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5'-Deoxy-5'-methylthioadenosine phosphorylase catalyzes

the phosphorolytic cleavage of 5'-deoxy-5'-methylthioadeno-

sine to form 5'-deoxy-5'-methylthioribose-l-phosphate and

adenine in mammalian cells and plays an important role in

methionine and purine salvage. The enzyme is abundant in

normal tissues and in cell lines derived from normal cells.

However, several malignant tissues and cell lines have been

shown to be devoid of detectable enzyme activity. Methyl-

thioadenosine phosphorylase-deficient cells have no unique

phenotype and are difficult to detect by means other than

enzyme assays. Whether the lack of enzyme activity reflects

a defective or absent protein is unknown.

In an attempt to determine the nature of methylthio-

adenosine phosphorylase deficiency, I employed hybridoma

technology to produce a series of monoclonal IgM anti-bovine

methylthioadenosine phosphorylase antibodies which were

used to detect the enzyme. Preliminary data demonstrated



that the monoclonal antibodies strongly crossreact with the

enzyme from both equine liver and human placenta, particu-

larly the latter. The strongest responders were utilized for

the immunodetection of methylthioadenosine phosphorylase in

both enzyme-containing and deficient malignant cells and

tissues. The data demonstrated that the antibodies not only

reacted strongly with most malignant enzyme-containing

samples, but also with some samples which lacked detectable

enzyme activity. Western blot analysis revealed that the

crossreactive material co-migrated with human placental

methylthioadenosine phosphorylase.

In conclusion, the monoclonal antibodies exhibited

immunological specificity for methylthioadenosine phospho-

rylase in a variety of tissues and cells. For the first

time, immunological evidence is provided suggesting that the

phenotypic nature of methylthioadenosine ph-dsphorylase defi-

ciency can arise from either a defective enzyme or the

complete absence of the protein.
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Monoclonal Antibodies to 5'-Deoxy-5' Methylthioadenosine

Phosphorylase

CHAPTER I

Introduction

Biosynthesis of Methylthioadenosine

The characterization of 5'-deoxy-5'-methylthioadenosine

as a naturally occurring sulfur-containing nucleoside de-

rived from S-adenosylmethionine has been well established

since its discovery more than a half century ago (1-3). In

mammalian cells, methylthioadenosine is synthesized via two

pathways (Fig.I.1). The major route of methylthioadenosine

production is during the biosynthesis of the polyamines

spermidine and spermine (Fig.I.1A), where the nucleoside is

the stoichiometric by-product of the enzymatic transfer of

the amino propyl group of S-adenosylmethionine (6, 7). The

minor pathway (Fig.I.1E), first described in rat and porcine

liver, is the direct enzymatic cleavage of S-adenosylmethio-

nine and contributes little to the total synthesis of

methylthioadenosine (4, 5).

Biological Effects of Methylthioadenosine

As a metabolic product of S-adenosylmethionine, methyl-

thioadenosine has been shown to have diverse effects on

cellular metabolism (2, 3). Numerous studies have demon-
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Figure 1.1. Pathways of 5'-deoxy-Y-methylthioadenosine
(MTA) biosynthesis in mammalian cells. Major
pathway (1), A: S-adenosylmethionine
(AdoMet) decarboxylase; B: Ornithine (ORN)
decarboxylase; C: Spermidine (SPD) syn-
thase; D: Spermine (SPM) synthase. Minor
pathway (2), E: AdoMet lyase. dAdoMet: de-
carboxylated AdoMet, PUT: putrescine, HSER-
lactone: homoserine-lactone.
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strated that this nucleoside inhibits several enzyme reac-

tions (8-10) and metabolic systems (11-13) vital to cell

growth. The possible mechanism(s) by which methylthioadeno-

sine exerts its effect has also been described (14, 15).

More recently, methylthioadenosine has been shown to un-

couple the transformation-induced proliferation and differ-

entiation of hematopoietic cells (16, 17).

Fate of Methylthioadenosine

Stoichiometry is demonstrated between methylthioadeno-

sine and polyamine production during spermidine and spermine

biosynthesis. Interestingly, intracellular measurements of

both polyamine and methylthioadenosine concentrations in

various mammalian tissues suggest that methylthioadenosine

does not accumulate (unlike spermidine and spermine), but

rather is rapidly degraded (6, 18, 19). In mammalian cells,

the metabolism of methylthioadenosine involves the phos-

phate-dependent enzymatic degradation to adenine and methyl-

thioribose-l-phosphate by a specific nucleoside phosphory-

lase, first described in rat ventral prostate by Pegg and

Williams-Ashman (4). This 5'-deoxy-5'-methylthioadenosine

phosphorylase (5'-deoxy-5'-methylthioadenosine : orthophos-

phate methylthioribosyltransferase; E.C. 2.4.2.1) is highly

active relative to polyamine biosynthetic enzymes and

represents the important determinant for the low concen-

trations of methylthioadenosine in tissues. It appears to
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play a relevant regulatory role by removing methylthioadeno-

sine, the nucleoside that exerts significant inhibition on a

variety of metabolic reactions. Methylthioadenosine phospho-

rylase also plays a key role in both purine and methionine

metabolism in which the products of the reaction are re-

cycled via two distinct pathways (Fig. 11.2). The phospho-

rylase is essential for facilitating the metabolic recycling

of the adenine moiety of methylthioadenosine into the

nucleotide pool (Fig. II.2a) (20, 21). In addition, the

methylthioadenosine phosphorylase reaction allows recycling

of the methylthio and carbohydrate portions of methylthio-

adenosine into methionine (Fig. II.2b). This pathway in-

volves a series of modifications of the ribose portion of

the molecule (22). The phosphorylase, therefore, permits

the recycling of the metabolic components of S-adenosyl-

methionine.

Properties of Methylthioadenosine Phosphorylase

Methylthioadenosine phosphorylase has been partially

purified and characterized from several normal and neoplas-

tic tissues (6, 23, 25) and recently purified to homogeneity

from human placenta (26). The enzyme has a molecular weight

in the range of 90-100 kilodaltons and is composed of three

identical subunits (27). It has an absolute requirement for

inorganic orthophosphate and is activated by thiols. Activi-

ty is inhibited by sulfhydryl-blocking agents, suggesting
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Figure 1.2. S-adenosylmethionine recycling pathway.
MTA metabolism involves the salvage of
both methionine (a) and purine (b). MTR-1-P:
methylthioribose-l-phosphate, KMB: alpha-
ketomethylthiobutyric acid, AMP, ADP, ATP:
adenosylmono-, -di, and -triphosphates.
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the involvement of sulfhydryl groups at the catalytic site

(28-30). The apparent Km of the phosphorylase approximates 5

uM, reflecting a maximum rate of enzyme activity at a

methylthioadenosine concentration of 30 uM (24, 31, 32).

Kinetic studies reveal the enzyme reaction to be an equili-

brium-ordered sequential mechanism involving the phosphoro-

lytic cleavage of methylthioadenosine at the glycosidic bond

of the thioether and the subsequent release of equimolar

amounts of adenine and methylthioribose-l-phosphate (23, 28,

29). In mammalian systems and Calderiella acidophila (72),

the catalytic reaction is reversible and subject to product

inhibition (competitive, with respect to methylthioadenosine

and inorganic phosphate) by adenine. Substrate specificity

studies using analogs of methylthioadenosine on the phos-

phorylase postulate four sites on the molecule recognized by

the enzyme. From these studies, selective substrates and

inhibitors of the enzyme have been identified and character-

ized (30, 32, 34, 35, 53).

In mammals, methylthioadenosine phosphorylase activity

appears to correlate with both growth rate and the cell

cycle and is highest in cells undergoing either rapid proli-

feration or responding to growth stimulation (11, 36).

Sunkara et al. (36), studying methylthioadenosine phospho-

rylase activity in synchronized serum-stimulated Chinese

Hamster Ovary and HeLa cell lines, observed a direct

correlation between growth rate and phosphorylase activity.
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High enzyme activity was seen during the exponential growth

phase, while low activity was found in the plateau phase of

growth. In both cell types, two peaks of enzyme activity

occurred during the cell cycle : a major peak in late G
1

phase coinciding with initiation of DNA synthesis, and a

second peak of activity in the G phase. Similar increases
2

were seen in levels of both intracellular polyamines and

their biosynthetic enzyme activities during these two phases

(37). These observations suggest that methylthioadenosine,

formed during the synthesis of spermidine and spermine in

the late G and G phases of the cell cycle, is readily
1 2

degraded by the coordinated increase in the activity of

methylthioadenosine phosphorylase. It also has been

suggested that the peak activity in late G might play a

1

role in the initiation of DNA synthesis by the salvage of

adenine into the nucleotide pools (36).

Occurrence of Methylthioadenosine Phosphorylase Deficiency

The presence of methylthioadenosine phosphorylase acti-

vity in mammalian tissues, including malignant tumors, has

been well documented and accounts for the appearance of

endogenous free adenine (derived from methylthioadenosine)

during polyamine biosynthesis (21). However, the absence of

enzyme activity in some malignant tissues has been realized

only recently. In 1977, Toohey (38, 39) first reported the

apparent absence of methylthioadenosine phosphorylase acti-

vity in several malignant murine cell lines. This enzyme
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deficiency has since been Observed in human malignancies of

diverse origin. Kamatani et al. (20, 40, 41) identified 7 of

31 (23%) human malignant cell lines and 2 of 20 (10%) lym-

phomatous-acute lymphoblastic leukemias (lymphomatous-ALL)

observed in patients which had undetectable methylthioadeno-

sine phosphorylase activity. Fitchen et al. (42) observed

similar results in 3 of 13 (23%) human solid tumors and 1 of

8 (12.5%) acute myelocytic leukemias.

Cytogenetic studies have led to the assignment of the

human methylthioadenosine phosphorylase gene to chromosome

9, between the terminal end of the short arm and the #12-

band position of the long arm region (9pter->9q12) (43).

Somatic cell hybridization experiments have suggested that

the enzyme deficient phenotype behaves as an autosomal re-

cessive trait (44). Studies by Chilcote et al. (44) on the

karyotype of lymphoblasts from patients with lymphomatous-

ALL revealed the presence of a deletion common to the

short arm of chromosome 9, centered around 9p21-p22, which

occurs in high frequency and has been suggested to be asso-

ciated with the loss of methylthioadenosine phosphorylase

activity. The human cell lines CCRF-CEM (45,46), RPMI 8402,

HPB-ALL, NALL-1, and Reh (20) and cells derived from two

leukemia patients (41) all demonstrate karyotypic features

of lymphomatous-ALL and, more importantly, are all methyl-

thioadenosine phosphorylase-deficient.

Phosphorylase-deficient cell types are diverse in
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origin. However, it has been suggested that the loss of

chromosomal material at 9p21-p22 may be characteristic of

lymphomatous-ALL and that the enzyme activity may be useful

as a marker for some patients with lymphomatous-ALL fea-

tures. Although deletions or translocations affecting this

chromosomal region might be associated with the enzyme defi-

cient state, it remains to be determined whether methyl-

thioadenosine phosphorylase-deficient cells either lack or

contain a defective protein.

The consequences of the phosphorylase deficiency in

intact cells are abnormal regulation of both methylthio-

adenosine and polyamines (40, 47-50). Enzyme deficient human

leukemia cell lines K562 and CCRF-CEM, maintained in cul-

ture, have been shown to excrete substantial amounts of

methylthioadenosine into the culture medium (40). Riscoe and

Ferro (51) observed a similar phenomenon for the deficient

murine cell line L1210 D cultured in vitro. Kubota et al.

(48) measured in vitro time-dependent effects of methyl-

thioadenosine on the two rate-limiting enzymes in polyamine

biosynthesis, ornithine decarboxylase and S-adenosylmethio-

nine decarboxylase, in enzyme-deficient cells. They observed

an increase in both decarboxylase activities within the

first hour, followed by a subsequent rise in putrescine and

decarboxylated S-adenosylmethionine levels. In addition, a

concomitant decrease in spermine synthesis occurred prior to

detectable changes in either spermidine or spermine pools. A
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low methylthioadenosine concentration (3 uM) uniquely ele-

vated intracellular putrescine levels which increased in a

dose-dependent fashion with no measureable effect on sperm-

idine and spermine levels. However, at methylthioadenosine

concentrations greater than or equal to 10 uM, both spermine

levels and synthesis dropped while putrescine levels in-

creased.

Methylthioadenosine phosphorylase-deficient tumors in

vivo are expected to behave similarly. However, since the

intravascular space contains phosphorylase activity, the

effects could be manifested when methylthioadenosine synthe-

sis exceeds metabolism, e.g. in the case of either a large

tumor burden or with a rapidly proliferating tumor. Under

such conditions, the nucleoside should be detectable in the

serum or urine of the patient.

These observations suggest that the accumulation of

endogenously synthesized methylthioadenosine in enzyme-

deficient cells could induce pertubations in the rate of

polyamine biosynthesis. The altered enzyme activities have

been suggested to provide a selective growth advantage to

methylthioadenosine phosphorylase-deficient cells (40). It

has been postulated that an altered polyamine-sensitive

"restriction point" exists at the late G -early S phase
1

boundary where an increase in putrescine synthesis is re-

lated to the cell's preparation for DNA synthesis and divi-

sion (36, 37).



13

In methylthioadenosine phosphorylase-deficient malig-

nant cells, the absence of enzyme activity appears not only

to provide a selective growth advantage, but also a unique

target for chemotherapy. Kamatani and coworkers (20) devised

an in vitro strategy to selectively kill phosphorylase-

deficient malignant cells by exploiting the inability of

these cells to salvage methylthioadenosine. By co-culturing

methylthioadenosine phosphorylase-containing and -deficient

cells in the presence of methylthioadenosine and methyl-

trexate, a de novo purine biosynthesis inhibitor, these in-

vestigators demonstrated that the enzyme-containing cells

could utilize methylthioadenosine as a purine source and

thereby overcome methyltrexate inhibition, while deficient

cells remained growth arrested and died within several days.

These investigators proposed a similar chemotherapeutic

regimen for patients with enzyme-deficient malignancies.

However, the major problem with such an approach is the fact

that methylthioadenosine phosphorylase activity is abundant

in the vascular space. For patients under such a regimen,

infused methylthioadenosine would be enzymatically degraded

and thus supply the enzyme-deficient tumor with an exogenous

purine source and thereby overcome methyltrexate-induced

growth-arrest. Alternatively, a regimen could be developed

which takes advantage of the recycling of methylthioribose-

1-phosphate to methionine. This approach involves treating

patients that have methylthioadenosine phosphorylase-defi-
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cient tumors with methylthioadenosine infusions while main-

taining them on methionine-free diets. Thus, enzyme-con-

taining cells can utilize methylthioadenosine as a methio-

nine source and -deficient cells would potentially starve to

death. This regimen is currently in its developmental stages

with experimental animals in our laboratory.

15
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Summary of Objectives

The objectives of this project have been to detect and

characterize immunologically methylthioadenosine phosphoryl-

ase deficiency. Through hybridoma technology, I have pro-

duced a series of murine monoclonal anti-bovine methylthio-

adenosine phosphorylase antibodies. My studies included the

examination of their use as molecular probes for detecting

the presence/absence of the enzyme protein in tissues of

diverse origin and the evaluation of their significance as

immunodiagnostic reagents.

Herein, the work is divided into two studies: 1) the

development and characterization of monoclonal antibodies to

methylthioadenosine phosphorylase and 2) the range of cross-

reactivity among human malignant tissues and cells, includ-

ing the detection of the methylthioadenosine phosphorylase

protein in enzyme-deficient malignancies.
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CHAPTER II

Characterization of Monoclonal Antibodies to Bovine

Liver 5'- Methylthioadenosine Phosphorylase

Authors: Ricardo Parker, Stephen Kaattari, and Adolph Ferro
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Summary

Monoclonal antibodies have been produced against

bovine liver 5i-deoxy-5'-methylthioadenosine phosphorylase

(MTAase). The antibodies were identified and characterized

by enzyme-linked immunosorbent assays as well as by their

effects on enzyme activity. The strongest secretors and most

prolific hybridomas were derived from one well, cloned twice

by limiting dilution, and eight clones were isolated and

characterized. All positive clones were found to secrete

antibodies of the IgM class. Antibodies, partially puri-

fied from ascitic fluids and adsorbed onto a solid-phase

support, bound MTAase in a concentration-dependent manner.

While each clone expressed antibodies of differing affini-

ties for MTAase, only one clone, Hll, had a significant

effect on catalytic activity. Epitope analysis by additivity

tests revealed three antibodies (D9, F6, and H4) which

apparently recognize distinct antigenic

MTAase molecule while antibodies All, C8,

recognize shared regions.

regions on the

and H11 appear to
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Introduction

5'-Deoxy-5'-methylthioadenosine (MTA) is enzymatically

synthesized in mammalian systems from S-adenosylmethionine

(AdoMet) (2-4). The major avenue of MTA production occurs

during synthesis of the aliphatic polyamines spermidine

and spermine, with MTA synthesized in stoichiometric amounts

(4,5).

MTA does not normally accumulate intracellularly due to

the presence of 5'-deoxy-5'-methylthioadenosine phosphoryl-

ase (MTAase). MTAase catalyzes the phosphorolytic cleavage

of MTA to form adenine and 5'-methylthioribose-l-phosphate

(MTR-1-P), which are subsequently utilized in the salvage of

purines and recycling of methionine, respectively (20, 21).

MTAase has been detected in all normal mammalian tis-

sues and in cell lines derived from normal cells. However,

a substantial number of malignant tumors and cell lines lack

detectable MTAase activity (17, 20, 38-46). We produced

highly specific monoclonal antibodies (McAbs) to hepatic

MTAase to use as probes for detecting the enzyme. This

report describes the preparation, characterization, and

preliminary applications of these monoclonal anti-MTAase

antibodies.
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Materials and Methods

Materials. Bovine liver was a generous gift from the Meat

Science Laboratory at Oregon State University. 5'-[methyl-

14 14

C]Methylthioadenosine ( CH -MTA) was synthesized from S-

14 3

adenosyl-L-[methyl- C]methionine (Amersham/Searle,Arlington

Heights, IL) according to the procedure of Schlenk et al.

(54). Conjugated antibodies, substrates, and Escherichia

coli 026:B6 Lipopolysaccharide (LPS) were obtained from

Sigma Chemical Co., St. Louis, MO. Pristane was purchased

from Aldrich Chemical Co., Inc., Milwaukee, WS, and the

ELISA sub-isotyping kit and fetal bovine serum, from

Hyclone, Logan, UT. Ventrex Technology Products, Portland,

ME, supplied the serum-free medium. All other cell culture

supplies were from Gibco, Santa Clara, CA.

Mice, Cell lines and Cultures. BALB/c female mice (Simonsens

Laboratories, Gilroy, CA) were fed and watered ad libidum.

Sp2 /O -Ag -14 mouse myeloma cells were a gift from Drs. Denis

Burger and Andrew Goldstein (Epitope, Inc., Portland, OR).

The cells were cultured in RPMI 1640 with 2 mM glutamine

and 10 % heat-inactivated fetal bovine serum.

Partial Purification and Assay of MTAase from Bovine Liver.
0

All procedures were performed at 4 C, unless stated other-

wise. Liver tissues were minced and homogenized in buffer

A (100 mM KH PO , pH 7.4, 3 mM dithiothreit.ol (DTT), 5 % di-

2 4

methylsulfoxide (DMSO), and 0.02 % NaN ), and treated with
3
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three freeze-thaw cycles. A cell-free crude extract was

obtained by centrifugation at 12,000 X g for 20 min. Further

purification of MTAase was performed according to Riscoe

(51). The pH of the extract was adjusted to pH 4.4 with 0.1

M sodium citrate, pH 3.3, and centrifuged as above. The
0

supernatant was heat-treated (60 for 1 min), centrifuged,

neutralized to pH 7.4, and concentrated to a minimum volume

using an Amicon (Pharmacia) ultrafiltration unit with an

XM50 membrane (50,000 molecular weight exclusion range).

After dialyzing the concentrate overnight against 1000

volumes of buffer A, it was eluted through a Sephadex G-200

column ( 90 X 2 cm) pre-equilibrated with the same buffer.

The 90,000 dalton fraction containing MTAase activity was

isolated and dialyzed against buffer A without DTT, pH 7.4.

After which, an organomercurial agarose (Bio Rad) column was

used to isolate a single peak of MTAase activity. The re-

sulting supernatant was concentrated, dialyzed against buf-
0

fer A, and stored at -20 C. This preparation was used for

subsequent immunizations and antibody (Ab) studies. MTAase

activity was determined by measuring the conversion of 5'-

14 14

[methyl- C]methylthioadenosine to 5'-[methyl- C]methyl-

thioribose-l-phosphate as previously described (55). One

unit of activity was defined as the amount of enzyme which

catalyzed the formation of 1 picomole of product in one

minute. Protein determinations were made by the method of

Bradford (56) with bovine serum albumin (BSA) as a standard.
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Immunization, Fusion, and Selection of Hybridomas. Eight-

week old BALB/c females were injected intraperitoneally

(i.p.) with 100 ug organomercurial agarose-purified MTAase

emulsified in an equal volume of Freunds Complete Adjuvant

(FCA). Animals were rested for 25-30 days and their sera

were screened for anti-MTAase antibody activity by Enzyme-

Linked Immunosorbent Assays (ELISA) using the method of

Voller et al. (57). An alkaline phosphatase conjugated Ab

was used as signal. Absorbance readings at 405 nm were

recorded using an EL-310 EIA automatic ELISA plate analyzer

(Bio-Tek Instruments, Inc.,Burlington, VT). Mice responding

positively as judged by ELISA were boosted i.p. with 10-50

ug MTAase in Freunds Incomplete Adjuvant (FIA). The animals

were then rested 5 days prior to a final boost containing 10

ug Ag and 50 ug LPS in phosphate-buffered saline (PBS).

Immune spleens from two mice were aseptically removed, dis-
8

aggregated, and the splenocytes (1.35 X 10 average cells)
8

were fused with 1.31 X 10 Sp2 myeloma cells in the

presence of 50 % polyethylene glycol, molecular weight 1300-

1600, by the method of Kohler and Milstein (58). Hybridiza-

tion frequency approximated 90 % where the resulting hybrid-

oma cells were selectively grown in HAT medium (59). Viable

colonies were observed 4 'days after fusion. Upon reaching 60

% confluence, each culture supernatant was assayed by ELISA

for Abs against MTAase. Strongly positive hybridomas were

expanded in HT medium (complete medium containing hypoxan-
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thine and thymidine), then in complete medium. The best

responding well containing the most robustly growing hybrid-

omas was selected for subsequent cloning by the limiting

dilution method (60) using non-immune thymocytes (5.0
5

X 10 cells per well) as feeder cells.

ELISA Screening of Cloned Hybridomas. Clones of hybridomas

were grown in microtiter wells to 60-80 % confluence,

ELISA assays performed, and the most robust Ab-secreting

clones were selected and expanded. Of the 67 (23 %) posi-

tive wells identified at the 1.0- and 0.5 cells per well

dilutions, eight clones (All, C8, D9, F6, G2, G8, H4, and

H11) were selected and recloned. These clones were grown to
6

densities of 1.0 X 10 cells/ml and 1 ml volumes of each

were either cryopreserved, injected i. p. into pristane-

primed BALB/c mice to generate ascites fluids, or subcul-

tured for further studies.

Preparation of Monoclonal Anti-MTAase. To obtain workable

quantities of Abs two different procedures were used.

Clones were cultured for 4 days in the presence of serum-

free media and each McAb was partially purified on a Pro-

tein-A column according to a previously described method
6

(61). For large scale preparations, 1-2.0 X 10 hybrid-

oma cells of each clone were injected i.p. into pristane-

primed mice and ascites fluids were collected 2-3 weeks

later and assayed for MTAase-binding ability by ELISA and
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antibody capture assays. Each ascites-derived antibody was

partially purified by precipitation after successive dial-

yses against dH 0 containing 2 % boric acid, pH 6.0 (62),

2

and then against PBS (pH 7.4). Assessment of purity of Ab

was by sodium dodecylsulphate-polyacrylamide gel electro-

phoresis (SDS-PAGE) (63).

McAb Characterization: Isotyping of McAbs. Recloned hy-

bridomas were screened by ELISA to determine their Ab iso-

type(s). A mouse heavy chain sub-isotyping kit with a

peroxidase conjugate as signal and rabbit anti-lambda and

anti-kappa chain Abs with an anti-rabbit alkaline phospha-

tase conjugate as signal were used for this procedure.

Optical densities were measured as described above.

Antigen Capture Assay. Microtiter wells were coated with

0.45 mg of partially purified ascites-derived Abs and incu-
0

bated for 24 hr at 4 C, washed and blocked with 1 % BSA

before adding 33 ug (47.7 units) of MTAase (90 kdal Sephadex

G-200 fraction). After a 2 hr incubation at RT, wells were
0

washed and assayed for MTAase (55) for 2 hr at 37 C. Assays

were performed in triplicate. To determine the effect of

McAbs on MTAase activity, 84.2 units of enzyme were preincu-
0

bated for 4 hr at 4 C in the presence or absence of

partially purified ascites-derived Abs from respective

clones and then assayed for enzyme activity with radio-

labeled substrate.
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ELISA Additivity Test. Saturation curves were determined

for MTAase with each McAb culture medium. The appropriate

dilutions of McAb were added to the MTAase-coated wells

both individually and in pairs. Additivity tests were per-

formed by the ELISA double antibody binding method de-

scribed by Friguet et al. (64) using an alkaline phosphatase

conjugate as signal. Optical densitites were measured as

described above. An additivity index (64) was calculated for

each antibody pair (Table App. 1).

Antibody Affinity Column Chromatography. In the attempt to

purify bovine liver MTAase to homogeneity, partially puri-

fied ascites-derived McAb D9 was covalently bound to Protein

A-Sepharose CL-4B (Pharmacia) by the method of Schneider et

al. (65). The resulting affinity gel was transferred to a

column (1.0 X 2.5 cm) and equilibrated with PBS (pH 7.4)

containing 1 mM EDTA and 0.02 % NaN . The column could be

0 3

stored at 4 C for several months without detectable loss of

MTAase-binding activity. A partially purified (organomercu-

rial agarose fraction) preparation of bovine liver MTAase,

dialyzed against PBS (pH 7.4) was applied onto the antibody-

bound column and washed with 10 ml of PBS. Peak MTAase

activity was eluted from the column with cold glycine-HC1

(pH 2.9) into 1M Tris-HC1 (pH 8.0), dialyzed against PBS (pH

7.4) and concentrated to a minimum volume containing 10 %

0

glycerol. The enzyme could be stored at - 20 C for several

months without loss of activity.
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Results

Immunization and Production of Hybridoma Cell Lines Secret-

ing. Anti-MTAase. For the immunization of BALB/c mice,

a 710-fold purified bovine MTAase was obtained and used

as the immunogen. Purification of the enzyme to this

level of purity was accomplished in good yield in only four

steps. Mice responding immunologically, based on ELISA, were

given final boosts with Ag plus LPS. This treatment stimu-

lated the proliferation of resting lymphocytes and increased

the splenocyte population 2-fold. Hybridoma supernatants

screened by ELISA demonstrated the presence of 23 (2.7 %)

positive wells which were subsequently expanded. One well

expressed strongly positive and rapidly growing hybrid-

omas. These cells were cloned, expanded and, of fifteen

surviving clones expressing strong anti-MTAase activity, 8

clones (All, C8, D9, F6, G2, G8, H4, and H11) were recloned

for further studies.

Properties of Monoclonal Anti-MTAase Abs. Isotype analysis

indicated all clones to be secretors of Abs of the IgM

class containing lambda light chains. Since, for IgM, both

antigen and antibody are potentially polyvalent, the values

of units reported for antigen capture assays are related to

binding avidities between the antigen and antibody mole-

cules. The ability of anti-MTAase Abs to bind MTAase when

bound to a solid-phase support (antigen capture) was demon-



26

strated for each ascites-derived Ab. MTAase was bound in a

concentration-dependent manner (Fig. 11.1). It is noteworthy

that C8, D9, and F6 exhibited the highest MTAase-binding

activities.

Hybridomas, exhaustively cultured in serum-free medium,

produced protein concentrations that ranged from 103 to 141

ug per ml medium. For the Abs, the lower limit of sensitivi-

ty for the detection of MTAase was approximately 690 ng

15 ng protein per ml (data not shown) as determined by ELISA

quantitation assays (66). The McAbs demonstrated a range of

MTAase-binding activities (Table II.1). Indirect ELISA

assays with McAbs from culture media demonstrated a differ-

ential binding pattern for MTAase. In addition, antigen

capture assays revealed varied titers of anti-MTAase activi-

ty for ascites-derived antibodies. Nonspecific ascites fluid

derived from *a nonimmunized nontumor-injected pristane-

primed mouse was used as a control.

Ascites-derived McAbs had minimal inhibitory effect on

MTAase activity. However, antibodies from clone Hll inhibit-

ed enzyme activity to the greatest extent (36 7Q). Hll anti-

bodies were found to inhibit bovine MTAase in a concentra-

tion-dependent manner (data not shown).
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Figure 11.1. Antigen capture assay with antibodies from
partially purified ascites fluids. Double dilutions of each
antibody were bound to microtiter wells and incubated with
48 units of bovine MTAase. Wells were treated as described
in the Materials and Methods section. Control ascites fluid
was derived from a nonimmune non-tumor-injected pristane-
primed mouse.
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Table II.1

Properties of monoclonal antibodies.

Conditions for each assay have been described in Materials and Methods.
Ascites-coated wells serving as controls for antigen capture assays represent
the average units of bound MTAase-containing ascites. Controls for MTAase
assays (in triplicate) represent the average units of enzyme activity after
preincubation in the absence of antibodies.

PROPERTIES OF MONOCLONAL ANTI-MTAase ANTIBODIES

Clone

Antigen Capture
(Units MTAase

Bound)

Effect on MTAase
Activity in Presence

of Abs (Units)
Indirect ELISA

(E405nm)

All 0.468 75.70 0.158

114 0.383 61.30 0.280

H11 0.294 53.80 0.224

F6 0.967 73.70 0.259

C8 0.957 68.40 0.244

D9 1.009 81.30 0.649

G2 0.240 71.00 0.224

G8 0.116 55.40 0.159

Controls 0.039 84.20 0.095
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ELISA Additivity Test. The epitope specificity of 6 McAbs

was analyzed by adding pairs of Abs from culture medium in

saturating amounts to MTAase-coated wells. Additivity is

observed when the absorbance is equal to the sum of the

absorbances obtained for each Ab alone, suggesting that

the Ab pairs are binding to independent epitopes on the

MTAase molecule. For pairs D9/F6, D9/H4, D9/C8, and F6/H4

additivity was demonstrated (Table 11.2). However, for the

pairs C8/All and H11/All, the absorbances reached are nearly

equal to that of the individual Abs. The additivity index

(Table II. 2, in parentheses) quantitates and, together

with the additivity test, compares the epitope specificities

of the different clones. The index demonstrates that the

antibodies exhibit varying degrees of additivity for the Abs

tested. Clearly D9, F6, and H4 show additivity as pairs

while clones All and Hll do not. When All or H11 is paired

with D9, there is similar, but low additivity, compared to

their pairing with C8, F6, and N4 which do not appear to

demonstrate additivity.

Antibody Affinity Column Chromatography. The MTAase obtained

by McAb D9 covalently linked to Protein A-Sepharose CL-4B

has a relative molecular weight of 90,000 daltons by gel

filtration and was shown to migrate as a single major band
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Table 11.2

a

Additivity Test and Index of Monoclonal Antibodies.

The experimental conditions are described in Materials
and Methods. The dilutions used for each McAb culture
medium corresponded to the lowest dilution at which satura-
tion of the MTAase was achieved. The experimental sum (A)
is the sum of the optical densities (E405 nm) observed for
each McAb or McAb pair. The theoretical sum (B) is the sum
of the optical densities obtained for each McAb alone. For
each pair of antibodies, the additivit.y index was calculated
and is shown in parentheses (%).

McAb Culture
Medium

D9 (A)
(B)

C8 (A)
(B)

Hll (A)
(B)

H4 (A)
(B)

F6 (A)
(B)

All (A)
(B)

D9 C8 H1l H4 F6 All

Absorbance at 405 nm

0.112 0.188
0.198
(90.0)

0.086

0.161
0.196
(64.3)

0.126
0.170
(48.2)

0.084

0.219
0.223
(96.4)

0.139
0.197
(41.1)

0.144
0.195
(47.7)

0.111

0.213
0.209
(103.8)

0.146
0.183
(59.6)

0.135
0.181
(49.2)

0.209
0.208
(101.0)

0.097

0.159
0.197
(61.4)

0.120
0.171
(40.8)

0.110
0.169
(30.2)

0.152
0.196
(55.1)

0.129
0.182
(41.8)

0.085

a

Additivity index equation in Appendix (Table App. 1).
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of 30,000 daltons in the silver stained SDS-PAGE gel (Fig.

11.2) (67). The enzyme-containing fraction demonstrated the

presence of a single 30 kdal band and an accompanying un-

known 66 kdal protein that co-migrated with BSA. At this

purification step, the antibody column purified MTAase

21,310-fold.

Crossreactivity Studies. We tested the possibility that the

McAbs bind MTAase from other mammalian sources. Indirect

ELISA and antigen capture assays were performed using cul-

ture media-derived D9, C8, and F6 and equal amounts of

partially purified MTAase-containing extracts of human pla-

centa and equine liver. Table 11.3 demonstrates that the

McAbs are reactive to MTAase in both samples. In the in-

direct ELISA, the absorbance values varied. Antigen capture

assays demonstrated low units of bound MTAase. Assays with

ascites-derived antibodies gave similar results (data not

shown). In addition, the McAbs, including H11, had no

effect on human MTAase activity. However, H11 inhibited

equine MTAase in a concentration-dependent manner (data not

shown).
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Figure 11.2. Silver stained gel of SDS-PAGE fractionated
bovine liver MTAase purified by antibody-bound
affinity column chromatography. Protein
samples (10 ug) were electrophoresed on a dis-
continuous (4.5 % stacking; 20 % analytical)
polyacrylamide mini-gel in the presence of SDS
and 2-mercaptoethanol. (STD): standard molecu-
lar weight markers BSA (66 kdal), ovalbumin
(45 kdal), aldolase (4 X 40 kdal), carbonic
anhydrase (31.5 kdal); (OrgHg); 710-fold or-
ganomercurial agarose purified bovine MTAase
before and; (Affinity): after elution from the
antibody column. Samples were run at 40 mA for
45 minutes.
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Table 11.3

MTAase Crossreactivity

Each MTAase source was pH- and heat-treated as des-
cribed (5) and used (1.56 mg/assay) with each McAb (C8, D9,
and F6) from culture medium in the assays below (in tripli-
cate) as described in Materials and Methods. Sp2 myeloma
culture medium served as the negative control. Absorbances
(E405nm) represent mean values +/- 0.015. One unit equals
the amount of enzyme which catalyzes the formation of one
picomole of product per minute.

MTAase CROSSREACTIVITY

MTAase Source Indirect ELISA Antigen Capture
(E405nm) (Units Bound)

C8 D9 F6 C8 D9 F6

Bovine Liver 0.218 0.409 0.195 0.037 0.132 0.035

Human Placenta 0.192 0.282 0.206 0.032 0.033 0.033

Equine Liver 0.118 0.158 0.130 0.037 0.037 0.033

Negative Control 0.089 0.091 0.093 0.009 0.008 0.009
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Discussion

Eight cloned hybridomas have been established as

the result of fusing Sp2 myeloma cells with MTAase-primed

splenocytes which produce specific IgM antibodies to anti-

genic components of MTAase. The specificity for MTAase by

the monoclonal IgM anti- bovine MTAase Abs was explored by

two independent measurements: indirect ELISA and antigen

capture assays. Since approximately the same amounts of

each Ab were used in the respective assays, the differ-

ences in MTAase binding probably reflect the different

binding affinities of the antibodies rather than the concen-

tration effects alone. With the exception of Hil, the McAbs

did not substantially inhibit MTAase activity when tested

alone. McAb Hll inhibited enzyme activity in a concentra-

tion-dependent manner.

The number of antigenic sites recognized on MTAase by

our McAbs appear to be at least three, as determined by

the ELISA additivity test and index. Additivity was appar-

ent for pairs D9/C8, D9/F6, D9/H4, and F6/H4, suggesting

that each McAb recognizes a distinct epitope on the

MTAase Ag. Pairs D9/H11, D9/A11, C8/H4, and All/H4

express minimum additivity which suggests that their epitop-

ic regions are either in close proximity or overlapping and

thus interfere, perhaps by steric hinderance, with maximum

binding to the Ag. As for the other pairs, additivity was

not demonstrated, suggesting that they are competing for the
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same antigenic region on the MTAase molecule. That all

antibodies tested exhibited varying degrees of additivity

may reflect the phenomenon of "enhancement" (68) where the

binding of the first McAb to a soluble Ag increases the

binding of the second McAb, perhaps by altering the confor-

mation of the antigen, and thereby making the other deter-

minants more accessible.

The detection of MTAase activity in normal mammalian

tissues and in cell lines derived from normal cells has been

well documented (17-20, 26-30, 44, 69). That the McAbs char-

acterized here are derived from a mouse and react with, not

only bovine MTAase, but MTAase from other mammalian sources,

i.e., horse and human, suggest that the enzymes share highly

conserved antigenic regions. Available information on the

above premise suggests that, as a general rule, the greater

the phylogenetic distance between an antigen and its reci-

pient, the more vigorous the immune response. But responses

against highly conserved mammalian proteins are usually weak

and are often of the the IgM class. All of our hybridomas

were secretors of IgM antibodies. We, therefore, believe

that these McAbs can serve as probes in detecting the enzyme

in various mammalian sources.

Indeed, each McAb tested has been shown to react in varying

degrees with animal and normal and neoplastic human tissues

containing MTAase (data not shown).

Since the observations by Toohey (38, 39) and Kamatani
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et.al (20, 40, 41). that several murine and human malignant

cell lines were devoid of detectable MTAase, a variety of

human leukemias and solid tumors have been shown to be

MTAase-deficient (42-48). Studies are currently underway in

our laboratory to determine whether these McAbs may serve

as probes for detecting and characterizing MTAase-deficient

malignant cells. From this type of approach, the development

of these McAbs as biological probes may greatly facilitate

our ability to detect individuals with enzyme-deficient

tumors.
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CHAPTER III

Monoclonal Antibodies to 5'-Deoxy-5'-Methylthioadenosine

Phosphorylase: Detection of the Enzyme in Human Malignancies

Authors: Ricardo Parker, Stephen Kaattari, and Adolph Ferro
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Summary

Murine anti-bovine methylthioadenosine phosphorylase

(MTAase) IgM antibodies which crossreacted with the human

placental enzyme were produced. Indirect enzyme-linked immu-

nosorbent assays (ELISAs) demonstrated that three monoclonal

antibodies (McAbs) C8, D9, and F6 reacted with a variety of

solid tumors and leukemias derived from patients. Enzyme-

linked imm.unoelectroblot (EITB) analysis of tissue and cell

extracts revealed immunoperoxidase-stained spots which coin-

cided with human placental MTAase indicating that the McAbs

react specifically with this enzyme. Several extracts were

shown to lack MTAase activity. An ovarian carcinoma and

acute myelocytic- and acute lymphoblastic leukemias were

devoid of immunoreactivity and MTAase activity. However, one

MTAase-deficient extract, a fibrous histocytoma, contained

immunoreactive material which co-migrated with the placental

and bovine MTAases. These observations suggest that McAbs

may serve as probes for the detection of the enzyme and

immunodiagnosis of MTAase-deficient malignancies.
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Introduction

5'-Deoxy-5'-methylthioadenosine (MTA), a naturally

occurring sulfur-containing nucleoside, is the stoichio-

metric by-product during the synthesis of the polyamines

spermidine and spermine (4, 5). MTA has been shown to exert

inhibitory effects on a variety of metabolic systems (8-13).

In mammalian cells, the rapid degradation of this

thioether is attributed to the presence of 5'-deoxr-5'-

methylthioadenosine phosphorylase (MTAase) activity which

degrades MTA to adenine and 5'-deoxy-5'-methylthioribose-1-

phosphate (MTR-1-P) which can be recycled into the purine

nucleotide pool and methionine, respectively (20-22). MTAase

is present in all normal cells and appears to play a criti-

cal role in both purine and polyamine metabolism.

Since the discovery by Toohey (38, 39) of malignant

murine cell lines which lack MTAase activity, this enzyme

deficiency has also been shown to occur at a frequency of

approximately 16% in human malignancies of diverse origin

(20, 40 -44). There may be a correlation between MTAase

deficiency and the malignant state of cells. The ability to

diagnose individuals with a malignancy of this type as well

as the development of chemotherapeutic strategies for the

selective killing of MTAase-deficient cells would be of

clinical importance. Strategies for the latter have been

proposed (20, 42).
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Conventional methods for the detection of MTAase rely

upon an active enzyme and an expensive radiolabeled assay.

The development of a rapid and sensitive assay by which to

detect MTAase in cells and tissues would greatly facilitate

the identification of patients with MTAase-deficient malig-

nancies. In an attempt to develop a MTAase-detection system,

monoclonal anti-bovine MTAase hybridomas were produced

which recognized at least 3 epitopic regions on the MTAase

molecule. These McAbs crossreacted strongly with both equine

liver and human placental MTAases.

In the present study we explored the use of McAbs C8,

D9, and F6 for the immunodetection of MTAase in human malig-

nant solid tumors, leukemias of various types, normal pla-

cental tissue, and in the human promyelocytic leukemia

HL-60 cell line. Solid-phase enzyme immunosorbent assays

were utilized to determine the range of antibody reactivity

with MTAase and malignant specimens. The efficacy of these

McAbs as immunodiagnostic reagents was also evaluated.
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Materials and Methods

Human Normal and Malignant Tissues. Malignant tissue and

cell specimens, provided by Dr. John Fitchen (VA Hospital,

Portland, OR), were obtained from 11 patients diagnosed with

various forms of cancer (Table III.1). A six hour-old human

placenta was obtained from Good Samaritan Hospital,

Corvallis, OR. Crude extracts were prepared as previously
0

described (42) and stored at -70 C until needed. Under these

conditions, MTAase activity remained stable for up to 2

years (unpublished observation).

Culture and Preparation of MTAase-Containing and -Deficient

Cell Lines. To define and set the limits of detection of

MTAase activity, both MTAase-containing and -deficient

established human and murine cell lines were utilized. Human

cell lines were CCRF-CEM (45, 46), an MTAase-deficient acute

lymphoblastic leukemia (ALL) obtained from the American

Type Culture Collection (ATCC), MTAase-deficient K562 (73),

an erythroleukemia derived from the pleural effusion of a

patient with chronic myelocytic leukemia (CML) in blast

crisis, maintained in our laboratory, and the MTAase-cont-

aining promyelocytic leukemia, HL-60, a generous gift

from Dr. Michael Riscoe (VA Hosp., Portland, OR). Murine

cell lines included P388 (74), a lymphoid neoplasm obtained

from ATCC. Non-T-non-B MTAase-deficient "methylthio-depen-

dent" lymphocytic leukemia, L1210 D (75),. fibroblast-like
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Table 111.1

Malignant Cell Types

Solid Tumors

Patient Tissue Type Diagnosis

CB Cervix Adenocarcinoma
BT Brain Melanoma
GA Vulva Squamous carcinoma
RC Renal Carcinoma
LT Lung Carcinoma
MC Uterine Fibrous histocytoma
KL Ovarian Carcinoma

a

Leukemias

Kan Lymphoid CLL
CS Myeloid CML
SH Lymphoid ALL
JS Myeloid AML

HL-60

Normal Tissues

Bovine liver
Human placenta

Promyelocytic leukemia cell line

a

CLL= Chronic lymphocytic leukemia; CML= Chronic myelo-
cytic leukemia; AML= Acute myelocytic leukemia; ALL=
Acute lymphocytic leukemia



45

L929 (76) and BW5147 , a T-cell leukemia with MTAase

activity, were all maintained in our laboratory. Human and

murine cell lines were grown in RPMI (Beckton Dickson,

Frederick, MD) and MEM (Gibco, Irvine, CA) media, respec-

tively, containing 2 mM glutamine, penicillin/streptomycin

(100 U/mg), fungizone (2.5 mg/ml) and 10 % bovine and horse

serum, respectively. L1210 culture medium was supplemented

with 0.1 mM cysteine methyl-disulfide. All cultures were

maintained in a humid atmosphere containing 7 % CO . Cell-
2

free extracts were prepared by digitonin disruption of
6

cells at a density of 4 X 10 cells/mL. Briefly, cells were
0

harvested by centrifugation at 500 X g for 5 min at 25 C and

washed twice in 20 mM phosphate-buffered saline (PBS), pH

7.4. Cell pellets were placed on ice and disrupted in lysis

buffer (PBS, pH 7.4/ 300 mM sucrose/ 3 mg per mL digitonin)

for 1 min and centrifuged. Supernatants were stored in the
0

same buffer at -70 C.

Establishment of Hybridomas Producing Monoclonal Antibodies

to MTAase. McAbs were prepared as described previously (in

manuscript). Briefly, McAbs used in these studies were

cloned twice by limiting dilution. Isotyping was performed

using an antibody class-capture assay kit (Hyclone, Logan,

UT). All clones possessed pentameric mu-heavy and lambda-

light chains. Tissue culture-derived McAbs from the most

reactive clones, C8, D9, and F6 were used in the studies

described below.
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Assay of MTAase Activity. MTAase activity was assessed in

all extracts by measuring the enzymatic conversion of 5'-
14 14

[methyl- C] methylthioadenosine ( CH -MTA) to 5'-[methyl
14 14 3
C]methylthioribose-l-phosphate ( CH -MTR-1-P) according

3

to Ferro et al. (55). Briefly, for each extract, 25 uL of
14 6

0.37 mM CH -MTA at 6.0 X 10 cpms/umole were incubated for
o3

1 hr at 37 C with 1.0 mg protein in standard assay mixtures

of 125 uL and stopped with 25 uL of 1.8 M trichloroacetic
14

acid. Labeled CH -MTR-1-P was chromatographed with 3 mL
+3

dH 0 via Dowex 50 H X 4 ion exchange directly into scintil-
2

lation vials and scintillation spectrometry was done after

the addition of toluene-Triton X-100 (2:1) containing 0.4%

2,5-diphenyl oxazole (PPO). To determine the effects of C8,

D9, and F6 on enzyme activity, cell-free extracts were
0

preincubated in the presence of each McAb for 4 hr at 4 C

before assaying with radiolabeled substrate. Radioactivity

was measured by a Beckman LS 3801 scintillation spectro-

meter. Enzyme activity is expressed as picomoles of sub-

strate converted to product per minute per milligram of

protein (pmole/min/mg). Protein concentration was determined

by the method of Bradford (56) with bovine serum albumin as

the standard.

Anti-MTAase Binding Studies. To determine the ability of the

McAbs to detect MTAase in the malignant specimens, noncompe-

titive indirect sandwich ELISAs were performed in duplicate

on the extracts according to Voller et al. (57) using an
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alkaline phosphatase-conjugated rabbit anti-mouse antibody.

This method was modified by the inclusion of a second

blockage of the wells with normal rabbit serum to eliminate

nonspecific antibody binding. Absorbance readings at 405

nanometers (E405 nm) were recorded on an EL-310 automatic

ELISA plate analyzer (Bio-Tek Instruments, Inc., Burlington,

VT).

Electrophoretic Blot Analysis. Polyacrylamide gel electro-

phoresis/enzyme-linked immunoelectrotransfer blot (PAGE/

EITB) analysis was performed on crude extracts of each

malignant sample utilizing nondenaturing PAGE (70) and

transblotting to nitrocellulose by the method of Towbin et

al. (71). Briefly, equivalent amounts (0.1 mg) of protein

were electrophoretically resolved on discontinuous PAGE

mini-gels (8 X 6 cm) (Bio Rad) in the absence of SDS and 2-
o

mercaptoethanol at 25 C with 18 mA. The proteins were then

transferred onto nitrocellulose sheets by electrophoresis
0

at 4 C with 30 volts direct current, for 6 hr in TMG

electrode buffer (25 mM Tris/ 192 mM glycine/ 20% methanol

(vol/vol), pH 8.3). The immunological detection of immobi-

lized MTAase was performed using pooled tissue culture-

derived McAbs C8, D9, and F6 and rabbit anti-mouse IgM (mu-

specific) horseradish peroxidase (HRPO)- conjugated antibody

(1:500 dilution) by the indirect sandwich ELISA method.

For the color detection, blots were soaked in a 120 mL

solution of 0.5 mg/mL 4-chloro-1-naphthol- 20 mL methanol-
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0.005 % H 0 -Tris-buffered saline (50 mM Tris-base/ 500 mM
2 2

NaC1), pH 7.4. To ensure accuracy of identification of

immunoperoxidase-stained spots, protein gel samples from

the same experiment were electrophoresed under identical

conditions in another gel slab and then stained with

Coomassie blue. This provided the precise orientation of

all protein spots run in PAGE/EITB analysis.
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Results

MTAase Activity. MTAase activities in extracts from malig-

nant tissues and cells were compared to that of a healthy

human placental tissue, bovine liver, and cell lines.

Samples were grouped according to tissue type, i.e. cell

lines (Table 111.2), solid tumors (normal tissues included)

(Table 111.3), and leukemias (Table 111.4). A broad range

of MTAase activity was observed among the malignant cells.

Compared to the placental enzyme (23 pmol/min/mg), high

MTAase specific activity was found in solid tumors CB (214

pmol/min/mg), BT (206 pmol/min/mg), and GA (166 pmol/min/mg)

and leukemia Kan (354 pmol/min/mg). The HL-60 cell line

exhibited a specific activity approximately 17-fold greater

than that of the placental enzyme. In some extracts of both

types, relatively low to undetectable MTAase activity was

observed, i.e. solid tumors MC and KL and leukemias JS and

SH For these extracts, specific activities were 5 pmol/

min/mg, all within the range observed for the MTAase-

deficient cell lines (Table 111.2).

MTAase Binding Studies. Indirect ELISA experiments demon-

strated that the extracts of both malignant types exhibited

a broad range of absorbance values with each McAb (Table

111.2). In comparison with placental absorbance values,

relatively high reactivity was observed for each McAb with

most solid tumors, particularly BT and RC. The leukemia Kan
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Table 111.2

MTAase-Deficient Established Cell Lines

Cell Lines

a

Percent
Cell Types Viability

MTAase Specific
Activity

Human

HL-60 Promyelocytic
leukemia

97 383

K562 CML 98 4

CCRF-CEM ALL 100 2

Murine

BW5147 T-Cell leukemia 84 262

L1210 D Non-T-non-B leukemia 76 4

P388 Macrophage-like 98 5

L929 Fibroblast-like 97 0

a

b

Cell viability was determined by trypan blue exclusion.

Counts were corrected against background.
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Table 111.3

Detection of MTAase in Human Solid Tumors

a

MTAase
Specific
Activity

b

Indirect ELISA
Solid Tumors (pmole /min /mg) (Absorbance at 405 nm)

Patient McAb C8 McAb D9 McAb F6

CB 214 0.419 0.404 0.200

BT 206 0.990 1.066 0.490

GA 166 0.229 0.330 0.162

RC 65 2.072 2.840 1.522

LT 34 0.228 0.158 0.102

MC 5 0.562 0.678 0.249

KL 3 0.114 0.087 0.063

Normal Tissue

Bovine liver 22 0.146 0.169 0.142

Human placenta 23 0.192 0.282 0.206

a

Counts were corrected against background.

b

Absorbances represent the mean values of duplicate assays
+/- 0.036.
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Table 111.4

Detection of MTAase in Human Leukemias

a

MTAase Specific
Activity Indirect ELISA

Leukemia (pmole/min/mg) (Absorbance at 405 nm)

Patients McAb C8 McAb D9 McAb F6

Kan 354 0.351 0.188 0.102

CS 14 0.149 0.158 0.074

SH 4 0.029 0.032 0.013

JS 0 0.031 0.020 0.023

HL-60 383 0.205 0.340 0.189

a

Counts were

b

corrected against background.

Absorbances represent the mean values +/- 0.036.
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HL-60 expressed absorbances similar to placental values.

Antibody reactivity with some malignant samples was weak,

i.e. solid tumor LT and leukemia CS, and not apparent, as

demonstrated by solid tumor KL and leukemias JS and SH.

The latter malignant samples were also deficient in MTAase

activity where their lowest limits of detection were 3, 0,

and 4 pmol/ min/mg, respectively.

For all tissue extracts, including placental, each McAb

was preincubated with MTAase to determine their effect on

enzyme activity. Radiolabeled MTAase assay results indicated

that MTAase activity was not affected by the McAbs (data not

shown).

Immunoblot Analysis. A comparison of the migration patterns

of the proteins in the gels and their blots revealed that

all of the proteins were transferred and readily adsorbed to

the nitocellulose without a loss in resolution (data not

shown). The identification of MTAase was based on the

migration pattern of partially purified bovine liver MTAase

and correlated with that of the human placental MTAase

(Fig.III.l). To visualize the cross-reacting component in

the malignant tissue types, immunoperoxidase-stained spots

were compared with identically prepared Coomassie blue-

stained gels (Figs.III.l and 111.3). In Figure 111.2,

immunoblots of solid tumor samples RC, BT, and GA showed

that the immunoperoxidase-stained spots were located speci-

fically over the human placental MTAase protein. In
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Figure III.1. Coomassie blue stained .gel of PAGE-fraction-
ated solid tumor proteins. Discontinuous (4.5
% stacking; 10 % analytical) mini-gels were
loaded with 100 ug of each protein extract
and electrophoresed until the bromphenol blue
dye reached the end of the gel. Methylthio-
adenosine phosphorylase (MTAase) is indicated
by the arrow. Sephadex G-200-purified bovine
liver MTAase (Bovine) was used as the enzyme
marker.
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Figure. 111.2. Immunoblot of solid tumor proteins. One
hundred micrograms of each protein extract
was prepared as described in the Materials
and Methods section. Methylthioadenosine
phosphorylase (MTAase) is indicated by
arrow.
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Figure 111.3. Coomassie blue stained gel of PAGE-fraction-
ated leukemia cell proteins. Leukemia cell
protein extracts were prepared as described
in the Materials and Methods section. Affini-
ty-purified (21,310-fold) bovine liver
methylthioadenosine phosphorylase (Bovine)
was used as the enzyme marker.
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addition, the blot of MTAase-deficient solid tumor MC

(Fig.III.2) demonstrated the presence of immunoreactive

material coinciding with the placental MTAase spot, while KL

was devoid of immunoreactive material. Blots of SH and JS

(Fig. 111.4) did not demonstrate immunoreactivity with the

McAb pool. Immunoperoxidase-stained blots of HL-60 and Kan

(Fig.III.4) revealed crossreacting material coinciding with

placental MTAase. Leukemia CS expressed low absorbance

values with each McAb and, therefore, was not blotted.
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Figure 111.4. Immunoblot of leukemia cell proteins. HRPO-

conjugated anti-IgM antibody-stained spots
correspond to the location of methylthio-
adenosine phosphorylase (MTAase).
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Discussion

We have shown previously that each McAb used in this

study reacted with an independent epitope on the MTAase

molecule and was strongly reactive with MTAase from human

placenta. In this study McAbs C8, D9, and F6 were used to

determine the range of detectability of MTAase in human

malignant tissues and cells of diverse origin. This was

ascertained by indirect ELISA and PAGE/EITB.

The extracts of malignant tissues and cells possessed a

broad range of specific activities (Tables 111.3 and 111.4).

This variability may reflect differences in tissue type or

the amounts of MTAase present relative to total protein. As

observed by Kamatani et al. (20, 40, 41) and Fitchen et al.

(42), MTAase activity in normal, immunodeficient, and malig-

nant tissues and cells varies greatly, suggesting that

enzyme activity levels do not necessarily correlate with the

physiological state(s) or type(s) of cells. However, a cor-

relation does exist between MTAase activity and the prolif-

erative states of cells (36, 37).

Three extracts, solid tumors MC and KL and leukemia SH,

were found to contain extremely low levels of enzyme activi-

ty while leukemia JS was completely devoid of MTAase activi-

ty. These observations plus data obtained from radiolabeled

MTAase assays of extracts from established MTAase-deficient

cell lines (Table 111.2) set the limitations for detecting
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MTAase activity at the specific activity less than or equal

to 5 pmole/min/mg protein.

ELISA assays demonstrated that both solid tumors and

leukemias were reactive with our McAbs. The broad range of

absorbance values observed with each antibody suggests that

there is differential binding to MTAase within and between

the two groups of malignant tissue extracts. Similar results

were observed with placental and HL-60 extracts. In general,

McAb-binding with human extracts, including the placenta,

appears to be greater than that observed with the original

bovine source. This observation might be explained by the

phenomenon of heterocliticity, i.e. when antibodies to the

original immunogen (bovine MTAase) have a greater affinity

for antigenic determinants on a variant molecule (human

MTAase).

There was no apparent correlation between MTAase acti-

vity levels and absorbance values. However, the absorbances

observed with the McAbs and extracts deficient in MTAase

activity were interesting. MC (fibrous histocytoma) indi-

cated the presence of a crossreacting substance, while KL

(ovarian carcinoma), SH (ALL), and JS (AML) reflected the

absence of crossreactivity. These finding are of particular

interest and may indicate the origin(s) of MTAase deficien-

cies. In the case where there is no enzyme activity but

high levels of antigenic binding, i.e. MC, the presence of

an endogenous inhibitor, altered binding or catalytic sites,
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or an inactive enzyme may be indicated. Likewise, prior

tissue treatment, e.g. chemotherapy or the methods of pre-

paration and storage, might diminish enzyme activity and

thus indicate an enzyme deficiency. Alternatively, the

complete absence of enzymic and antigenic activities may

indicate the loss of the enzyme. For such specimens, immuno-

detection alone would suffice for their detection. However,

for malignant specimens containing an inactive enzyme, a

second means of assessing MTAase is necessary for detection,

i.e. an enzyme activity assay.

Since each McAb has been shown to bind to independent

epitopes on the MTAase molecule, we pooled McAbs C8, D9,

and F6 to enhance the visualization of immobilized enzyme in

PAGE/EITB assays. We were able to demonstrate that the

immunoperoxidase-stained spots coincided specifically with

the MTAase protein. Identical assays were performed on the

extracts which lacked MTAase activity. The pattern of

Coomassie blue-stained proteins in all extracts were simi-

lar. Immunoblots of MC revealed the presence of a stained

spot which coincided with the location of human MTAase.

Blots of KL, SH, and JS did not stain at all. It appears,

therefore, that the ELISA results corroborate those ob-

tained with the immunoblots.

MTAase was detected poorly in blots of GA and bovine

and not at all for CB and LT (Fig. 111.2), contrary to

indirect ELISA results (Table 111.3). These results may
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indicate differences in assay conditions which might affect

the McAb-binding reaction. The differences may also reflect

the relative concentrations of MTAase to the total extract

protein bound to microtiter wells versus an initial electro-

phoresis and subsequent transfer to nitrocellulose, which

might also result in a less immunogenic MTAase in these

specimens. This problem requires further investigation.

Although we cannot rule out the possibility that our antibo-

dies were unreactive with an enzyme in those "MTAase-defi-

cient" extracts tested, i.e. KL, SH, and JS, our obser-

vation suggests that the putative MTAase is present but non-

functional in MC and absent in KL, SH, and JS.

MTAase-deficient cells have no unique phenotype and

encompass many types of cancers. The loss of MTAase activity

has been the subject of interest for several investigators.

Cytogenetic studies have indicated that the MTAase-deficient

phenotype behaves as an autosomal recessive trait (43).

Karyotypic studies of cells from patients with MTAase-defi-

cient lymphomatous-acute lymphoblastic leukemia revealed

the loss of enzyme activity to be associated with a chromo-

somal abnormality (44). For the first time we provide immu-

nological evidence suggesting that the phenotypic nature of

MTAase-deficiency can arise from either a defective enzyme

or its complete absence. It would, therefore, indicate that,

in the case of a defective enzyme, MTAase deficiency can

develop during growth of tumors in vivo. Likewise, the
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complete loss of the enzyme might also occur.

Our McAbs demonstrated immunological reactivity with

MTAase in a variety of human malignant solid tumors and

cells, including the HL-60 cell line. These antibodies were

also able to detect the presence and absence of the MTAase

protein in putative MTAase-deficient specimens. These data

support their applicability as probes in the immunodiagnosis

of MTAase-deficient malignancies.

The postulation that the high frequency occurrence of

MTAase-deficiency may be related to the neoplastic state in

humans suggests that MTAase may have a strong potential role

as a biological marker of normal cells and their neoplastic

counterparts. With the use of anti-MTAase McAbs, the immuno-

detection of MTAase-deficient tumors derived from patients

would facilitate early diagnosis whereby a regimen for

treatment could then be started.

The metabolic differences between MTAase-containing and

-deficient cells have been reported (47-49) and could be ex-

ploited chemotherapeutically, as proposed by several inves-

tigators (20, 42). One potential means of therapy involves

the administration of MTA to patients with MTAase-deficient

tumors while maintaining them on a methionine-free diet.

Under these conditions, the MTAase-deficient malignant cells

would be growth-inhibited and should eventually starve to

death. This regimen for therapy is currently under investi-

gation in our laboratory.
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Summary

In summary, I have produced and characterized a series

of hybridomas which secrete antibodies directed toward bo-

vine liver methylthioadenosine phosphorylase. I have also

conducted preliminary studies on their use as probes for the

immunodetection of MTAase from human normal and malignant

sources. My studies demonstrated that:

1. The monoclonal antibodies recognize at least 3 dis-

tinct antigenic determinants on the bovine methyl-

thioadenosine phosphorylase protein and crossreact

with both human placental and equine liver enzymes.

2. Affinity purification of bovine methylthioadenosine

phosphorylase was achieved with partially purified

ascites-derived monoclonal antibody D9 covalently

linked to a solid support.

3. Of those monoclonal antibodies tested, they not

only strongly crossreacted with human placental

methylthioadenosine phosphorylase, but also with

that of human malignant solid tumors and leukemias.

4. Monoclonal antibodies C8, D9, and F6, as molecular

probes, detected both the presence and absence of

methylthioadenosine phosphorylase in methylthio-

adenosine phoshorylase-deficient solid tumor and

leukemia cell-free extracts.

These observations provide evidence which support their
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potential application as molecular probes for the detection

of methylthioadenosine phosphorylase-deficient malignant

cells. They may have great promise in their usefulness in

clinical diagnostic tests. However, their efficacy as immu-

nodiagnostic reagents requires more extensive trials.

In conclusion, monoclonal antibodies have promising

application as tools for studying the methylthioadenosine

phosphorylase, particularly the genetic nature of the

methylthioadenosine plosphorylase-deficient state. Ideally,

by immunoprecipitating the polysomes containing the nascent

enzyme, methylthioadenosine phosphorylase mRNA can be iso-

lated and cDNA clones can be generated. Thus, one can study

the expression and regulation of the methylthioadenosine

phosphorylase gene. In addition, the amino acid sequence can

be derived from the nucleotide sequence of cDNA.
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Table App. 1

Additivity Index Equation

Additivity Index =

Al+2

Al + A2

Al + A2

2

Al + A2

2

X 100 =

2A1 + 2
1 ) X 100 where Al, A2, and Al + 2 are

Al + A2

the optical densities (E405 nm) obtained for each tissue
culture-derived McAb alone (Al and A2) or pairs (A1+2). If 2
McAbs bind to the same site where Al + 2 = MEAN of Al + A2,

the additivity index = 0 which indicates that Al + A2 have
the same specificity. If 2 McAbs bind independently, Al + 2
= SUM of Al + A2 and the additivity index = 100 %.
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A preliminary study on several malignant cell lines

which lack detectable MTAase activity was performed to

determine the nature of the enzyme deficiency. Monoclonal

antibodies C8, D9, and F6 were utilized in indirect noncom-

petitive sandwich ELISAs (Table App. 2) to ascertain the

presence or absence of the MTAase protein in the MTAase-

deficient cell lines listed in Table 111.2. In addition, a

MTAase-deficient HL-60 mutant clone, HL-60 D, `produced by

Dr. Michael Riscoe (VA Hospital, Portland, OR) via ethyl

methane

extracts

Methods

sulfonate mutagenesis was studied. The cell-free

used were those described in

section of Chapter III.

the Materials and

For all human cell lines,

including HL-60 D, indirect ELISAs demonstrated crossreacti-

vity with each antibody. Absorbances for K562 were the

lowest for each antibody. For the murine specimens, includ-

ing BW5147, reactivity was low and varied with each anti-

body. McAb D9 was the best responder, but LI210 D had the

lowest absorbance values with each antibody. These results

suggest that the MTAase-deficient human and murine cell

lines possess the enzyme. However, both K562 and L1210 D are

questionable and require further studies to assess their

lowest limits of reactivity. PAGE /EITB assays were performed

but data were inconclusive (data not shown). A definitive

assessment of antigenic specificity must be determined for

the McAbs with these cell lines before we can attribute

these observations to the presence or absence of the MTAase

protein.
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Table App.2

Detection of MTAase

a

Indirect ELISA
Cell Lines (Absorbance at 405 nm)

C8 D9 F6
Human

HL-60 0.205 0.34.0 0.189

HL-60D 0.357 0.493 0.319

K562 0.144 0.136 0.101

CCRF-CEM 0.220 0.261 0.150

Murine

B615147 0.104 0.154 0.089

L1210D 0.071 0.122 0.084

P388 0.149 0.187 0.093

L929 0.081 0.147 0.102

ELISAs were performed in duplicate. BSA-blocked wells were
blocked a second time with normal rabbit serum before the

addition of the McAbs. Absorbances represent the mean
values +/- 0.036.


