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SUM MARY

Sublinses of transsplarstable mouse leukemias made resistant to actinnoniycinn 1), viuncrist imne,

annd related anstitumor agensts show reduced levels of 10 glycosida.ses uvlsemn conspared with
parenst cell lines. Since glycosidases may be irsvolved ins the metabolism of nsembranse glvco-
proteinss, resistance to thnese drugs may be related to changes in membrane pernseabilit�.

INTROI)UCTION

Evidence presented here suggests that in
mouse leukemia cell lines reduced levels of
10 glycosidases are associated with the

development of resistance to a group of

drugs includinsg actinomycins 1), vinncrist.irne,
daunsomycins, arid certain phth alannihides. Re-
sistarice to these drugs, us-hicln generally
involves developmenst of barriers to drug-
DNA insten’actionns (1-5), could be related to
alterations ins membrane glycoproteinns. Such
alterations could result from modifications
irs the levels of enzymes involved in the bio-
syrsthesis arsd degradation of menibranse

glycoproteinss. Ins this series of experiments,
only the levels of degradative enizymes were
examinned.

Tine glycosidases are a group of lysosomal
enszvmes responsible for cleavage of covaleist
bonds betuseens adjacent sugars (or amino
sugars), sugars ansd amino acids, or sugars
arid other chsemical moieties (6). Suchi boisds
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are found irs giycoproteinss, glycolipids, gly-

cosaminsoglycanns, alsd ohigo- amid j)ohysac-
charides. Higis levels of glycosidases occur

ins normal cells undergoing rapid division
(7), annd ins the sera of patiemnts uvithn certainn
maligrnanncies (S-i 1). Trannsformations of ii-
brobhasts by onscogeunic viruses leads to
elevated ghycosidase levels (12). These gly-

cosidases are thnougint to be partially responi-

sible for tine properties of cell membramses
and surfaces, by altering menibrarne glyco-
lipids and glycoproteinns (12, 13).

Data for the P388 musrine leukemia and

two derived sublinses are reported lien’.

P3SS/VCR arid P3SS/38280 are hinses made

resistanit to vincristinne annd to a phnthnalamnil-
ide (NSC 38250, 2-chloro-4’ ,4”-di(2-imidaz-

olins-2-yl)terephthalansilide dihnydnocinloride).
Sources of these leunkemias have beems tie-
scribed (14), as Inave the methods for isola-

tions of cells from tunsor-bearinng ansimals
(15). Both of tine derived subhimses are re-
sistanst to NSC 3S2S0, vincristinse, actiino-

mycins D, and daunsomycinn,2 all of uvhsich
are drugs used clinnically ins the treatnsenst of
Isuman cancer. Cell lirses made resistnsmnt to

any of thnese agennts are gennerahly found
resistnsnst to tine othsers (3, 16, 17).

2 � Wodinsky, unjnmblished observationns.
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Tine L1210 rnuirinse leukemia and its cvto-
sine arabinoside-resistanst line L1210/CA
uvere nt.Iso studied. Boths these are lines

responnsive to NSC 38280 and vincristine
(15).

MATERIALS AND METHOI)S

Cell e.rtraction. Tine cells were harvested

as described previously (14). Tine harvested
cells uvere extracted at 4#{176}with 3 volumes of

0.1 ()� Triton X-100 by homogenization for

30 strokes ins a TensBroeck homogensizer.
Tine hionnogensate us-as used immediately for

determirnations of glycosidase, acid phosphia-

tase, and �-gluscurornidntse activity. Cell nnum-
bers us-crc determinned us-ith a Coulter counster,
resensrchn model B.

Protein. Protein uvrss determinned by the

methnod of Louvr� et at. (19). Bovinse serum

albumin � used a.s a stansdard. Samples
were precipitated with 1 � plsosphsotunngstic

acid inn 0.5 x HCI annd washed three times
uvith 10 % trichsloracetic acid arid once uvith

etinannol-diethvh ethier (2:1 by volume) be-
fore beinng dissolved ins 1 N NaOH for the

I)rOteiln analysis.
Glycosidase, 13-glue uron idase, and acid phos-

pliatase assays. The assay procedures for the
glycosida�ses, 13-glucuronsidase, ansd acid phios-

phnstase, described previously (12, 20), are
sunimarized below.

Portions (100 �l each) of tine cell ho

mogeisate, conntainsinng about 0.9 mg of pro.
tein, uvere incubated for 1 hr at 370 uviths 6
�mohes of a p-nitrophnenylgiycoside deriva-

t.ive, p-nitrophsennyl-f3-glucuronside, or p-ni-

troj)lnemsyl phnosphate, witin 50 �smo1es of
sodium citrate buffer at pH 4.3, ins a total
volume of 1.1 ml.

Tine substrates used us-crc p-nitrophenyl-
N-acetyl-fl-n-glucosrsminide, p-rsitrophiensyl-

a-n-glucopyramsoside, p-nitrophnemiyl-cn-D-ga-

I actOpvrntnso5id#{128}#{176}, p-nsitroplsennyl-/3-D-xylopy-
ramnosi(Ie, p-nnitrophnensyl-/3-D-glucOpyranso-
side, p-nsitropinensyl-N-acetyl-13-i-galactosa-
mitnide, p-nsitrophneisyl-a-n-mannsopyra.nso-
side, p-mnitropinennyl-a-L-fucopyrannoside,
p-nsitroplsennyl-f3-L-fuco�)yranoside, p-nsitro-

phnenyl-$-D-gahactopyransoside, p-isitrophen-
yl-(3- n-glucuronnide, arsd p-nitrophnemsyl 1hos-

pinate. p-Xitrophsennol usas used as a stamsdard.
Erich of the above compounds was pur-

c1na�sed from Pierce Biochsernicals, Hockford,
Ill. Tine reaction usas terminsated by additions
of 2 ml of 0.4 M glycinse-XaOH buffer at pH

10.5. Tine mixtures us-crc centrifuged at
5000 X ii for 10 mini, ansd thse optical density
of the released p-nsitropinensol presennt in the
superisatant fluid uvas measured at 420 m�.
I�’rom these data rsnd a. standard p-nsitro-

phenol concentration curve, the rates of
hydrolysis were calculated. T.Jnsits used hsere

are usansomoles of p-nsitroplnenol liberated per
hour per milligram of proteins. According to
determinsationss of activity made at 10-mm
instervals, the reactions rates uvere linnear for

at lea.st 4 hr. Two controls uvere run, in
uvhichs glass-distilled uvater uvas substituted

for either tine p-nitropisennyl substrate or the
enszyme. Thie absorbanices of tine tuso control
values us-crc added, aind the total uvas sub-
tracted from the experimental absorbance
values. Corrections us-crc therefore made for
lighnt scatterirsg by tine enzyme preparations

arid for nnonsenszymatic hydrolysis of tine
p-nitrophiensyl derivatives. Eachi experiment
uva.s performed five to eight times.

Tine enzymes studied us-crc N-acetyl-$-n-
glucosaminidase (EC 3.2.1.30), a-n-glucosi-

da.se (EC 3.2.1.20), 13-D-glucosidase (EC
3.2.1.21), a-D-galactosidase (EC 3.2.1.22),

$-n-galactosidase (EC 3.2.1.23), fl-L-fucosi-

dase (EC 3.2.1.--), $-L-fucosidase (EC
3.2.1.-), 13-D-xylosidase (EC 3.2.1.37), a-D-

mannsosidase (EC 3.2.1.24), N-acetyl-13-D-

galactosaminidase (EC 3.2.1.-), 13-ni-giucu-
ronsidase (EC 3.2.1.31), arid acid pinosphatase
(EC 3.1.32). It sinouhd be pointed out that
since tine glycosidase activity uvas deter-
mined usinng p-nnitrophnensyl derivatives, tine

data ninny nsot measure activity in rivo for
macromolecular substrates suchn ms glyco-

proteinss, glycolipids, and polysaccharides
(21).

RESULTS AN!) I)ISCUSSION

Tine observationus listed ins Table 1 insdicate

that product formatioms uvas proportional to
the quantity of added cell extract. Activity
uvas negligible uyitis heat-denatured ennzyme,

in unsinncubated reaction mixtures, or in
reaction mixtures incubated at 00.

There were no gross differences in grouvth
rates amonsg tine various transphauntable leu-
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TABLE 1

Linearity and control assays for ��,\r�acetylglucosaminidase, �-xylosidase, and a-galactosidase

in P388 and P388/VCR cells

The complete system couitained 100 pl of cell extract (0.9 mg of protein) and 6.0 pmoles of p-nnitro-

pheniyl derivative in a final volume of 1.10 ml (0.05 M in sodium citrate buffer, pH 4.3).

�3-X-Acetu-lglu-
- . cosaminidase �3-Xylosmdase a-Galactosmdase

Conditions

P388 P388/VCR P388 P388/VCR P388 P388/VCR

nzl.nnioles//tr

Complete system 990 780 18 1.8 86 36.0

-Cell extract 0 0 0 0 0 0

+20 pl of cell extract 190 157 3 0.4 17 7.2

+40 pl of cell extract 392 306 7 0.7 37 14.7

+6O,�l of cell extract 600 460 10 0.9 54 21.1
+80 pl of cell extract 789 618 15 1.5 70 29.0

+100 pl of boiled cell extracta 3 2 0 0 0 0

+100 pl of cell extract at zero

timeb 2 1 1 0 0 3

+100 pl of cell extract at 0#{176}c 12 16 2 0 4 2

a Cell extracts were boiled for 2 mm before assay

The assay was terminated immediately after additiomn amid miximng of comnstituemnts.

The incubation temperature was 00.

TABLE 2

Glycosidase activity in normal and drug-resistant murine leukemias

All assays were performed on 0.1% Triton X-100 extracts of the cells, as described in the tvxt. Re-

sults are the nneans of five to eight determinatiomns on indepemident harvests of cells ± standard devia-

tiomn.

Enzyme P388 P388/38280 P388/VCR Li 210 L1210/Ca

mpmoles/Izr/mg protein

a-Glucosidase 16 ± 1.7 4 ± 0.2 3 ± 0.1 14 ± 1.7 11 ± 1.0

�-Glucosidase 43 ± 4.2 22 ± 0.7 15 ± 1.7 50 ± 6.2 9 ± 0.7

a-Galact.osidase 96 ± 4.3 76 ± 7.2 40 ± 2.8 168 ± 11.1 58 ± 4.1

�-Galactosidase 99 ± 8.7 34 ± 3.6 32 ± 2.7 143 ± 9.7 19 ± 1.8

a-Fucosidase 6 ± 0.2 1 ± 0.1 0 7 ± 0.2 1 ± 0.1

�3-Fucosidase 5 ± 0.1 1 ± 0.1 4 ± 0.2 9 ± 0.9 0

�-N-Acetylgalac-
tosaminidase 402 ± 4.7 222 ± 2.9 188 ± 16.2 651 ± 26.3 181 ± 9.9

�-N-Acet.ylgluco-

saminidase 1099 ± 11.9 1015 ± 7.7 872 ± 10.2 5554 ± 189.9 987 ± 49.2

a-Mannosidase 64 ± 6.2 50 ± 1.9 16 ± 1.7 183 ± 23.2 15 ± 0.S

�-Xylosidase 20 ± 1.2 7 ± 0.4 2 ± 0.1 42 ± 6.1 7 ± 0.2

Acid phosphatase 1510 ± 61.2 1515 ± 72.7 1586 ± 110.2 2694 ± 111.2 2600 ± 142.0

jl-Glucuronnidase 182 ± 12.1 198 ± 7.9 178 ± 18.1 432 ± 40.0 438 ± 21.5

kemias described mere, as shouvis by tine

time required for a 10� cell insoculum to grous-
to 5 X 10� cells in CDF1 mice. Ins general,
the drug-resistant cell hinses ansd tine parent

drug-susceptible lines studied had similar
doubling times.

Table 2 shouvs tine activities of the glycosi-

dases, acid phosphatase, arid fl-glucuronidase
in the normal arid drung-resistant murinse

leukemia-s. Tine changes are similar wlsether
expressed per milligrans of proteins or ois a

per-cell basis. Ins the P35s cells, Inydrolase
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activity fell into tinree categories: eiszymes

with high activity (400 m,.�moles/inr/mg of

protein or hsiglner), i.e., 8-N-acetylgalac-

tosansinidase, acid pinospinattLse, aind 13-N-
acetylglucosaminsida.se ; einzymes ss-ithn inter-

mediate activity (betweens 40 annd 400 mj�-
moles/mr/mg of proteinn), i.e., 13-glucosida.se,
13-galactosidase, 13-galactosida.se, a-mannosi-

dase, ansd 13-glucuronsidase ; arid enszymes
yieidinng less thians 40 m,�moles/hr/mg of
proteins or iso detectable activity, i.e., a-glu-

cosidase, a- arid $-fucosida.se, ansd f3-xylosi-

dase. P385 cells mad lous but measurable
a- amnd 13-fucosida.se activity. Ins tue L1210

cell hinne the activity us-as generally hsigher
tinans ins tine P358 cell line (Table 2). L1210
enszvnses with highs activity (400 m�zmoles/
hr/mg of proteins) were 13-N-acetylglucosa-

mi nnidase , acid phosphsatase , $-N-acetylga-

lactosamiisida.se, annd 13-glucuronidase;
ennzvmes with intermediate activity (less
tinams 400 but greater thans 40 mzrnoles/

hr/mg of proteins) were a-mansnsosidase, a-ga-
lactosidase, fl-galactosidase, fl-glucosidase,
and 13-xylosidase; and enszyrnes witls buy ac-

tivity (less than 40 m�moles/hr/mg of pro-
tein) or iso activity us-crc a-glucosida.se and
a- amnd 13-fucosidase. The funding of a- arid
13-fucosida.se activity arid 13-xylosida�se ins

mammahians tissues is rare. L\Iansy mamma-

hams tissues do not possess a- or 13-fucosida.se

or 13-xylosidase but contain most other gly-
cosidases (20). HeLa S-i, 3T3, ansd 3T6
(nsormal mouse fibrobla.sts) and SV-3T3, PY-

3T3, and SV-PY-3T3 (oncogenic virus-trans-
formed fibroblasts) do nsot possess a- or

$-fucosida.se or $-xylosidase (12). Tine finsdinsg
that tIne N-acetyhhexosarnimnidases are high-
est iii activity ins these cells is connsistennt with

data on hydrolase distributions for most
mammahians tissues amid cell lines (12, 20).

Tine data indicate thiat for each glycosidase
tise activity in tine drug-resistant cell hines,
P355/38280 and P385/VCR, is lower than in

the parent drug-susceptible P388 cell linse,
from us-hich tisese cells uvere derived. Simi-
larly, glycosidase levels ins tine L1210/CA cell
line us-crc louver than those ins the L1210 cell
hinse. Acid phospinatase arid $-glucuronnidase

activities us-crc virtually connstanst ins each of
the three P388 cell hinses and the tuu-o L1210
cell hues studied, inndicating tisat tine louvered

glycosidase levels are nsot accompanied by a

decrease ins all lysosomal ennzymes. Thnus the
presence of lower glycosidase levels ins the

drug-resistant cell lines is a phenomenons

peculiar to the glycosidases.
The exact nsature of drug resistamsce ins

P3SS/VCR arid P388/35280 is unknnouvn.

Both cell lines exhibit an impaired capacity
to accumulate and retains actinomycin D in

vivo (2). Ins P385/35250, the accelerated ef-
flux of daunsomvcirs us-as related to barriers
to drug-DNA insteractions (3). Such barriers
might be membrane-niediated, depensdinsg ons

physical ansd chemical properties of tine cell

and nuclear membranse material. Whiether

the drug resistance is really due to decreased
drug uptake is ins some insstansces unclear.

Since hittle is actually knousn above tue

function of tine glycosidases in vivo it is diffi-
cult to determine whiether tine decreased ac-

tivity ins drug-resistant cells reported here is
a cause of the drug resistance, a consequence

of the drug resistance, a determining factor
in tine funsctions of drug-resistant cells, or an

unrelated phenomenon. Decreased levels of
tine glycosidases might cause changes ins

membranne structure. Sucin membrane struc-

tural changes might be involved in develop-
meint of permeability barriers to these drugs
ins tine drug-resistant sublines. Furthermore,
if the glycosidases do functions to cleave

plasma membrane glycoproteins ansd glyco-
lipids (12), alterations of glycosidase levels
could affect cell invasivensess, communnica-
tions, adhesiveness, constact inhibitions, arsd
chsarge properties.

Tine connclusions of the study is that activity
of tine glycosidase enzymes is lowered in the
drug-resistant cell lines as opposed to the

drug-sensitive cell lines. Whether a causal
relationsshnip betuveers drug resistansce ansd tine
decrease ins glycosidase levels exists or
uu-hnethner tine decrea.se is simply a result of the
gennetic selections process for drug resistansce
is nsot kmsowns.
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