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L-Aaparag1:naae - A Review ef the Literature 

_By 

Du�ley H. Kersey 

A THESIS 

Pre■ented te the Faculty ef 

The Cellege ef Med1e1ne 1n the Un1Ter•1ty ef Nebraska 

In Partial Fulfillment er Bequ1re■enta 

Fer the Degree •f Deeter •f Med1o1ne 

Under the SuperTis1en •f Dr. Peyten Pratt 

Omaha, Nebraska 

February 1, 1968 
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One ef the meat attractive and •pt1m1at1o areas •f cur­

rent cancer research 1s that c•ncerning the metab•lic and 

nutr1t1enal d1fferenoes between ne•plaat1c and nermal cells. 

The treatment •f aal1gnant tumer■ w1th the enzyme L-aapara­

ginaae may represent the first example ef a mede •f therapy 

directed at a speo1f1o nutritienal difference between cer­

tain neeplast1e and nermal cells. Thia review 1s an attempt 

t• describe, 1n mere •r lesa chreneleg1c erder, the er1g1nal 

research dealing with the d1scevery er L-aaparaginase as a 

tumer-1nh1b1ting agent and t• trace 1ta devel•pment as a can­

cer ohe■•therapeut1c drug. 

In 1953 Kidd ebserved the regreas1•• ef tw• types ef 

tranapl&Jlted ly■ph•11as f•llewing multiple 1nJeotiens given 

1ntraper1t•neally •f n•rmal guinea pig serum int• mice carry­

ing these tumera, whereas the lymphemaa •f untreated c•ntr•l 

1 
mice grew rapidly, killing their hesta within thirty days. 

The latter was true •f the gr•wth •f similar tumers in ether 

mioe given repeated 1nJectiena •f herse serum •r rabbit serum. 

In s1■1lar experiment■ Kidd ■hewed that the cell■ •f a trans­

plamted lymph•saro•■a •f rats were te■p•rar1ly kept frem pr•-

11ferat1D.g by multiple 1ntraper1teneal 1nJect1ens •f guinea 

pig serum, while the eella •f tw• transplanted malllllary caro1-

nemas •f mice, and these •f fibr•saroema, grew u:aiapeded in 

heats that were similarly treated. These f1nd1ngs, which were 

thusfar unique, pr•vided an example •f a naturally eocurr1ng 

aubatanoe, viz., the guinea p1g serum, that breught ab•ut re­

gress1•n •f a single type ef cancer cells 1a 11v1llg animals 

witheut d•1ng •bv1eus hara. 
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Kidd went en te shew that the active serum censt1tuent 

waa pr•bably a pr•te1n, and suggested that it might be ene 

ef the cempenents •f c•mplement. It was shewn m1or•acepieall1 

that the cells •f subsequent lymphemas died rapidly and were 

reaerbed fell•w1ng 1nject1•n• •f relatively large am•unta ef 

guinea pig serum 1ntraperit•neally 1nte mice carrying the■• 

Ne ■1creac•pic changes referable te the guinea pig serum were 

seen 1n the ••rmal tissues •r ergana •f miee receiving it. 

Meuse lyaph•ma cells, suapenied artificially in a phyaieleg1c 

saline ••lutien, regularly rema1ne4 viable fellewing 1ncuba­

t1•n 1n v1tre in mixtures with guinea pig serum. Frem this 

claasic study, Kidd ceneluded that the regressi•n •f the 

grewths was breught abeut !! !.!!!. thr•ugh aeme 1nteractien 

in which the hest and the un�•wn active cenat1tuent •f tbe 

guinea pig serum beth participated. 

Within a few years several 1nveatigaters became interest­

ed in this apparently unique feature ef the guinea pig serum, 

and began varied experiments 1n an effert t• further elue1-

2-8 date the principles invelved. James•n and.his asseeiatea

studied the 1nh1b1t1•n ef a fibresarcema, that was transplant­

ed int• a rat, by repeated 1ntraper1t•neal inject1•na ef ner­

raal guinea pig serum.2 They felt that galllllla glebulin was

semehew implicated, and that this 1nh1b1t1en was enhanced by 

a single 1nJect1en ef heterelegeus gamma glebuli• given at 

the time ef 1mplantat1ea. Te them the gamma glebul1n appear­

ed t• act in ene •f several ways. By 1taelf, 1n the d•s• 

uae4, it had n• effect en tumer grewth, altheugb larger deses 

had a sti■ulating effect en the grewth. When 1t was given in 



c•njunctien with guinea pig serum, their results were equ1-

veeal-- in s•me instances it suppressed the grewth •f the 

tu■er entirely, an4 yet 1n ether instances 1t had n• added 

effect en the inh1b1t•ry act1en •f the guinea pig serum. 

They came t• the rather vague oenolua1en that the oeurse 

taken by the tumera was prebably depeadent •nan unkn•wn 

tu■•r-h•st relat1ensh1p. 

Yet ether 1nve1tigat•rs felt that the prepercl1n syste■, 

well kn•wn t• ferm a natural bacter1oidal system in e•nJunc­

tien with c•■plement and inagnes1wn 1•ns, was semehew invelved. 

Herbut and h1a gr•uP3 had felt at •ne p•1nt 1n their inveat1-

gati•n• that the tuaer-1nhib1t1•g activity •f the guinea pig 

serum might be due t• this naturally eccurring prete1n called 

pr•perd1ll. Subsequent exper1■ents, hewever, cenv1nced them 

thai the tum•r-1nh1b1t1•g pr1lle1ple was in all pr•babil1ty 

net pr•per41n, but that the pr•perd1n system in animals bear­

ing tranaplantable tum•r• was aemeh•w altered. 

Meanwhile, Jamesen and asseciates c•ntinued t• study the 

aoti•n •f the guinea pig serum and feund it t• be effective 

in inhib1t1ng the ascites f•rm •f the Murphy-Stur■ ly■phesar-
. 

4c•ma 1n Wistar rata. Their preli■i:nary studies suggested, 

tee, that the preperd1n system was peaa1bly invelved. in part. 

The C'3 fractien •f hemelytic cemplement, hewever, did net 

appear t• them t• be inv•lved 1n 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 in 1nhib1t1ng 

the tum•r after grewth had started. 

Herbut cent1nued t• investigate the pess1ble r•le •f the 
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preperd1• system 1n transplantable cancer. 5 At this time he

cencluded that 1) the eperating mechanism fer the regress1en 

•f tumer size was net threugh the preperdin systea, and 2)

that preperdin levels •f sera frem CJH mice varied inversely 

with grewth er tum.er 6CJHED, but that this fluetuat1en was 

prebably an 1nd1cater •f tum•r grewth rather thaa its deter­

■1Jtant.

While cent1•u1:ag te try t• identify and 1aelate the 

tum•r-1nhib1t1ng pr1no1ple, altheugh having given up the idea 

that the preperd1• syste■ was respeasible, Herbut and Krae■er6

became interested 1n determ1•ing first if any •f the ergans 

•f the guinea pig centained the tumer-1nh1bit1mg principle

thua aerv1•g aa a seuree •f this material in serum, and se­

c•nd, if they did, whether similar ergans •f ether animals 

■ight als• c•ntaill this same substance. Saline extracts •f

11vera fr•m several species •f animals were tested f•r tum•r-

1nh1b1t1.ng activity against Garber lyaph•aarcema 6CJHED car­

ried auboutaneeusly by CJH alee. Cemplete regresai•n •f 

grewth was ebta1ned with the extract ef guinea pig livers; 

marked• but ineemplete, retardati•n •f gr•wth was induced by 

extraota •f aheep, heg and rabbit livers; slight and 1nc••­

s1steat retar4at1•n w1th extracts er h•rse and bev1ne livers; 

ud ••ne w1th extracts frem tw• human livers. 

Intrigued by these findings, Herbut and his fellew 1•­

vestigat•r•7 test&d the ammen1um •ulfate glebulln fractien •f

ppys1eleg1e saline extraeta •f liver• frem several species •f 

animals fer their tum•r-1nh1bit1n.g activity against the Gardner 

lymphesaroema. Ce■plete regresai•n er tumer •r marked retard­

ati•n •f gr•wth was ebtained with the glebulin fractien •f 
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gui•ea pig, heg, rabbit, herse, cew, sheep, and veal livers. 

Slight retar«atien •f tumer grewth was ebtained with the 

glebul1• fractien •f lamb liver, and that frem ••ral human 

livers frem three greups •f patients - newbern. t� eighteea 

menths eld, nine t• twelve years eld, and a 26 year eld, 

reapeet1vely -and fr•• ••e patient with ohren1o lymphecytic 

leukemia. Preparati•n• •f livers fr•m patie•ts with brenehial 

asthma, pneu■enia, acute stem cell and myele1d leukemias, aad 

oarc1n•ma •f the k1dl!ley and •vary breught abeut n• retar4at1en 

ef grewth. These auth•r• oenelu4ed by saying that, 1n general, 

the tuaer-1nhib1t1ng activity •f the fraot1•n• paralleled their 

glebuli• eentent, but whether the tum•r-inh1bit1ng pr1•ciple 

was glebulin itself er semething else merely aaaec1atea with 

th1a prete1a remained te be preve4. 

It remained enly until 1961 fer the active oenat1tuent 
8-9•f the guinea pig serum t• be elucidated. Br••m• •bta1n-

ed his evidence 1n tw• ways: fir1t, by a atudy •f the indue­

t1•n •f resistance t• guinea pig serum by 6CJHED eella grewn. 

in tissue culture; and seoen4ly, by a direct cemparis•n ef 

the L-asparaginase activity in var1•us preparat1••• •f gu1•ea 

pig aerum with their tu■er-1nh1b1tery preperties. Hia experi­

ments, ingenieusly perfermed, prev1ded streng evidence that 

the 1nh1b1tery act1en •f gu1aea pig serum en 6CJHED cells was 

due t• its L-asparag1nase activity, and he ceneluded that it 

was prebable the anti-lymph•ma act1•n en ether sensitive cell 

strains was by a similar mechanism, and indicated that a dis­

tinct f•r■ •f L-asparag1ne metab•11sm waa p•ssesse4 by this 

greup ef tumers. 

Other 1nvest1gater1 at111 remained s•mewhat skeptical. 
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10 
B•yse and asseoiates felt that the fact that suppress1•• 

had been •bta1ned enly with tum•rs which had a leng h1stery 

•f tra11.splantati•n, •r with tumera oarr1e4 1n heter•geneeua

at•cka, made it �ifficult t• evaluate the relevance •f the 

f1.lldi•g te primary oancer. They felt that since the tu•r• 

that were knewn t• be sensitive were in seme degree inc••­

patible with their present h•ata, it had been difficult t• 

assess the aotivity •f the serum facter free •f any aco•m­

panying i■mUlle reaotiens attributable t• histe-1no•mpatib11-

1ty. Thus, they tested the sensitivity t• guinea pig serum 

•f eighteen new leukemias that arese fr•m their inbred meuse

c•l•n1es. All the tests were carried eut during early trus­

plant generat1•ns 1n mice fr•• their •Wll eelen1es, maintain­

ed under strict cend1t1•na •f inbreeding. They felt there 

was little neceas1ty t• censider the intervent1en •f 1aeant1-

genio disparity in the instances they reperted. or the 18 

leukemias tested, ten were feund t• be suppressed by guinea 

p1g serum. These leukemias included beth these which were 

sp••taneeusly eocurr1ng and these that had been rad1at1••-

1nduced. They oenc1uded that a number •f new leukemias were 

f•und t• be highly sensitive t• suppress1en by guinea pig 

serum, under cenditiena where is•1mmtlllity was oertaialy net 

a centr1but•ry influence. They even stated that the pess1-

bil1ty that seme tU11ers in man may be respensive te similar 

treatment sh•uld be c•na1dered. 

Up until that time, n• animal olesely related t• the 

guinea pig h�d been teated 1n regard t• the suppressive pr•p­

ertiea •f 1ts sera tewards transplantable leuke■1�s. There­

fere, Beyse aa4 b1s gr•up s•ught a different line •f 1nvesti-
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gatien.11 They •bta1ned several redents •f the same suberder

Hyatric•m•rpha 1n erder te test the activity •f their sera 

againat tranaplalltable leukea1aa. In Yiew •f Br••me's e••-
8-9 tent1en that this 1nh1b1t1•• was mediated by the L-aspar-

ag1nase oentent •f the guinea pig serua, they als• deter■1•­

ed the activity •f this enzyme in each serum sample. They 

feu.nd that serum fr•• all ■embers •f the super-family 

Cav1e1dea, with the exeept1•n ef the oapybara, shewed beth 

preteoti•n against the leukemia graft and L-asparagi:nase ac­

tivity. It was oencluded that the fact serum fr•• three dia­

t1nct genera, ether than the guinea pig• pessessed beth L-aa­

paraginase and the preperty ef 1nhibiting an experimental 

leukemia strengthened Br•••e'a co•olua1en that these twe 

oharaoterist1ca are causally related. Fr•m further exper1-

■enta with serial_dilutions •f serum, they obtained evidence

that the same quantitative relati•nship existed between leu­

kemia 1:nh1b1t1•• and L-asparag1naae activity, 1rreapectiYe 

•f the source •f the serum.

Te further aupp•nt Bro•me'a pr•p•sal, Mashburn and Wr1st•n 

deser1bed experiments •n the effectiveness •f partially puri­

fied L-asparag1nase •f guinea pig serum 1n inhib1t1ng tum•r 

gr•wth.12 These· auth•ra ahewed that there 1s a direot rela­

t1ensh1p between L-asparaginase activity and tumer-1nb1b1tery 

aot1v1ty, regardless •f the apec1f1c activity •f the L-aapara­

g1mase used fer testing. Several L-asparag1nase samples •f 

intermediate apee1f1c activity were tested fer anti-lympheu. 

act1v1ty. These preparat1ens shewed an initial 1nh1bitery 

effect •n tumer grewth which was n•t sustained threugh•ut 

their feur day 1njeet1•n peried. When these samples were 
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again assayed fer I-asparaglnase activity, it was neted that 

there had been a c•mplete less ef the enzyme's activity. The 

cenclus1en was arrived at that this ebservat1en aupp•rted the 

view that L-asparagillaae ef guinea pig serum is respensible 

fer the ant1-lyaph•ma activity. 

T• add further cenfirmatien, Bey■e and werkera
13 descri­

bed ene •f the sensitive leukemias, EABADl, induced by X-rad­

iat1en, which they had ment1ened 1n a prev1eus art1ele10, in

a (CJ?BL/6xA)F1 hybrid, and hew they used 1t iu further tests

er the relat1•nah1p between the L-aaparag1nase aet1v1ty and 

the leukea1a-1nhibltery activity ef guinea pig serum. Guinea 

pig serum was fract1•nated by preoedures based en different 

preperties •f serum preteins -1) selub111ty, 2) meleoular 

size, and J) ien exchange. These pr•oedures, applied sillgly 

er ·in series er tw• er three stepa, gave preparatiens in 

which L-asparaginaae activity was directly and quantitatively 

cerrelated with the leukem1a-1nh1b1tery activity ef the er1-

g1:nal guinea pig serum peel. 

By this time numereus b1eohem1cal 1nveatigatera had de­

tected a■pafag1aase aotiv1ty 1n several m1er•-•rgan1sms, in-
14 

eluding!•!!!,!_ and!!• ceagulans. MashburJt and Wr1sten re-

perte4. results •f experiments which indicated that the L-as­

paraginase frem !• � als• 1nh1b1ted the grewth ef the 

Gardner lyaphesarcema 1n miee as did the guinea pig serum, 

but that the cerrespead1ag enzyme fr•• B. eeagulans was 

w1theut effect. In add1t1en, they oempared the effects •f 

!• oel1 aaparaginase and guinea pig serum en tw• add1t1enal 

m•use twa•r•, and feund that the guinea pig serum-sensitive 

tum•r was als• inhibited by E. oel1 asparaginase, whereas 
- -



the tumer that did net respend t• guinea P1E serum was un­

affected by the bacterial enzyme. 

Herbut and Seld, c•nt111u1ng fr•m their earlier exper1-
6-7 ments , un.dert••k t• 1selate the ant1-tumer pr11lo1ple fr••

beth the serum and the liver •f the guinea pig, and 1n. d•1•g 

a•, te iselate asparag1nase in pure fera.15 By a variety •f

separatien teohniques, a 1400-feld purif1catien ef the guinea 

pig serum L-asparagillase and a 50-feld pur1f1cat1en •f the 

guinea pig liver asparaginase were effected. They feund that 

while asparaginase fr•m beth seurces preduced tumer 1.nhibi­

tien, twe t• three times as many units •f guinea pig liver 

a■paragin.ase were required te attain the same degree ef 1nhi­

b1t1en as with the guinea pig serum asparaglnase preparat1ens. 

Breeme had net remained idle since h1s fertuiteus dis­

cevery in 1961 • .., He ebta1ned a purified L-asparaginaae frem 

yeast and tested it en the grewth ef guinea pig serum-se•si­

t1ve lymphema 6CJHED in CJH mice, but feund that ne inhibl-
16 ti•a •f the tumer resulted. He explained this by the ex-

tremely rapia rate •f olearanoe ef the enzyme in the meuse. 

Whereas gu1aea pig serum L-asparagi:nase persisted in the 

bleed 1n censiderable ameu.nta fer three er mere days fell•w-

1ng IV 1nject1en, the yeast enzyme was almest oempletely 

cleared 1n less than ene heur. His ultracentrifuge studies 

suggested that the yeast L-asparaginase was in the ferm ef 

melecular aggregates, •f a kind likely t• be taken up with 

great av1d1ty by the reticuleendethelial system. 

Patteraen et a117 were apparently the first t• cencrete-
- -

ly prepese a mechanism •f aot1•n •f the L-asparag1nase in its 

tum•r-1nh1bit1ng activity. These authers studied the in vitre 
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grewth respenae ef the Jensen saro•ma a.nd 1ts nutr1t1•nal 

variants (JA-1 and JA-2) t• media centa1ning n•rmal guinea 

pig serum and partially pur1f1e4 asparag1nase and media de­

veld ef aaparag1ne. A cemparisen •f the aerphelegy •f oella 

grewn in the presence ef guinea pig serum and media deveid 

•f aaparag1ne shewed a remarkable s1m1lar1ty. Further, the

grewth characteristics •f cultures expeaed. te guinea p1g 

serum and partially purif1e4 aaparaginaae were essentially 

the same. These results suggested the active cempenent ef 

guinea pig serum waa asparaginase which catalyzed the de­

structien ef extracellular aaparagiae. 

Sebin and Kidd, hewever, detracted frem this fina1ng by 

ahew1n.g that certain lines ef lymphema cells require L-aapar­

agine and ethera d•n•t.18

Yel11n and Wr1at•n were quiek t• pe1nt up the fact, 

theugh, that tumera susceptible te asparag1nase indeed de 

require aaparagine 1n erder t• divide nermally in tissue cul� 

ture, and that ne ether enzyme which has a tumer-111h1biter1 

effeet had been se elesely lillked te a spec1f1o metabel1o re-

19 
qu1rement ef the tumer cell. These 1nvest1gatera ebta1ned 

a highly purified preparat1en •f L-asparag1:nase fr•m guinea 

pig serum and suggested that their evidence was highly cen­

clus1ve that the enzyme was respena1ble fer the tumer-1Jlh1b1-

t1ng principle •f guinea pig serua. They o1ted the fact that

the impertanoe •f deaenstrat1ng oerrelat1ens between the grewth 

ef tumera en the •ne hand and un.1que er highly med1fied meta­

belie pathways en the ether was w1iely reoegn1zed and served 

as an impetus fer much current cancer research. Ne ether en­

zyme except L-asparag1m.ase up te that time had shewn such a 
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str1k1llg effect in attempts t• treat cancer. They went en te 

say that there are n• knewn metabelio pathways which require 

a■paragine, and if •ne �ssumea that aeparag1naae inhibits the 

tU11er by depriving it ef aaparagille as Pattersen !E., !!, sugges­

tea17 , the central preblem ef the rele ef asparagine at111 re­

mains. It 1a net kn•wn whether asparag1naae acts indirectly 

by way ef r1b•nuelease, fer example, er limits the availabil­

ity •f aaparagine fer a nevel biesy:nthet1e pathway in the tu-

m•ra. 

Te add an•ther small preblem in the investigati•ns •f 

L-aaparag1nase, Hebert• and ce-werkers 1selated tw• L-aspar-
20 agin.aae cempenents frem !• �- The early emerging cempe-

nent en celumn ohremategraphy was oapable •f causing cemplete 

regressi•D ef the Garner 6CJHED ly■phesarcema and was stable 

en prelenged 1ncubat1en with CJH meuae serum er periteneal 

ascitic fluid. In. centraat, the ether oempenent was signifi­

cantly inaotivate4 with the meuse humeral fluids, and lacked 

tumer-1nhib1t•ry activity. While the differences in the pH 

eptimum and the stability •f the twe oempenents may aec•un.t 

1n part fer the difference 1n tumer-1nh1b1t1ng prepert1ea, 

they felt that the true reasen waa n•t yet kn•wn. In add1-

t1•n they stated it seems that the use •f an enzyme aer1ved 

frem an ergan1s■ clesely related genetically t• the recipient 

weuld lessen the p•ss1b1lity ef eliciting an immune respense 

in the heat, and als• that treatment with larger deses •f the 

enzyme ever a sh•rter per1•d ef time weuld appear t• be high­

ly desirable in tu■•r therapy. 

Varieus phases ef research en L-aaparaginaae had by th1a 

time been ge1ng en. Delewy �!.!became interested 1n finding 
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eut if L-asparaglnase waa capable ef affecting an lntraeere­

bral tu■er.21 Partially purified preparatiena er L-aapara­

g1naae frem guinea pig serum a»d E. c•li wer• tested en in-
- -

trac$rebral 6CJHED tumera. Beth guinea pig serum L-aspara­

g1nase an�!• 2!!!, asparag1nase when given 1n auff1o1ent 

deaes were feund t• be effective 1n caue1Ag prelenged re­

greaaien •f intracerebral 6CJHED lymphemaa actively grewing 

1n CJH m1oe. The auth•r• felt it was n•t kn•wn whether the 

"drug• penetrated the mea1ngea er the brain substa11ce direct­

ly. 

In. anether vein, ether auba•r• were werk1ng teward ex­

plaining a mechanism •f acti••• Seb1la. and Kidd feund that 

heated guinea pig serum 1nJected 1ntraperiteneally 1n ■ice 

1n which lymph•ma 6CJHED-OG (ef Garher's er1g1nal 11ne) 

were grewing in the periteneal cavity, quickly induced an 

alteratien in the pr•tein aetab•lis■ ef the prel1ferat1.ng 
22 

lympheaa eella, aa shewn by atud1ea with ra41eaot1Te val1ne. 

Als•, they neted that alteratiens 1n nucleic ao14 metabel1aa 

became manifest 1n the aaparagine-depe:ad.ent cells after l•ng 

expeaurea t• the guinea pig serum!!!!!.!, perhaps, they sug­

gested, as a result ef a primary inhibitlen ef pretein sp­

thes1a. 

Abeut the aa■e t1■e, Mashburn an4 Wristen presented evi­

dence that the regressien •f lymph•aareema 6CJHED 1ndueecl by 

L-aaparagina■e was preoeie4 by an increase la the alkaline

r1benuolease •f the peat-mitechendr1al cell fracti•n •f the

tumer, while the acid r1benuolease was increased later dur­

ing the regresaien.23 They felt that since BNaae is a P••­

s1ble regulate� ef prete1n synthesis, lta 1.ncreaaed activity 
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eeuld lead te cell deatructien. In. add1t1••, they stated the 

oytetex1c effect •f asparag1maae •n 6CJHED cells� vitr• re­

perted by Berrela and werkera24 was aeoeapaniei by a ruuc­

t1en in the ameunt •f tr1t1ated cyt1a1.ne taken up by the cells, 

and suggested that such a decrease oeul4 be caused by aa 1Ja­

ereaae4 rate •f RNA destruct1ea by BNase which had been acti­

vated by asparag1:aase as well aa by a decrease in RNA bieayn­

thesia. 

Cent1•u1ng in the line •f Beberts and ce-werkera20, Breeme 

and h1a asseeiates feun.d that, depea41ng upen the cendit1ena 

ef grewth, E. 2.!!!, cells pessessed ene er twe aaparaginase ac­

t1v1t1ea.25 This waa due t• tw• d1at1nct enzyme• which differ 

in a number •f prepert1es, meat a1gn1f1oantly 1a their aff1•1-

tiea fer L-asparagiae, and they feund the enzyme with the lew­

er affinity t• be 1neffeot1ve. Ageut1 serum, which centa1na 

an L-asparagillase with an affinity 1ntermed1ate between these 

•f the tw• enzymes fr•m E. oel1, inhibited tuaera leas th.all
- -

did the E. :.!.!.! enzyme with the higher affinity. They oenclu­

ded that the affinity •f aaparag1:nase f•r 1ts substrate was

relate� t• its 4egree ef effectiveness against aens1t1ve tu-

mers.

At the same time, Berrela and his greup were stu4y1ng the 

ant1-tu■er activity •f gu1•ea pig serum fract1ens in v1v• an« 
--

!!, v1tr• by a variety •f methed& inolud1-g bright fiela, flu•­

rescence, and eleotr•n m1erescepe ebservat1ens, and by 47•

permeability an4 oytid1ne-3H 1ncerperat1en in 6CJHED ly■ph•-
26 sarcema cells. h CJH mice bearing the aacitea tumer treat-

ed with the L-asparag1nase fract1en, they feund a decrease 1n 

the tetal number and m1tesea ef tum•r cells, a reduct1en in 
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RNA, and a rise in the number et macrephagea and phag•eytea1a 

•f tumer oella. An.ti-6CJHED iseant1bed1es were net detected

in their sera. The L-asparaginase fract1en was alse feUB.d t• 

have an!!, Titre cytetex1c activity, this fract1•n acting di-

reotly •n the tumer eells. Hence, they cencluded that the 1n 
-

vive best macrttphage respenae an4 phagecytes1a ef atrueturally 

nermal cell• appeared te be a secendary, nenapec1fic phenemenen. 

It remained until December ef 1966 f•r an article t• ap­

pear 1n which the effects •f L-aaparagiaase en tumera a high­

er animals, 1D.elud1ng man, were described. Delewy �!:!shew­

ed the enzyme te be effective and active against early (day I) 

threugh late (day 24) 6CJHED aubcutaneeus tumera in CJH mice, 

but whele guinea pig serum in the same deses was net effective 

againat 1ntracerebral tumera c•mpr1sing the same cells.27

Whele guinea pig serum cauaed n• acute tex1e effects 1• m1ee 

with small tuaers, and ne tex1c effects were seen after ad­

m1•1strat1•n •f a partially purified L-aaparag1n.aae (PPLAFI) 

1• CJH mice with small tum•ra fr•m 0-2 days er 1n m•nkeya 

during nine days •f •bservat1ea. Prefuae diarrhea waa •b­

served 1n mice with massive tumers after PPLAFI treatment, 

during tumer regress1••• 

In the same article it was reperte• that PPLAFI was given 

IV t• an eight year •14 bey with a three year b1stery •f acute 

lyapheblast1c leukemia. He had been prev1eusly treated w1tb 

precin1sene, 6-MP, methetrexate, Cyt•xan, 1rrad1at1en t• the 

central nervoua system and right testis, and v1nor1st1ne. Af­

ter JJ mentha, h•wever, he became refractery t• all •f these 

agents, 1n frank relapse, with pregress1ve disease. C•nsent 

was •bta1ned t• try L-asparag1.ltase •n this bey. During the 



(15) 

1•fus1•n •f J90 ml. the bey•s temperature rese fr•■ 99 t• 104 

degrees F., h1■ pulse fr•■ 150/■1•. t• 190/m1••• a•d the reap1-

ratery rate frem J6 t• 60/■1n. at tw• h•ur• •f infuai•n. His 

bl••• pressure fell fr•• 120/80 t• 90/60 at five heur■, a•4 the 

he■ateorit fr•■ 21 t• 15 in feur heurs with evidence •f aarked 

he■elys1s whiob necess1tatea the oeasat1•n •f I-asparag1aaae 

ad■in1atrat16a. Ten he■errhag1o bewel mevements had eecurred 

during the infus1en. In the next seven days, h1s wbo'• de­

creased tr•• 18,ooo/-J t• 4700/-3 , lympheblaats fr•■ 67% t• 

14%, liver size aecrea■1ng, as did the size •f the tu■ereus 

teat1a. The patient 4ie4 _with pul■enary he■errhage ten 4ays 

after treatment. Leuke■ie 1nf1ltratea were f•Ull4 at neerepsy 

te be present in the meninges, brain, liver, aplee•, marrew, 

ana testis. The authera cencluded by aay1ng that further werk 

was needed te aaoertain the reaaen fer the he■elyaia, whether 

treatment ef human■ wltheut prier 1nf1ltrat1•n •f the central 

nerv•us system by tua•rs weula result ln aign1f1oant re■1•­

s1•na, whether hu■an ly■pheblasta are 4epenaent en L-aapara­

gine, what bleed levels •f I-asparag1nase •ecur in ■ice after 

therapeutic deses, and whether these bleed levela er L-aapara­

g1nase oeuld oause remies1en •f acute leuke■1a• in hu ana. 

Other 1nvest1gatera cent1aue4 te be aetivated. Beyae et 

!.! cempare4 the activity ef guinea pig aeru■ in suppressing 

certain leuke■1aa ( e.g. rad1at1en-1nduced EARAD-1) with the 
28 activity •f asparagillase EC-2 fr•■ !• 2.!!!• The latter en-

zyme was feuna t• be cens14erably mere active in experiments 

with EARAD-1 leukemia, prev1ae4 1t was used 1n treating estab­

lished leukemia, and net adm1Jl1atered as a single dese at the 

time ef 1neeulat1en •f the disease. Permanent cures were •b-
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ta1nM with the aid ef 2000 er mere "lm1ts• ef EC-2. The 

fact that 1t was pessible te re-1neculate the d1aeaae seem­

ed t• shew that 111D1\Uleleg10 fact•rs did net centribute t• 

the cure. Re-ineculated aurv1vera were ah•wn te be sucoesa­

fully retreated with EC-2 L-aaparag1na••• 

MeaJLwh1le, Beyae et!! oempared "4elaye4• testing with 

"eenourrent• testing fer the eYaluat1en •f che■•therapeut1c 

agents using aa■plea •f L-aaparaginase as teat materlala.29

A large difference in the 4etect1en •f the ant1-tumer aot1v-

1ty ef the agents was feund, depen41ng upen the ■ethed •f 

testi.ag. Guinea pig aerum L-asparag1nase was quite effective 

in repreaaing tumer •evelep■ent when a4m1•1aterd w1th1n an

heur er tu■er 1neculat1en, while an L-aeparag1nase (EC-2) 

fr•• E. cell was net. The •aelaye4" test (treatment given 

seven daya after tuaer 1neculat1en) hewever, ahewed that

EC-2 was able te induce oeaplete rem1ss1•n •f an established 

tranaplant ef each •f the three lyaph•1• tu■era tested 

(EARADl, 6CJHED, and Pl798). These authera cenoluded that 

their results pe1nt t• the value •f the •4elayed" test fer 

the screening er petot1al ohe■etherapeut1c agents. Thia 

oenclus1en was in 41rect eppesit1en te the view ef James•n 

et !!,4 set f•rth several years earlier, but can be expla1•ed 

•n the fact that Jameaen and his werkera were net dealing

with a purified substance, but with "whele• gu1•ea pig serum.

In a direct attempt t• measure the tex1o1ty •f L-aapara­

g1n.aae t• nermal and leuke■1c human lyapheeytea, Delewy and 

his greup desi!Iled. a stuay t• deter■ine what, 1f any, oyteoi­

dal effect weuld •ecur.30 Their quantitative!!, v1tre tests

shewed that purified preparati••• •f the L-aaparaginaae fr•• 
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E. £!.!.! were mere tex1c t• bleed ly■phecytes frem 12 •f 15

patients with chrenio lymph•cytic leukemia than t• lyaph•­

cytes fr•• 25 peraena with nermal hemegra■s. Incubatien fer

seven Aays with lOu/■l. killed.
1 

•n the average, 77% ef leu­

ke■1o and 34% •f nermal lymphecytea. The reagent pred.ueed.

appreciable texio1ty t• leukemic lymph•cytea after tw• daya

ef ineubat1en. Altheugh seme tumer cella are kn•wn t• re­

quire L-aaparagine, the authers oencluded, the requirements

•f nermal and leukemic human ly■pheeytea fer L-asparagin.e

reu.1ned •:a.et knewn.11
• 

An interesting finding was 1ntreduced shertly thereafter 

by Prager and ee-werkeri when they reperted ebaerving leng­

lived immUllity t• the 6CJHED aac1tes lympbesarcema 1n CJH/HE 

■ice fellewlng treatment •f the tumer-bear1ng animals with!•

cell I-aaparag1nase.Jl This, tu■a•;· which had its er1g1n 1n.
-

CjH mice, 1a nermally lethal fer th1a strain. I-u:aity •f

CJH/HE ■ice waa demenstrated by 1) tumer rejeot1en, 2) neu­

tral1zat1en •f tu■er cells by immune serum and lymphe1d ex­

traet and J) .!! v1tr• cytetex1o1ty •f the aame preparat1ens.

Ne 1.nfermat1en aa t• the precesses at werk in th1s nevel phe­

nemen•n were available at the time •f publ1cat1en, but a c•■-

b1nat1en ef faoters was felt t• be respens1ble t• explain the

acquisit1•n •f active 1mmUD.1ty t• the 6CJHED tumer cells.

In. an attempt t• explain seme ef the earlier reperted 

41aerepano1es, Br•••e ani Schwartz publlshea anether 1nvest1-

gat1•n. which 1nd1cated that resistant lymphema cells differ­

ed fr•m sens1t1ve enes 1n their greater ability t• synthesize 

asparaglne. 32 Mereever, 1t appeared that the resistant oella 

respende4 t• depr1vat1en •f exegeneus aaparagine by 1ncrea1-
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1n.g their rate ef asparagine synthesis, pre4uc1ng suff1c1ot 

amine ae14 fer nermal pr•tein synthesis even when substantial 

ameunts were lest t• the medium. In a rather unique set-up, 

Br•••• and Beeker were able te shew a similar result.33 They

feund that L-asparag1nase 1n ageut1 •erum and in extract• fr•• 

!• .2!!! inhibited the early wave ef ■1t•a1a eceurr1ng 1n rat 

liver apprex1mately JO heurs after hepatectemy 1 but even with 

cent1Jlued treatment •f the animal, the later wave ef m1tes1s 

at 50 heurs was net 1nh1b1ted. This result did •ttfer fr•• 

the peraa.J'lent inh1bit1•n •f gr•wth which asparag1na&e causes 

1• varieua tum•re. These authers felt that the reduced ameunt 

•f asparag1ne 1n the liver after treatment with asparagiltaae

must be or1tioally lew f•r precesses essential fer cell grewth, 

part1oularly f•r the synthesis •f large a■eunts ef new prete1n. 

Hewever, after a delay, sufficient aaparagine apparently must 

be available fer grewth, the m•st likely seurce being an 1•­

oreased rate •f eynthesis 1n the liver cells themselves. 

Delewy .!! al have remained interested in the cyt•t•xie 

effects ef L-asparag1nase.34 They fewad the 6CJHED lymph••
,.

which was susceptible t• E. oel1 1n vive, als• susceptible 1.J1 
------- -

v1tre. The 6CJHED-ECLAB1 lympheaa, resistant te !• £!!! L-as-

parag1nase �!!!.!., was likewise resistant.!!, v1tr•. At twe 

days •f inoubat1en, these cella respended te L-asparaginase 

cencentrat1ens •f 1000-10,000-feld •f that needed te exert a 

oytetex1o effect up•n the susceptible cell line. Spleen cells 

were feund t• be abeut as resistant as the 6CJHED-ECLAR1 lya­

pheaa. Thyaus cells were mere susceptible than spleen cells 

but mere resistant than the susceptible tumer cell line. 

Old.!!!! returned te the study •f higher mammals.35
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Three degs with advanced lympbesarcema were treated with L­

asparaginase frem !• .2.!.!!• All three respenied by marked 

regressien ef lymph nede1 and dramatic 1mprevement in gen­

eral cenditien w1theut evidence ef tex1oity. Twe d•gs re­

turned temperar1ly te n•rmal health and were clinically free 

ef aisease; the ether shewe4 a partial remiss1en. One re­

mained in ge•d health fer 50 days after treatment was d1s­

eentinued, altheugh the disease began te shew signs ef re­

currence. Early relapse 1n the ether twe cases was attribu­

ted te insufficient desage ef L-.asparaginase. The authers 

did ahew that the ecourrenee •f sensitive tumers 1s net pe­

culiar te laberatery redents and that sensitivity 1s net re­

stricted te the transplanted tumers that have been used in 

past studies ef I-aaparag1nase. They were enc•uraged in the 

belief that asparag1nase-sens1tive tumers will be feund 1n 

man, and that t•x1eity fer l1aD. weuld preaent ne real preb­

lems. They suggested that the selecti•n •f patients fer 

treatment w•uld be facilitated by the devel•pment ef a s1■-
18 ple test, as that described by Sebin and Kidd , te indicate

asparagine-aependence ef human lymphema cells er ether human 

tumer cells ill vitre. 
----

At the same time, Hill�!! were studying the effects 

•f L-asparagillase therapy en spentaneeua lymphesareema in

twe dega and •n three humans with acute lymphatic leuke■1a.36

The twe degs with advanced lymphesarcema shewed rapid and

cemplete regressi•n •f lymph nede masses fellewi:ng the L­

asparag1nase therapy. One ef the dega was given the enzyme

IV fer three days, after which time the therapy was d1scen­

tlnued fer lack ef enzyme. Subsequently, the tumer returned

and the d•g died feur menths later. The seoend deg was given
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a larger dese and 1t 1s still alive and de1ng well f1ve 

mentha after beginning treatment, altheugh the authera re­

pert a recent enlargement •f eervioal nedes fer wh1ch the 

same treatment was being resumed. 

The first •f their huaan pat1enta was a seven year •ld 

white male whe "was in a terminal stage with rapidly resis­

tant ne•plastlo cell•"• He was evtntually given JJOOillU •f 

the enzyme ever a five day per1e4, 1n e•nJunot1•n with a 

daily desage •f JO mg. predllia•l•ne, which was decreased t• 

15 mg. and then 10 mg. 4uring treatment with L-a■paragiaaae. 

Leukecytea decreased fr•■ 5000/-3 te 900/■mJ and the it•­

pheblasta fr•m 32% t• 8%. Thereafter the patient deter1•ra­

ted, and expired 18 days after the last treatment. At ne­

crepsy, typical findings •f ter■1nal acute leukemia were •b­

served, but, with the pess1ble excepti•n er "fatty meta■•r­

pheais" in the liver, "ne ohangea were ebserved that ceuld 

be related te the L-asparag1nase therapy". The seoend pa­

tient was an 18 year eld white male whe was given IV a tetal 

•f 80,020 IU •f I-asparag1naae ever a six day per1ed. An

immediate clinical and laberatery rem1ss1•n was ebserved and 

the bey ttleft the hespital ■hertly thereafter feeling we11n .

Due te a deplet1•• ef enzyme supply the same treatment was 

unable te be re1natitutei seme three m•nths later when the 

bey began ha!i•g a laberatery relapse, and he was therefere 

given maintenance therapy w1th standard agents. 

Their last patient was a nine year eld white male whe 

was chesen because •f his peer respense te standard therapy, 

and rap14 deterieratien ef his ol1n1cal cend1tien. He was 
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given massive �•se& (exact ameunt net spec1f1ed) ever a mere 

prelenged peried ef t1me and enJeyed a relatively geed re­

m1as1•n until he develeped a tera1nal aept1cem1a fr•m !• oe11 

and ••nil1as1s seme feur plu■ mentha fellewing the enset ef 

the enzyme therapy. 

These authera wrere enoeuraged by the lack ef side ef­

fects ebserve4 1n their study and felt that the a1aa4van.tages 

ef am1n• acid deplet1en therapy appear te be few. They oen­

cluded by 1nt1mat1ng that altheugh this whele oenoept ef 

treatment 1s attrac�1ve, 1t 1s net pess1ble te truly evalu­

ate the therapeutic 1mplicat1ens ef this treatment until 

mere extensive invest1gat1ens have been aecempl1shed. 

The mest recent study reperted that was rev1ewe4 by the 
37auther was the result •f 1nvest1gat1ena aene by Oettgen _!! al. 

Clinical trials with!• .2!.!.!_ L-asparag1Jlaae EC-2 w re c•n­

ducte4 in elevea patients fer the purpese ef 4eterm1n1ag whe­

ther respens1ve lymphemas and leukemias in fact de ecour in 

man. Daily deaages ranged frem 50-200 IU/kg IV fer 6-112 

days, with t•tal d•aages rangillg fr•m 1050-6)00 IU/kg. Fa­

verable prempt respenaes eoourred 1n five patients with acute 

lympheblastic leukemia and 1n ene patient with aoute ayele­

blaatic leukemia. Bene marrew rea1ss1ena, lasting up te 15 

••akaswere •bservea in three oh114ren with acute lyaphebla•"

tie leukemia en mainte:aa11ce therapy. Tw• pat1enta with acute 

myelebla■tio leukemia ana twe with ly■pheaaroeu a1d net re­

spend. These authera ebservecl aide effecta ef fever, nausea, 

a».d weight less. They repert a pes1tive cerrelatien between 

respense in!.!!.!. and prea1et1ve test• indicating asparagine­

dependence ef leukemia cell•!!, vitre, and they suggest that 
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this ceul4 previde a means fer select1en er au1table patients. 

h summary, this has been an eutlille •f the maJerity ef 

these research endeavers c•noem1ng L-aaparag1•aae, 1nclud1ag 

its d1soevery and aubaequent ol1n1cal triala, beth •n labera­

tery animals and •n hullall leukea1a patients. The reaulta t• 

date have been enceurag1llg but net oenolus1ve. It appears 

that further preb1ng int• the metabelic and nutr1tieul i1f­

ferencea between neeplaat1c and neraal cells, as exempl1f1e4 

by the trials with L-asparag1nase, effers a truly prea1s1ng 

area •f cancer research. 
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