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Preface

The study of tumour resistance to anticancer drugs has been the subject of many
publications since the initial discovery of the phenomenon by J. H. Burchenal and
colleagues in 1950. Many papers have been published since then reporting
development of resistance to most of the well-known anticancer agents in many
different animal tumour systems, both in vivo and in vitro. Many different
mechanisms of resistance have been described, and it is clear that the tumour cell
has a wide diversity of options in overcoming the cell-killing activity of these
agents.

Definition of the magnitude of the phenomenon in the clinic is, however, much
more problematical, and it is with this in mind that the initial chapter, seeks to out-
line the problem as the clinicians see it. It appears that the phenomenon of true
resistance to a drug, as the biochemist would recognise it, is an important cause of
the failure which clinicians experience in treating the disease. The extent of the
contribution of this phenomenon to the failure of treatment cannot easily be
evaluated at the present time, but it is hoped that the development and application
of new and more sophisticated techniques for the analysis of cellular sub-
populations may help to give a more exact estimate and to shed some light on the
causes of failure of many of the present therapeutic techniques.

The purpose of this book is to bring together in a single volume the results
of many years’ work by key people in this field. The different studies of the
mechanisms of resistance are considered; in a separate section, the ways in which
tumours adapt to different drug groups, taken primarily from the experimental
field, but also — where recognised — from the clinical field, are described. The
armoury of experimental techniques is rapidly expanding; along with improved
methods of measuring drug transport and DNA repair, monoclonal and
polyclonal antibodies are being employed in different ways. One of the main aims
has been to identify specific changes which take place in the biochemistry of the
tumour cell, especially at the cell surface, when it exhibits resistance to an
anticancer drug. We are already learning about the changing levels of specific
proteins, e.g. enzymes and cell-surface glycoproteins; with the newer concepts in
immunology and the application of powerful techniques such as flow cytometry,
a better understanding of the depth and extent of the problem of resistance is
being achieved. The greatest emphasis in this book has been placed on the
individual mechanisms determined to be those by which tumours have become
resistant to specific drugs, and on the experimental observations and arguments
that have led to the present understanding of these mechanisms.



X Preface

A detailed study of the origin of resistance is basic to further progress in the
treatment of cancer. It could not only modify the course of treatment, but may
also, as our knowledge of “intrinsic resistance’ increases, modify the type of
initial treatment used, based as it is on a rapid analysis of the spectrum of
sensitivity of the tumour. Although, to some extent, clonogenic assays,
xenografts and renal capsule implant systems are being used for the initial
analysis, the need for speed is paramount in making the early decision required for
effective therapy. It is clear that some indicator of drug sensitivity at the time of
the pathological investigation would be ideal, and in order to arrive at this level of
diagnostic efficiency, flow cytometry will be a necessary intermediate stage in the
study of properties of tumour subpopulations. Identifying a spectrum of sensitive
and resistant cells in a tumour will provide a more rational basis for the choice of a
drug or drug combination. More detailed pharmacokinetic data in humans are
also needed if we are to take advantage of the sensitivity pattern obtained by
subpopulation studies at the pathological level.

A knowledge of the genetics of the tumour, as well as that of the host, is
important to understanding the sensitivity spectrum of a new tumour, and a
knowledge of these factors could ultimately provide a basis for optimising the
therapeutic index of the drug. The flow cytometry analytical technique will, again,
be a useful tool for the effective manipulation of these factors.

During the preparation of this book it has become clear that the word
“resistance” requires further description. It seems to us that “resistance” is a
word that can justifiably be related only to the property of a single cell. It could
be defined as the ability of a single tumour cell to survive a local concentration
of a damaging drug that would otherwise have been expected to kill it. This could
be an innate property of the cell (intrinsic resistance) or could have been acquired
by a rapid adaptive response (adaptive resistance). If a cell were to survive a low
concentration of a damaging agent and divide, probably in the face of the loss
of many similar cells within the population of which it is a part, it could form the
basis of a new population of resistant cells through a series of divisions. These may
be further selected for reduced sensitivity (selected resistance) or actively become
adapted by expressing alternative biochemical pathways, enhanced protective
group synthesis, etc. (acquired resistance). In all such cases the type of resistance
would merely describe the property of a single cell within the system being
studied.

The tumour mass, which includes the population of tumour cells within its
matrix, exhibits an overall sensitivity — usually measured according to changes in
volume, number or weight — part of which may be a reflection of the tumour cell
population it contains. The overall response of the tumour-cell population
depends on the average sensitivity of the cells within it. The acquisition of
resistance by a whole tumour could thus be the result of a shift in the proportion
of intrinsically sensitive and resistant cells, influencing the overall average
sensitivity of the population. The term “‘resistant tumour” is so widely used,
however, that to speak of the “population resistance” of a tumour or tumour-cell
population in this context would seem to be more accurate. It must be recognised
that this is an average property of the tissue, and may not involve anything other
than a change in the proportion of existing cells.



Preface XI

This collection of chapters, we believe, achieves the interim aim of bringing
together the many parameters that are presently considered to constitute the
nature of resistance in tumour populations; we hope that they will provide a basis
for further discussions to substantially improve the efficacy of drug treatment of
cancer in humans.

We would like to thank the many authors who adhered very closely to the
timetable for submission of their chapters; we regret the omission of two of the
originally planned chapters from the latter half of the book at such a late date that
alternatives could not be found. However, much of the material that was to be
presented in these is well covered in other contributions.

In particular we thank the Chief Editor, Professor A.D. Welch, for his
continued vigilance, Mr. Ric Swindell for the indexing and Ms. Gillian A.
Simpson for the typing of the necessary correspondence. Finally, the courtesy and
efficiency of Mrs. Doris Walker of Springer-Verlag is much appreciated.

Manchester BriaN W. Fox
MARGARET Fox



Contents

Section I: Concepts of Drug Resistance

CHAPTER 1
Clinical Setting. J. M. WHITEHOUSE

Introduction ouf - . o s b ud s .
Resistance — A Chmcal Phenomenon” "
DiseascASsessment Lo L,
DrugiSelccomeee, - Latainin Tam
Measurement of Response . . . . . . :
Can Resistance be Quantified Clinically? .
Factors Influencing Changes in Tumour Volume . . . . . . . . .
I. Heterogeneous Target Populations of Tumour Cells .
II. Changes in Histology . . . . .
ITI. Second Malignancy .
IV. Miscellaneous Factors Contrlbutmg to Tumour Volume !
H. Influence of Clinically Determined Drug Resistance on Management .
I.::Resistance and Toxicity . . . . . . . .
II. Resistance and Survival . . . . . .
Referencess " < -1

AmmBOwm>

CHAPTER 2
Experimental Setting. J. F. HENDERSON

A. Introduction . .
B. Origins of Resistance :
I. Changes in the Tumor . .
1. Nongenetic Origins . .
2. Genetic Origins SHIFTBL [N
IL.; Ghanges:in theAIGSGRM: S S amivigaeiils | L]
III. Changes in Pharmacological Parameters
IV. Experimental Systems . .
C. Mechanisms of Resistance . . . .
I. Differences in Drug Concentratlon
1. Drug Uptake P
2. Nucleotide Formation .
3. Drug Catabolism .

Z3
23
23
24
25
26
27
2
2l
28
28
28
29



X1V Contents

I1. Differences in Drug-Target Interaction . .. . (. . . aisis
1. Drug-Enzyme Binding. . . . . .
2 S Drng-CellInteracton &+ i . .
3. Metabolite Concentrations . A .
III. Differences in Importance of Blochemlcal Target
1. Recovery from Drug Effects . ;
2. Alternative Pathways . . . : . . . .
3. Concentration of Target . . .
IV. Experimental Systems . . :

D. Chemotherapy of Resistant Tumors - e
L CrOSERESIStANCE?, .« | oiic e dallan Tl . it Ham s
I Eollateral -Sensitivity ' T o e e e s
III. Circumvention of Resistance .

Section I1I: Modification of Host-Tumor Interaction

CHAPTER 3
Drug Disposition and Pharmacology. J. G. McVIE

Introduction . . . .
Drug Absorption . .
Distribution

Metabolism

Renal Excretion y
IDOSE e Rl -0 LN
Schedule Dependence REBP R e,
DS INCEACTIONS v .. ids w0 ol o 5 dh %, bt bt b RIS
Conclusion . k.
References P IR L

~EQmmUOwp>

CHAPTER 4
Immunological Changes. H. Fus. With 3 Figures

A Introduetiony'. o s, .
B. Tumor-Associated Antigens D el 0, 1 .
C. Altered Transplantability of Drug-Resmtant Tumor Sublmes
I. Tumor Transplantation in Unimmunized Animals . . . . .
II. Tumor Transplantation in Preimmunized Animals . . . . .
III. Adoptive Transfer of Transplantation Immunity. . . . . . :
D. Immunological Changes in Drug-Resistant Tumor Sublines Deﬁned
bY!ABHDBOAIES . & itw ioit o et e . ke SRR e e e
I. Changes in Tumor Antigenicity Deﬁned by Antlsera 2
II. Changes in Tumor Antigenicity Defined by Monoclonal Antlbody
E. Cellular Immune Responses Against Drug-Resistant Tumor Sublines .
I. Antibody-Forming Cell Responses .
II. Cell-Mediated Cytotoxic Responses

30
30
30
31
31
31
31
32
32
34
34
35
35

39
41
47
50
33
54
56
59
61
61

67
67
69
69
7l
73

13
73
76
78
78
78



Contents XV

F. Other Immunobiological Characteristics and Possible Mechanisms of

ImmunologicabiChangesi = d151 « ru ey syl g nistan s Sty
G CORCIISIONS et il & 5 e T e oo e b e e o F PO )
RETSTENEes Ll s, it 5o CREEE R L 1 b e I e S R X S
CHAPTER 5

The Molecular Basis of Genetically Acquired Resistance to Purine Analogues in
Cultured Mammalian Cells. J. BRENNAND and C.T. CASKEY

An IntroduCiioniiesy e L i 5L et C L R R s s 89
B. The HPRT Enzyme . . . . . . e e b S RS S O
C. Biochemical Basis of Drug Resnstdnce el ¢ 90
D. Drug Resistance as a Consequence of Mutation Wrthrn the HPRT Gene 91
I. Phenotypic Variation Resulting from Non-mutational Events . . 91

II. Evidence that Drug Resistance Results from Mutation Within the
HPRIGene! . . . o iy e o Sl R O]
III. Molecular Analys1s of the HPRT Gene SIS et A . 94
EPerspectives. -0l L LN L st iy e AR IR e e U
IR CICTETICES: & it O plere fat it L L 88 e e e B

Section III: Cellular Aspects

CHAPTER 6
Cell Cycle Perturbation Effects. B. DREwINKO and B. BARLOGIE. With 14 Figures
AT Intradietion: & 1 .. Rl S e R e R )]
I. General . . . . R P S e St
II. Proliferating and Qu1escent Cells i e animalire o RSN ]
ITI. Age-Dependent Response . . . . . . . . .o con o ooty 102
IV. Cell Synchronization . . . . . L Pl SR e 102
V.. CelliCycle Perturbation:.. . .. 7000 00000 D SR LTS SUSER )
VIEGIntVateosSystems,: -0t w0 o i e e el s A (04
VII. Cell Death . . . . I T e
VIIIL. Cell Cycle Traverse Rate-Dependent Lethahty Jeo il ek SRl
B. Materials and Methods . . . . . . el 0G| e e PRS0
€. Results' . ... . S -
L. Prohferatmg Versus Nonprohferatmg Cells ey ST R [ O
II. Age-Dependent Survival Response . . . . . . . . . . . . . 109
IIL. - Cell*Cyele Pertusbationizy . .ilgh. = & e 2N gt e 1]
1.. Asynchronous:Cell'Bopulations .. s s s A s ndt 111
2.Synchronized Cellsi. .. .., . malgt £ S e g
IV. Protection of Cell Kill by Inhibition of Cell Cycle Traverse A 198
D5 IDISCUssion: o 7 & i wn ol e Vo e s A e e PSR 20

References............................136



XVI Contents

CHAPTER 7

Tumour Resistance and the Phenomenon of Inflammatory-Cell Infiltration
M. Moore. With 2 Figures

A. Introduction. . . . . . . o T T e e L [
I. Heterogeneity of Tumour Cells R~ 5 <4143
II. Intratumour Lymphoreticular Cells: Blologlcal Impllcatlons .. 144
III. Methodological Approaches . . . WY St s nrE laS
B. Characterization of Intratumour Host- Cells Y| v Ty yens, o' 4 . 147
I TotaliHost-Cell' Component | .. . . . e e s o e 147
II. Criteria for the Identification of Leucocyte Populatlons and
Subpapulationses s~ 5 2 il oA L A GRS . . 148
C. Intratumour Leucocytes of Experlmental and Human Neoplasms
I e e e S I R e A el o e R R et | 5]
I. Preliminary Con31derat1ons - LothRRh et 0 o o | el 151
II. Nature of Cells Infiltrating Expenmental Neoplasms
Biological Correlates . . o .. TEw L 5]
ITII. Nature of Cells Infiltrating Human Neoplasms
Cimcopathologicali@orrelates™ s & i 0N 50 (00 5 SRRt 156
IV. Factors Which Determine Leucocyte Inﬁltrauon of Tumours™ .. 161
D. Effector Functions of Intratumour Leucocytes:
Experimental Neoplasms . . . . . s s R L SRR N A 162
IASvstefniciE fiectomMechanisms” .. 00 5L ol o PR NES SEN] 62
II. Macrophage Function . . . . . 2 b ST e ot e AR N 166
L ST=GeliBunction,. . . . . . . . RRFl) Ml R g S e e L T
IV. Natural Killer Function . . . PR (-
V. Antibody-Dependent Cellular Cytotox1c1ty ol e = iy EARERRL . 170
E. Effector Functions of Intratumour Leucocytes: Human Neoplasms . 171
I. Macrophage Function . . . . . R AR S s T
IPSEG el Buhclionss o . 0 50 S S8 e R e 7]
III. Natural Killer Function . . . . . . Sk ie oh b aceir S R R B
Eilmitations iof In VitroibunctionaliData . e e o e L s 175
G. Implications for Therapy ..... I R T A [ T
RelerenceSil sy, e d 08 001 L L Gdp e o o R e i Mt 7]
CHAPTER 8

Flow Cytometric Methods for Studying Enzyme Activity in Populations of
Individual Cells. J. V. WaTsoN. With 12 Figures

Aldntroduction. . ... BN i PR G ™ A0 LRI 1L ()5 2, P 187
B. Principles of Flow Cytometry ...... BRIt T R
C. Enzyme Measurements Using Light Absorptlon E1 G e Il 11110 S G B [
D. Enzyme Measurements Using Fluorogenic Substrates . . . . . i on 1

I. Assays with Single Substrates . il e 191

II. Assays Using Two Substrates Slmultaneously S UL S 1900
i Conchosionsts, “. il S A e b e A AR D ()]
T R RO S (SRS SISCRDL R LIS (L 202



Contents XVII

CHAPTER 9
Chromosome Studies. D. ScorT. With 17 Figures
A UINIFOANCHOTIR.ER. 1 Lo hesie o e aptal @low ' 2l iatis s SRR R S 205
B. Chromosome Constltutlon and-Resistance - . . 1Ls sl e e S R 205
I.. Derivation of:Drug=Resistant Cells . . . - . . Ll oheiy g 205
II. Resistance to Various Classes of Antitumour Drugs . . . . . . 213
1 4PuninglAnaloguiess. o o . ekl S 213
2. ByornidineAnalogues’ i o - .0 L S S s AR TR 216
S VABIHOIATEST N LI T e G Ll o el et e STl b
4 VATRSIGHRS APents Uieln L L U e T i R TR 228
SUPIRtnumIGOMPoundsy o &« il e s er e St RS S Ch 229
6 ANLDIGHOSE .S o il e o 5 e s T R 230
7. Vinea AR OtdS T e T T T i ek o S 232
C. Resistance to Induced Chromosome Damage . . . . . . . . ... 233
B SUTRIIATY & G a0 o o halagah b i ~4h %7 sl . oo oh e e et SRR 234
I OTCEORCES « it o S5 e e o oot S o btk st veewn o R SR R 433235
CHAPTER 10
Alterations of Drug Transport. G.J. GOLDENBERG and A. BEGLEITER
LT T R e a b Wl - g 241
By MechanisnitefiDiug TranSport. . o, . o = = oan o i Sl S 241
I. Characteristics of Passive Diffusion and Mediated Transport . . 241
II. Kinetics of Membrane Transport . R P A T 242
1. Drug Uptake by ’Multiple*Mechanisms . ... g o S Ui 244
IV Evaluationief DrugBilax. . . . o el SECESINIEES 245

C. Antitumor Drug Resistance Due to Defects in Membrane Transport 245

I AlkylaGnevNoentS = e 0 . o S s, s Tl R 245
1. Nitrogen Mustard . . . . . . . . . . Sl 8 RS 245
2eiMielphalan... = e v e Ll S R TR 250
SnCyclophosphamiude ™, v . L 1 e o e e s SR 2359
4VNGITQseRteasC Bionl 0 D0 St e e 256
St@hlerabucil' - 2° L0 o 6 L G T s IR e S 257
GHBUSHHENT .. v .00 il e e alia e e 258
7.  Ptocambazing o aniiimlal L Ll iy L st i e 258
8. Hexamethylmelamine and Pentamethylmelamine . . . . . . 258

TS AntmetEholifer T AT | 11 T i S R 4239
IeMetliotrexatel oot . oAl b ns B L R 259
2. 6-Mercaptopurine and 6-Thioguanine . . . . . . . . . . . 263
3 BIGTORTACHIE, & (0 o o 5w b el e e o SR R R 265
4. Arabinosylcytosine and Arabinosyladenine . . . . . . . . . 266

IET. ANTDIOUCS S, - iar aim et o o 50 %o 2 Tasnst SERTRRNG, Serie i nie 267
L ACHROMYCIN B i) -1 5 v v iy wnas o1 o2 5] SISO RN 5267
2. Daunorabicin and Doxetubicin .. | . . . moiientlis st omgil o 270
3.:Bleomyein .. .. .- - gufiese (L seeil 50 Acdeis P aHRainne <il s 276

4. Mitomycin C . . . . .



XVIII Contents

INEAlkaloNds vae =L B 0 e
1. Vinca Alka101ds
2. Colchicine .
V. Hormones .
e Glucocortlcmds ..... ity <
2 SESTTOPenS ™ Sl A e~ L R S
3. Androgens and Progestms . :
B Futute Eonsiderations " .7 . L0 0L L
References:.. .- .

CHAPTER 11
Cell Hybridisation. J. M. BoyLE. With 5 Figures

peSintreduction) & . el oSy e e LN
B CelllFusiontIn Vive, 1} .o« ol o g e e s
I. Occurrence of Multmucleate Cells ., . NI
II. Experimental Production of Hybrids In Vivo . . . .
III. Modified Phenotypes of Hybrids Induced In Vivo . ;
Use of Drug Resistance for the Selection of Hybrid Clones In thro
Expression of Drug Resistance in Hybrid Cells
[. Dominance and Complementation. . . . . . . . .
II. Gene Dosage and Functional Hemizygosity
NS MU UDCHONA T ENZVINGS . 7. o ' o log 2 Lo S e Sl X
IV. Steroid Resistance and Enzymic Inductlon by Hormones :
V. Segregation of Resistance
VI. Gene Activation . . .
E. Radiation Responses of Hybrld Cells
I. Sensitivity to Ionising Radiation and Ultrav1olet nght
II. Rescue of Genes from Lethally Irradiated Cells .
F. Conclusions: Possible Therapeutic Implications of Cell Hybrldlsatmn
RETELENces = i -

o0

Section I'V: Modification of Tumor Biochemistry

CHAPTER 12
Drug Resistance and DNA Repair. M. Fox. With 4 Figures

Avtintroduction - .. . g8 Ak
B. Mechanisms of DNA Repair . .
I. Excision Repair .
1:¢Bage Modification .. . oigdursdiCl lint gisk
2. Enzymatic Excision of Base Damage
3. Repair of Base Damage .

2] T
1,280
262

282

. 283
NS
. . 284
. 286

299
. 301
. 301
. 304
. 306

306

sl
. 310
=31
0 312
. 314
alD
SOl b
31D
510
. 319

321

a2

£.335
11336
S5 336
o387
- 337
<337



Contents

4. Nucleotide Excision and Repair . . . . . . . . . .
5. Influence of Chromatin Structure on DNA Excision Repalr

C. The Relationship Between DNA Repair and Cellular Sensitivity . .

I AIkylating Agents . 08 o . o ol oD NS T

I1. Platinum Compounds . . .

I Mitomycr€ . = 7 =0, L

DN BICOIRYEIIIN . 1 cl s oy oi 0 0 o5 i i o ha e NG e LR S

D. Cell-Cycle Perturbatlons and ThCII' P0551b1e Relatlonshlps to DNA
Repalr s 02 sl S e

E. Attempts to Develop Res1stance to DNA Damagmg Drugs in Cultured
. 389

Cell Lines In Vitro
F. Conclusions s i e
Relerencess i@ b Dl

CHAPTER 13
Cyclic AMP and Prostaglandins. M. J. TisDALE. With 5 Figures

A. Cyclic AMP . . .
I. Cyclic AMP and Neoplasm .....
II. Tumour Growth Inhibition by Cyclic AMP and Derlvatnves
III. Role of Cyclic AMP in Regression of Hormone-Dependent
Mammary Tumours & e o, ik hoimnd 247

IV. Role of Cyclic AMP in Growth Inhibition by the Antltumour

Alkylatmg ADERTS & o o h L et S S
. Effect on Cyclic AMP Phosphodlesterase . !
2 Effect on Spec1ﬁc Cyclic-AMP-Binding Proteins.
3. Alterations in Protein Kinase Act1v1ty
4. Possible Role of Cyclic AMP in the Cytotox1c ACthl’l of
Alkylating Agentsles. - {1 S0 L
V. Effect of Other Antitumour Agents on the Cychc Nucleotlde
System
B. Prostaglandins
€. 'Gonclusions . % . -
References. . .

CHAPTER 14
Properties of Mitochondria. A. K. BELousovA. With 4 Figures

A. Introduction . . .
B. Damage of Mltochondrlal Membranes by Alkylatmg Agents

C. The Structure and Functions of Energy- Couphng Complexes in
Mitochondria .

D. Search for Correlations Between Cell Sens1t1v1ty or Re51stance to

XIX

. 338
. 340
II. DNA Synthesis on a Template Containing Unexcised DNA Lesions
. 345
. . 345
Y380

=355
=356

342

. 358

361

..362

371
=it 374
7 3

1373

514374

5 376
379
3381

. 382
382
4383

1. 383
. 385

vol -39
L 39

392

Alkylating Agents and Functional State of Mitochondrial Membranes 394

References. . . . . . v « o o .

. 400



XX Contents

CHAPTER 15

Mechanism of “Resistance’ Towards Specific Drug Groups. T. A. CONNORS.
With 10 Figures

A. Mechanisms of Alkylation . . . AP TR [
B. Mechanisms of Cytotoxicity and Antltumour Actlon ....... 406
C. Selectivity of Antitumour Action of the Alkylating Agents . . . . . 406
D. Patterns of Resistance . . . . . P RS Sl 0 . 407
E. Mechanisms of Resistance . . . . . . SR e o e 408
I. Resistance Through Decreased Cellular Uptake P 3 T s 409
I1. Resistance by Inhibition of the Activation of Prodrugs . . . . . 413
ITI. Resistance by Deactivation of Reactive Alkylating Agents . . . 417
IV. Resistance by Interaction with Non-essential Nucleophiles . . . 418
F. Conclusions SRR SRR | oL A R by
Retereneeseanbine T U i L e L, T SR e )
CHAPTER 16
Nitrosoureas. K. D. TeEw and P.S. SCHEIN
A Pharmacelogy: « v &8 o2 o PO R IR T M B S S
B. Mechanisms of Drug Reswtance S e A AIIETERIER QTR N A et 40 6
C. Significance of Molecular Considerations . . . . . . . . . . . . . 427
D. Monoadducts and Cross-Linking : £ MGy SUAYA S CHIRPN SRR 428
E. Interference with the DNA Repair Process . SRR SRS a0
F. Subnucleosomal Nitrosourea Binding . . . . . . . .. . . . . . 430
G. Effects on Pyridine Nucleotides . . . . . .. 431
H. Modulation of Drug Effect with Steroids and Other Transcrlptlonal
Madifiersi. .- AHTSEETR QLY 1 Py -T2l =32
J. Overcoming Res1stance to Alkylatmg Agents with Nltrosoureas 3 . o.433
K, ClinfcaliEhCrapeutictactvaty | T o e o e e = 434
EE (conciusionsis; “Beliele e (- el il sy KR =l W e
RelereneesMasrai ™ (96 ok L IRR R el e L DR Ble 528 1 L e B e
Section V: Antimetabolites
CHAPTER 17
Antipurines. D. M. Tiop. With 6 Figures
Ad Introduction .. . . .. . I ol e Tal e e o - IR0 445
B. 8-Azaguanine . : InbiftRac iV, S Fangstt 449
[. Metabolism and Mechamsm of Act1on Ll ’d, bate STl vE IR el 450
1L Resistance . . v e e S IR 45
C. 6-Mercaptopurine and 6 Thloguamne ......... FON R NaE 457
I. Metabolism and Mechanism of Action . . . . . . . IR A 457

JICNR eSIRIAEe T sl e . Gl e i o B L R e )



