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PREFACE

The genetic study of common gastrointestinal diseases is bedeviled
by a host of problems. These include disease definition, ascertainment,
delayed age of onset, high frequency in the population, variable
expression, and heterogeneity. The tendency has been for the geneticist
to avoid these problems by concentrating on the better delineated
phenotypes of the rare disorders, and for the gastroenterologist to
acknowledge a general genetic predisposition, but not to incorporate a
genetic approach into his studies of pathophysiology, diagnosis, and
treatment response. There has been a perceptible change from
isolationism to collaboration during the past several years.
Gastroenterologists and geneticists have begun a dialogue, and are
beginning to utilize each other’s techniques to investigate disorders of
common interest. The result has been a rapid increase in our knowledge
regarding the genetics of several of the common gastrointestinal
disorders.

During the past several years, the editors, two geneticists and a
gastroenterologist, have been engaged in research with other
investigators, both within and without the Center for Ulcer Research
and Education, into the genetics of peptic ulcer disease. The fact that
this effort has resulted in rapid advancement of our knowledge about
the genetics of peptic ulcer disease suggested the applicability of this
type of approach to other common gastrointestinal disorders.
Consequently, an international workshop was held in Indian Wells,
California, on March 17—19, 1980. Investigators in such diverse fields as
gastroenterology, genetics, epidemiology, pathology, mathematics,
and immunology were brought together to assess the current state of
the art of the genetics of common gastrointestinal disorders. The major
purpose of the meeting was to foster future research in this area.

The topics covered at the workshop and presented in this volume
include genetic approaches to common diseases; the genetics of peptic
ulcer, chronic gastritis, lactase deficiency, gluten-sensitive enteropathy,
imflammatory bowel disease, gastrointestinal cancer, gallbladder
disease, gastrointestinal malformations; mathematical genetic ap-

Xvii



XViii Preface

proaches; gene marker association studies; and gene environment
interactions.

It became increasingly clear during the workshop that genetic studies
have a wide application to the study of common diseases. Such studies
provide an extremely powerful tool to dissect out the pathophysiology
and natural history of a disorder. In the process, genetic studies often
reveal that the disorder under study consists of several distinct
diseases. This important concept of etiologic and genetic heterogeneity
has implications not only for pathophysiologic studies, but for
diagnosis and therapy as well, since pathogenetically distinct disorders
may well differ in their optimal therapy and prevention. Thus, gains in
our knowledge regarding the genetics of the gastrointestinal diseases
should ultimately improve our ability to diagnose and treat patients
with common gastrointestinal disorders.

Investigators tend to congregate according to their special interests;
however, as the workshop progressed, the enormous potential that
exists for significant advances by combining the unique talents of each
group in the study of common gastrointestinal disorders became
apparent to all. The need for collaborative research on the common
gastrointestinal disorders is an important message of this volume, and
is applicable to the genetics and pathophysiology of all common
diseases.

As has been evident, genetic studies have added a great deal to our
knowledge about many of the common gastrointestinal disorders. At
the present pace of work and with increasing sophistication in
approaches, much more can be expected in the future. It is only
appropriate that in the final chapter Richard McConnell, who might well
be considered the ‘“father of gastrointestinal genetics,” summarizes
where we have been and where we are going.

We hope that this volume provides the latest information on the
genetics of the common gastrointestinal disorders. It will, we hope,
serve as a starting point for future studies, and as a stimulus to future
research into the genetics of common gastrointestinal diseases.



ACKNOWLEDGMENTS

We are grateful to George Kitzes and Harold Roth for guiding our efforts
in obtaining support for this workshop from the National Institutes of
Arthritis, Metabolism, and Digestive Diseases. We also gratefully
acknowledge the support of Marion Laboratories; Smith, Kline & French
Laboratories; Nichols Institute; William H. Rorer, Inc.; and Ross
Laboratories. We especially thank Richard Apostol, who acted as
executive assistant for the conference and editorial assistant for the
volume, and Leona Green and Nati Pendilla for their talented and
capable organizing and running of the conference. We also wish to
express our gratitude for the secretarial assistance of Duane
Thorington, Alycia Bittick, and Freda Apostol. Finally we thank our
families for tolerating the many disruptions entailed by the conference
and this volume.



CONTENTS

Contributors Xili
Preface xvii
Acknowledgments XiX
GENETICS OF COMMON DISEASES 1
Approaches to the Genetics of Common Diseases 3
Arno G. Motulsky
Introduction 3
Heterogeneity 5
Polymorphisms 5
Major genes as etiologic factors 7
Heterozygotes for rare diseases and predispositions to
common diseases 7
Ecogenetic approaches and cancer 8
Summary 9
Genetic Heterogeneity in Common Disease 11
David L. Rimoin
Genetic methods 1"
Analysis of phenotype 13
Biochemical analysis 13
Physiologic studies 14
Somatic cell-genetics 14
GASTRODUODENAL DISORDERS 19
Peptic Ulcer 19
Peptic Ulcer: Definition and Epidemiology 21
Morton I. Grossman
Definition of peptic ulcer 21
Pathogenesis of peptic ulcer 23
Environmental factors in peptic ulcer 23
Epidemiology of peptic ulcer 24
Peptic Ulcer: Early Genetic Evidence—Families,
Twins and Markers 31
R. B. McConnell
Families 31
Twin data 35
Markers 36



Contents

Pepsinogens and Their Relationship to Peptic Ulcer
. Michael Samloff

Introduction
Heterogeneity of pepsinogen and pepsin
Pepsinogens, pepsins, peptic activity, and peptic ulcer

Genetic and Biochemical Determinants of Human
Pepsinogen Isozymes
R. Thomas Taggart

Introduction

Genetic studies

Biochemical studies

Directions for future investigations

Physiologic Abnormalities and Heterogeneity in Peptic Ulcer
Shiu Kum Lam

Duodenal ulcer, abnormalities in acid secretion

Duodenal ulcer, abnormalities in gastrin secretion

Duodenal ulcer, abnormalities in pepsin and
pepsinogen secretion

Duodenal ulcer, abnormalities in gastric emptying

Gastric ulcer

Summary and conclusions

Heredity of Hypergastrinemic Hyperchlorhydria Syndromes
Cornelis Lamers, Co Diemel, Paul Froeling, and Jan Jansen

Introduction

Heredity of Zollinger —-Ellison syndrome

Family studies in inappropriate hypergastrinemia of antral origin
Conclusion

Ethnic Differences in Duodenal Ulceration,
Part I: An Overview
Michael G. Moshal

Summary

Introduction

Definition of ethnic

Environmental and genetic studies

Ethnic changes in the epidemiology of duodenal ulceration
““Changing factors’ theory of duodenal ulceration

Ethnic differences in the genetics of duodenal ulceration
Conclusion

Ethnic Differences in Duodenal Ulceration,
Part II: 3392 Patients in Durban (1972-9)
Michael G. Moshal, Jean-Marie Spitaels,
Lawrence Schlemmer, Aubrey Levin, and Jean Mason

Increase in duodenal ulcer admissions at King Edward VIl
Hospital, Durban, prior to the endoscopic era

An analysis of 3392 endoscopically proven duodenal ulcers
in Durban

A psychosocial study in patients with duodenal ulcers in Natal

43

43
44
a7

&1

51
52
60
63

67

67
7

74
75
76
76

81

81
82
83
88

91

91
91
92
92
92
94

97

101

101

102
104



Contents

Drug trials
Conclusion

Genetic Approaches to Ulcer Heterogeneity
Jerome [. Rotter

Peptic ulcer—genetic interpretations
Genetic syndromes with peptic ulcer
Clinical suggestions of heterogeneity
Genetic studies utilizing subclinical markers
A genetic classification and implications

Chronic Gastritis
Intestinal Metaplasia of the Stomach, Its Nature,
Cause,and Effects
Grant N. Stemmermann and Takuji Hayashi
Introduction
The structure of metaplastic tissue

The cause of intestinal metaplasia
The effects of intestinal metaplasia

Autoimmune Atrophic Gastritis
W. James Irvine

Introduction

Immunologic studies in atrophic gastritis

Clinical association of atrophic gastritis and autoimmune
thyroid disease

Comparison between the nature of gastric and thyroid antigens

What does the presence of gastric antibodies mean in patients
with thyroid disease?

Natural history of autoimmune achlorhydric atrophic gastritis in
patients with autoimmune thyroid disease

Familial association of thyroid and gastric autoimmunity

Histocompatibility antigens in patients with thyrogastric disease

Conclusion

Gastritis in First-Degree Relatives of Pernicious
Anemia, Gastric Cancer Patients,and Controls
Kalle Varis, I. Michael Samloff, Anja Tiilikainen,
Timo lhamaki, Matti Kekki, Pentti Sipponen,and
Max Siurala
Introduction
Classification of gastritis
Mathematical treatment of biopsy data

Family studies on gastritis and pernicious anemia
Family studies of gastritis and gastric cancer

INTESTINAL DISORDERS
Lactase Deficiency

Lactase Deficiency: Definition and Screening Tests
Albert D. Newcomer

Introduction

Vii

108
109

11

11
113
117
118
122

129

131

131
132
136
139

149

149
152

157
161

162

166
169
171
171

177

177
178
179
179
189

193
195
195

195



viii

Development

Terminology

Classification

Definition of lactase deficiency
Screening tests

Genetics and Epidemiology of Hypolactasia
Timo Sahi

Human small-intestinal 3-galactosidases

Effect of lactose on small-intestine lactase activity
Evidence for the inheritance of hypolactasia
Further genetic aspects of hypolactasia

Prevalence of hypolactasia in different populations
Explanations for the differences in the prevalence
Testing the culture historical hypothesis

Coeliac Disease (Gluten-Sensitive Enteropathy)
Coeliac Disease: Family and Twin Studies and
Disease Associations

Anthony Ellis
Family studies
Heritability
Twin studies
Disease associations
Genetic Factors in Gluten-Sensitive Enteropathy
Warren Strober

Introduction
HLA antigens and GSE

Relationship of HLA genes to disease pathogenesis—

nonspecific mechanisms

Relationship of HLA genes to disease pathogenesis—

specific mechanisms

The role of HLA-B8/Drw3 in the causation of disease

Non-HLA-associated genetic factors in GSE
Mechanism of gene action in GSE

Inflammatory Bowel Disease

Inflalmmatory Bowel Disease - Clinical, Etiological, and

Genetic Aspects
Joseph B. Kirsner
Introduction

Clinical
Consideration of etiology and pathogenesis

Observations on genetic (familial) aspects of inflammatory

bowel disease

Immunogenetic Aspects of Inflammatory Bowel Disease

A. S. Pena

Histocompatibility antigens (HLA)
Non-HLA B-cell antigens
Lymphocytotoxic antibodies (LCA)

Contents

197
199
200
201
202

215

215
217
218
221
223
225
227

235

235

235
237
237
238

243

243
244

247

250
252
255
256

261

261

261
261
265

273
281

281
282
285



Contents ix

Genetic markers of immunoglobulins 286
Alloantibodies reacting with subsets of human T cells 286
GALLSTONES 291
Gallstones: Classification, Diagnosis, and Pathophysiology 293
Alan F. Hofmann
Definition 293
Site of occurrence and natural history 293
Diagnosis 293
Pathogenesis 294
Staging gallstone disease 294
Therapy 295
Epidemiology of Gallstones 297
Lynn J. Bennion and William C. Knowler
Introduction 297
Pigment gallstones 297
Cholesterol gallstones 299
Research methods 305
Genetics of Cholelithiasis 313
Willem van der Linden
Racial differences 313
Sources of error in studies on familial clustering 314
Studies on familial occurrence of gallstone disease 315
Familial occurrence in young patients 317
Studies in twins 318
Studies on bile composition 318
GASTROINTESTINAL CANCER 321
Ethnic Differences in Gastrointestinal Cancer 323
Cedric Frank Gargliano
Introduction 323
Genetic and environmental factors 324
Cancer of the esophagus 325
Cancer of the stomach 329
Primary cancer of the liver 331
Cancer of the pancreas 333
Cancer of the gallbladder 333
Cancer of the small intestine 333
Cancer of the colon 334
Cancer of the rectum 335
Summary 335
Familial Gastrointestinal Tract Cancer 337

Henry T. Lynch, Robert C. Elston, Rodney C. P. Go,
Karen L. Follett, and Jane F. Lynch
Introduction 337

Classification of hereditary colon cancer 338
Discussion 350



X Contents

Memorial Hospital Registry of Population Groups at
High Risk for Cancer of the Large Intestine: Development

of Risk Factor Profiles 357
Martin Lipkin
Introduction 357
Memorial Hospital Registry of population groups at high risk
for cancer of the large intestine 358
Proliferative abnormalities in colonic epithelial cells of
individuals with familial polyposis 365
CEA in colonic lavage of individuals at high risk for large
bowel cancer 367
Studies of cutaneous cells of individuals with familial polyposis 368
Immunologic studies 368
Examination of fecal contents 369
Approaches to the prevention of colorectal cancer 372
Genetic Syndromes with Gastrointestinal Cancer 377
R. Neil Schimke
Introduction 377
Cancer of oropharyngeal structures 377
Esophageal malignancy 380
Gastric cancer 381
Small intestinal cancer 382
Pancreatic neoplasms 383
Hepatocellular carcinoma 383
Colorectal cancer 384
Conclusions 386
Clinical and Population Genetics of the Hereditary
Gastrointestinal Polyposes 391

Joji Utsunomiya, Takeo Iwama, Masako Taimura,
and Renzo Hirayama

Introduction 391
Classification 392
Adenomatosis coli 393
Other polyposes 403
Central register of the polyposes in Japan 411
GASTROINTESTINAL TRACT MALFORMATIONS 417
Infantile Hypertrophic Pyloric Stenosis: Definition,
Physiology,and Genetics 419
John A. Dodge
Definition 419
Physiology 422
Genetics 430
Genetics of Common Gastrointestinal Malformations
and the Heterogeneity of Hirschsprung'’s Disease 441
Eberhard Passarge

Introduction 441



Contents

Defects of the gross anatomical structure
Defects of the intramural intestinal nervous system: intestinal
aganglionosis (Hirschsprung'’s disease)

GENETIC APPROACHES
Mathematical Genetic Approaches

The Analysis of Pedigree Information
D. Timothy Bishop

Introduction

Pedigree analysis and segregation analysis
Path analysis and variance components
Linkage

Ascertainment and sequential sampling
Discussion

Genetic Models
Sandra Hasstedt

Introduction

Major gene model

Polygenic model

Mixed model

Application of the models
Extensions to the major gene model
Discussion

Twins and Twin Methods as Genetic Epidemiologic Tools
Walter E. Nance and Linda A. Corey

Introduction

Kinships of twins
Partitioned twin analysis
Conclusion

Multivariate Definition of Genotypes and Detection of
Single Locus Segregation
Robert C. Elston

Introduction
The method
Discussion and conclusion

Gene Marker Association Studies

Gastrointestinal Disease Associations
A. E. Mourant

Introduction

Gastrointestinal neoplasms

Gastric and duodenal ulcers

Other gastrointestinal diseases

Associations with histocompatibility antigens

Autoimmunity and neoplasia

Syndrome heterogeneity and associations with genetic
markers

Xi

443

451
451
453

453
454
460
466
468
470

475

475
476
477
479
480
485
486

489

489
489
4397
500

503

503
504
505

507
509

509
513
513
516
517
518

519



xii

HLA and Its Associations with Gastrointestinal Diseases
Mogens Thomsen, Lars P. Ryder, Arne Svejgaard,
and Peter Gimsing

Introduction

The HLA system

Linkage disequilibrium and disease susceptibility genes

How the studies are done

Associations between HLA and the various diseases
Gene Environment Interactions

Genetic Susceptibility to Intestinal Infection—

Animal Models
Richard Sellwood

Introduction

Mechanism of infection

E. Coli diarrhea in the pig neconate
Concluding remarks

Gl Pharmacogenetics
James W. Freston
Genetics and variability of drug disposition and response
Acetylation of isoniazid—a relevant Gl-genetic model
Isoniazid liver injury and acetylator phenotypes
Implications for other hepatotoxicities
Approaches to therapy of genetic diseases

SUMMARY AND FUTURE DIRECTIONS

Summary and Future Directions
Richard B. McConnell
Major genes
Theoretical considerations
Clinical conditions
Future directions

Index

Contents

523

523
524
527
527
528

535

537

537
538
539
546

551

551
552
556
558
559

565
567

567
568
569
570

573



