructien by BNase which had been actie
vated by asparaginase as well as by a decrease in RNA blesya-
thesis,

Centinuing in the line ef Reberts and co-workerszo, Breeme
and his asseclates feund that, depending upen the cenditiens
of grewth, E. cell cells pessessed ene er twe asparaginase ac-
tivitles.25 This was due te twe distinct enzymeg which differ
in a number eof preperties, mest significantly in their affimi-
ties feor L-asparagine, and they feund the enzyme with the lew-
er affinity te be ineffective, Ageutl serum, which centains
an L-asparaginase with an affinity intermedlate between these
of the twe enzymes frem E, cell, inhibited tumers less than
did the E. cell enzyme with the higher affinity. They cenclu-
ded that the affinity ef asparaginase fer 1ts substrate was
related te 1ts degree of eoffectiveness against sensitive tu-
mers.

At the same time, Berrela and his greup were studying the
anti-tumer activity ef guinea pig serum fractiens in vive and
in vitre by a variety ef metheds includimg bright field, flue-
rescence, and electren micrescepe ebservatiens, and by dye
permeabllity and cytldine-BH incerperatien in 6C3HED lymphe-
sarcemsa cells.26 In C3H mice bearing the ascites tumer treat-
ed with the L-asparaginase fractien, they feund a decrease in

the tetal number and miteses of tumer cells, a reductien in
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RNA, and a rise in the number ef macrephages and phagecytesis
of tumer cells. Anti-6C3HED iseantibedies were net detected
in their sera. The L-asparaginase fractien was alse feund te
have an in vitre cytetexic activity, this fractien acting di-
rectly en the tumer cells. Hence, they cemncluded that the in
vive hest macrsphage respense and phagecytesis ef structurally
nermal cells appeared te be a secendary, nenspecific phenemenen.

It remained until December of 1966 fer an article te ap-
pear in which the effects ef L-asparagimase en tumers im high-
er animals, ineluding man, were described., Delewy st al shew-
ed the enzyme te be effective and active against early (day ?)
threugh late (day 24) 6C3HED subcutaneeus tumers in C3H mice,
but whele guinea pig serum in the same deses was net effective
against intracerebral tumers cemprising the same 03118.2?
Whele guinea pig serum caused ne acute texic effects in mice
with small tumers, and ne texic effects were seen after ad-
ministratien ef a partially purified L-asparaginase (PPLAFI)
in C3H mice with small tumers frem 0-2 days er in menkeys
during nine days ef ebservatien. Prefuse dlarrhea was eb-
gerved in mice with massive tumers after PPLAFI treatment,
during tumer regressien,

In the same article it was reperted that PPLAFI was given
IV te an eight yesar eld bey with a three year histery ef acute
lympheblastic leukemia. He had been previeusly treated with
prednisene, 6-MP, methetrexate, Cytexan, irradiatien te the
central nerveus system and right testis, and vincristine. Af-
ter 33 menths, hewever, he became refractery te all ef these
agents, in frank relapse, with pregressive disease. Censent

was ebtained te try L-asparaginase en this bey. During the
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infusien ef 390 ml. the bey's temperature rese frem 99 te 104
degrees F., his pulze frem 150/min., te 190/min,, and the respi-
ratery rate frem 36 te 60/min, at twe heurs ef infusien. His
bleed pressure fell frem 120/80 te 90/60 at five heurs, and the
hematecrit frem 21 te 15 in feur heurs with evidence eof marked
hemelysis which necessitated the cessatien ef L-asparaginase
adminigtratien., Ten hemerrhagic bewel mevements had eccurred
during the infusien. In the next seven days, his wbc's de-
creased frem 18,000/113 te b?OO/-nB, lympheblasts frem 67% te
14%, liver size decreasing, as did the size ef the tumereus
testis. The patient dled with pulmenary hemerrhage ten days
after treatment, Leukemic infiltrates were feumd at necrepsy
te be present in the meninges, brain, liver, spleem, marrew,
and testis, The authers cencluded by saying that further werk
was needed te ascertaln the reasen fer the hemelysis, whether
treatment ef humans witheut prier infiltratien ef the central
nerveus system by tumers weuld result in significant remis-
siens, whether human lympheblasts are dependent en L-aspara-
gine, what bleed levels ef Le-asparaginase eccur in mice after
therapeutic deses, and whether these bleed levels ef L-aspara-
ginase ceuld cause remissien ef acute leukemias in hu ans,

Other investigaters centinued te be metivated. DBeyse et
al cempared the activity ef guinea pig serum in suppressing
certain leukemias ( e.g. radiatien-induced EARAD-1 ) with the

28 The latter en-

activity ef asparaginase EC-2 frem E, celi,
zyme was feund te be censiderably mere active in experiments
with EARAD-1 leukemia, previded it was used in treating estab-
lished leukemla, and net admimigtered as a single dese at the

time of ineculatien ef the disease. Permanent cures were eb-
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tained with the aid ef 2000 er mere "units" ef EC-2., The
fact that 1t was pessible te re-ineculate the disease seem-
ed te shew that immumelegic facters did net centribute te
the cure. BRe-ineculated survivers were shewn te be success-
fully retreated with EC-2 L-asparaginase.

Meanwhile, Beyse et al cempared "delayed” testing with
"cencurrent® testing fer the evaluatien ef chemetherapeutic
agents using samples eof L-asparaginase as test materials.zg
A large difference in the detectien ef the anti-tumer activ-
ity ef the agents was feund, depending upen the methed ef
testing. Guinea plg serum L-asparaginase was quite effective
in repressing tumer develepment when administered within an
heur ef tumer ineculatien, while an L-asparaginase (EC-2)
frem E. cell was net, The "delayed" test (treatment given
seven days after tumer ineculatien) hewever, shewed that
EC=2 was able te induce cemplete remissien ef an established
transplant ef each ef the three lympheid tumers tested
(EARAD1, 6C3HED, and P1798). These authers cencluded that
their results peint te the value of the "delayed" test fer
the screening ef petential chemetherapeutic agents. This

cenclusien was in direct eppesitien te the view of Jamesen

et a1¥

set ferth several years earlier, but can be explained
en the fact that Jamesen and his werkers were net dealing
with a purified substance, but with "whele" guinea pig serum.
In a direct attempt te measure the texicity ef L-aspara-
ginase te nermal and leukemic human lymphecytes, Delewy and
his greup designed a study te determine what, if any, cyteci-
30

dal effect weuld eccur, Their quantitative 1in vitre tests

shewed that purified preparatiens ef the L-asparaginase frem
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E. celi were mere texic te bleed lymphecytes frem 12 eof 15

patients with chrenic lymphecytic leukemia than te lymphe-
cytes frem 25 persens with nermal hemegrams. Incubatien fer
seven days with 10u/ml. killed, en the average, 77% of leu-
kemic and 34% ef nermal lymphecytes. The reagent preduced
apprecliable texicity te leukemic lymphecytes after twe days
of incubatien. Altheugh seme tumer cells are knewn te re-
quire L-asparagine, the authers cencluded, the requirements
of nermal and leukemic human lymphecytes fer L-asparagine
remained "net knewn®,

An interesting finding was intreduced shertly thereafter
by Prager and ce-werkers when they reperted ebserving leng-
lived immumity te the 6C3HED ascites lymphesarcema in C3H/HE
mice fellewing treatment ef the tumer-bearing animals with E.

31

cell L-asparaginase. This,ttwapy which had 1its erigin in
C3H mice, 18 nermally lethal fer this strailn., Immunity ef
C3H/HE mice was demenstrated by 1) tumer rejectien, 2) neu-
tralizatien ef tumer cells by immune serum and lympheld ex~
tract and 3) im vitre cytetexicity ef the same preparatiens.
Ne infermatien as te the precesses at werk in this nevel phe-
nemenen were avallable at the time ef publicatien, but a cem~
binatien ef facters was felt te be respensible te explain the
acquisitien ef active immunity te the 6C3HED tumer cells.

In an attempt te explain seme of ths earlier reperted
discrepancies, Breeme and Schwartz published anether investi-
gatien which indicated that resistant lymphema cells differ-
ed frem sensitive enes in thelr greater abllity te synthesize

asparagine.32 Mereever, it appeared that the resistant cells

respended te deprivatien ef exegeneus asparagine by increas-
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ing their rate eof asparagine synthesls, preducing sufficildmt
amine acid fer nermsl pretein synthesis even when substantial
ameunts were lest te the medium, In a rather unigue set-up,
Breeme and Becker were able te shew a similar result.33 They
feund that L-asparaginase in ageuti serum and 1n extracts frem
E. celi inhibited the early wave of mitesls eccurring in rat
liver appreximately 30 heurs after hepatectemy, but even with
centinued treatment ef the animal, the later wave of mitesis
at 50 heurs was net inhibited. This result d4did aiffer frem
the permanent inhibitien ef grewth which asparaginase causes
in varieus tumers. These authers felt that the reduced ameunt
of asparagine in the liver after treatment with asparaginase
must be critically lew fer precesses essential fer cell grewth,
particularly fer the synthesis eof large ameunts ef new pretein.
Hewever, after a delay, sufficlent asparagine apparently must
be available fer grewth, the mest likely seurce being an in-
creased rate eof gynthesis in the liver cells themselves.

Delewy et al have remalned interested in the cytetexie
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effects of L-asparaginase, They feund the 6C3HED lymphema,

which was susceptible te E, celi in vive, alse susceptible in

vitre, The 6C3HED-ECLAR1 lymphema, resistant te E. cell L-as-

paraginase in vive, was likewlse resistant in vitre. At twe

dayes ef incubatien, these cells respended te L-asparaginase
cencentratiens ef 1000-10,000-feld ef that needed te exert a
cytetexic effect upen the susceptible cell line. Spleen cells
were feund te be abeut as resistant as the 6C3HED-ECLARl lym-
rhema. Thymus cells were mere susceptible than spleen cells

but mere resistant than the susceptible tumer cell line,

0ld et al returned te the study ef higher mammals.35
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Three degs with advanced lymphesarcema were treated with L-
asparaginase frem E. cell. All three respended by marked
regressien of lymph nedes and dramatic imprevement in gen-
eral cenditien witheut evidence eof texicity. Twe degs re-
turned temperarily te nermal health and were ¢linically free
of disease; the ether shewed a partial remissien. One re-
mained in geed health fer 50 days after treatment was dis-
centinued, altheugh the disease began te shew signs ef re-
currence. Early relapse in the ether twe cases was attribu-
ted te insufficient desage of L-asparaginase. The authers
did shew that the eccurrence ef sensitive tumers is net pe-
culiar te laberatery redents and that sensitivity 1s net re-
stricted te the transplanted tumers that have been used 1in
past studies of L-agparaginese. They were enceuraged in the
bellef that asparaginase-sensitive tumers will be feund in
man, and that teéexicity fer man weuld present ne real preb-
lems. They suggested that the selectien ef patients fer
treatment weuld be facilitated by the develepment ef a sim-~
ple test, as that described by Sebln and Kiddle, te indicate
asparagine-dependence eof human lymphema cells er ether human
tumer cells 1in vitre.

At the same time, Hill et al were studying the effects
of L-asparaginase therapy en spentaneeus lymphesarcema in
twe degs and en three humans with acute lymphatic leukenla.3
The twe degs with advanced lymphesarcema shewed rapid and
cemplete regresslien ef lymph nede masses fellewing the L-
asparaginase therapy. One of the degs was given the enzyme
IV fer three days, after which time the therapy was discen-
tinued fer lack ef enzyme. Subsequently, the tumer returned

and the deg dled feur menths later. The secend deg was given
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a larger dese and 1t 1s still alive and deing well five
menths after begimning treatment, altheugh the authers re-
pert a recent enlargement ef cervical nedes fer which the
same treatment was being resumed,

The first ef their human patients was a seven year eld
white male whe "was in a terminal stage with rapidly resis-
tant neeplastic cells”, He was eventually given 3300IUU ef
the enzyme ever a five day perlied, in cenjunctien with a
dally desage of 30 mg. predniselene, which was decreased te
15 mg., and then 10 mg, during treatment with L-asparaginase,
Leukecytes decreased frem 5000/:53 te 900/nn3 and the 1jpn-
pheblasts frem 32% te 8%, Thereafter the patient deteriera-
ted, and expired 18 days after the last treatment. At ne-
crepsy, typical findings ef terminal acute leukemia were eb-
served, but, with the pessible exceptien ef "fatty metamer-
phesis" in the liver, "ne changes were ebserved that ceuld
be related te the L-asparaginase therapy". The secend pa-
tient was an 18 year eld white male whe was given IV a tetal
of 80,020 TU of Iwasparaginase ever a six day peried. An
immediate clinical and laberatery remissien was ebserved and
the bey "left the hespital shertly thereafter feeling well®,
Due te a depletien of enzyme supply the same treatment was
unable te be reinstituted seme three menths later when the
bey began having a laberatery relapse, and he was therefere
gilven maintenance therapy with standard agents.

Thelr last patient was a nine year eld white male whe
was chesen because ef his peer respense te standard therapy,

and rapid deterieratien ef his clinical cenditien. He was
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glven massive deses (exact ameunt net specified) ever a mere
prelenged peried ef time and enjeyed a relatively geed re-
missien until he develeped a terminal septicemia frem E, celil
and meniliasis seme feur plus menths fellewing the enset eof
the enzyme therapy.

These authers were enceuraged by the lack ef side ef-
fects ebserved in their study and felt that the disadvantages
of amine acid depletien therapy appear te be few. They cen-
cluded by intimating that altheugh this whele cencept ef
treatment 18 attractive, 1t 1s net pessible te truly evalu-
ate the therapeutic implicatiens ef this treatment until
mere extensive investigatiens have been accemplished,

The mest recent study reperted that was reviewed by the
auther was the result ef investigatiens dene by Oettgen et al.
Clinical trials with E, celi L-asparaginase EC-2 w re cen-
ducted in eleven patients fer the purpese ef determining whe-
ther respensive lymphemas and leukemias in fact de eccur in
man. Dally desages ranged frem 50-200 IU/kg IV fer 6-112
days, with tetal desages ranging frem 1050-6300 IU/kg., Fa-
verable prempt respenses eccurred in five patients with acute
lympheblastic leukemia and in ene patient with acute myele-
blastic leukemia. Bene marrew remissiens, lasting up te 15
wenkhswere ebserved in three children with acute lympheblas-
tic leukemia en maintenance therapy. Twe patients with acute
myeleblastic leukemia and twe with lymphesarcema did net re-
spend. These authers ebserved side effects of fever, nausea,
and welght less. They repert a pesitive cerrelatien between
respense in vive and predictive tests indicating asparagine-

dependence of leukemia cells im vitre, and they suggest that

37
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this ceuld previde a means fer selectien of sultable patients.
In summary, this has been an eutline of the majerity ef
these research endeavers cencerning lL-asparaginase, including
1ts discevery and subsequent clinical trials, beth en labera-
tery animals and en human leukemia patients., The results te
date have been enceuraging but net cenclusive. It appears
that further prebing inte the metabelic and nutritienal dif-
ferences between neeplastic and nermal cells, as exemplified
by the trials wilth L-asparaginase, effers a truly premising

area eof cancer research.
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