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Preface

This- ninth volume of Progress in Liver Diseases was organized and the
contributors invited in 1987 before Hans Popper became ill. He had planned
to write a review of pathobiology of hepatocellular carcinoma but by the end
of the year was unable to complete more than a short draft of his current
thoughts on hepatic inflammation and hepatocytic mjury, far less than he
originally intended. With the help of his faithful secretary, Clare Dockery, a
chapter was assembled and circulated to some of his friends for review,
something -Hans often did. We all made the usual changes in English, but aside
- from this his chaptcr stands nearly as it was wntten although without hlS final
approval.

The idea for Progress in Liver Diseases began when we tried worklng on a
_second edition of Liver: Structure and Function, which was published in 1957.
When the first draft was almost finished we felt that the field of hepatology
was growing too fast for us to be able to put it into a single volume. Dr. A.
H. Aaron, then editor of Gastroenterology, asked us to edit an issue of that
journal devoted to a glimpse of the frontier of hepatology. The results in 1958
“convinced us that we would.need the help of our friends to keep us abreast of
all the new advances. The late Henry Stratton, founder and director of Grune
' & Stratton Publishers, suggested in 1959 that we do this through a series to be
called Progressin Liver Diseases, similar to ones he was organizing in several
other disciplines. Volume I appeared in 1961. After Volume IV was published
.Henry Stratton sold Grune & Stratton to Harcourt Brace Jovanovich, who
-published Volumes V through VIH. This present volume appears under the
imprint of the W. B. Saunders Company, a change related to a corporate
merger. We were given the option of how the book was to be published and
chose the present arrangement. The publishing team for this volume is led by
Thomas Mackey, who has been responsible for all of the last five volumes and
who early earned our admiration and gratitude. Special thanks are also due to
Dr. Herbert Falk, who, through his triennial meetings and his Hepatology
Literature Abstracts, has kept us all current and introduced us to new friends
and new thoughts leading to invitations to many contributors to these volumes.
. The 1980s have seen many dramatic advances in hepatology. Vaccine for.
i hepmms B and cyclosporine for transplant patients became widely used in the
beginning of the decade. During the decade new immunologic, virologic, and
physical diagnostic procedures were introduced. As the decade ends, we now
have recognized hepatitis C and hepatitis E as transfusion-transmitted non-A,
‘non-B hepatltls and enteric non:A, non-B hepatitis, respectively, in addition
to hepatitis A, B, and D. All the viruses have been identified. Results of
treatment trials are starting to suggest therapeutic strategies especially to treat
chronic_hepatitis B' and to ‘prevent transmission of the virus with the goal of
‘eradication of that disease on the horizon. Control of the other viral infections
* will not be far behind. Only some aspects of these exciting events could be
. described in this volume.- : . '



xii . PREFACE
Although the short-term benefits to mankind from the control of the virus
infections of the liver and transplantation will be great, the more distant goal
of learning how the liver works and what happens when it does not work well
will ultimately be more important. Details of the basic mechanisms by which
hepatocytes are signaled to respond, what the signal is and how it moves from
. outside the cell to inside and, ultimately, to its target site, now occupy much
. of this-volume. Many of the details are interrelated, and this has resulted in
. some repetition. This has not been removed so that the reader can see where
.a particular messenger, receptor, transport mechanism, or second messenger
cascade fits into the partigular area under discussion.
‘ FENTON SCHAFFNER



10.

11.

12.

13.

14.

15:

¢ "Cd'ntén'téw g

The Three-Dimensional Lwer, Norma Nagore, S. Howe, :
and P. J, Scheuer ............ v 1

The Biology of Hepatic Endothehal Cell Fenestrac, b g
Irwin M. Arias ....... s il B i b U S i e e 11

The Relation of Mesenchymal Cell Producls to Hepatlc Epithelial
Systems, HansPopper s e e S e Ftgisiadtsls 27

Regulation of Liver Gene Expression During, Various Physiologic :
and Pathophysnologlc States, David A. Shafruz b plainsan M dinsee 39
Role of Protooncogenes and. Transformmg Growth Factors in
Normal and Neoplastic Liver Growth, Nelson Fausto and
Janet E, Mead ...........cono00e. e e p R s 57

HLA Expression in Liver Disease, Joost J. Van Den Oord,
Rita De Vos, and Valeer J. Desmet ...............cc..ocooininnes 78

The Acute Phase Respoﬁse of the Liver in Inﬂammation,
. Georg H. Fey and Jack Gauldie ....... arreesensinses ogmseh rpeer 89

Eicosénoids and the Liver, Michael Huber gnd Dietrich Kgpplef ches E1F

Cell-Matrix Interaction and Hepatic Fibrosis, D. Montgomery
BISSEIl ovoninsivnisvingogonsasypnsy s firesmesesin oo o sl i 143

Applications of Nuclear Magnetic Resonance Spectroscopy m
Experimental Models and Man, Shelia M. Cohen ............... 157

“Signal Transduction and Phosphoinositide Metabohsm in Liver,

Lyuba Varticovski- aiid Leona Lifig .. vvsivinnssan o apmassivee 181

From Albumin to the Cytoplasm: The Hepatic Uptake of Organic
Anions, Dario Sorrentino, Barry J. Potter, and Paul D. Berk .. 203

Mechanistic and Molecular Aspects of Hepatic Bilirubin -
Glucuronidation, Stephen C. Hauser and John L. Gollan ....... 225

Physiology of Bile Secretion and Cholestasis, Markus Sellingér
and James L. Boyer ..............cooooiiiiiiiiiiii 237

Aspects of Hepatic Calcium Metabolism, Claus Heilmann, Cornelia
Spamer, and Wolfgang Gerok ........................ciiiiin. 261

xiii



16.

17.
18.
19.
20.

21.

22,
23.

24,

25.

26.

27.

29.

30.

31.

CONTENTS

Iron and the Liver: Genetic Hemochromatosis and Other Hepatic
Iron Overload Disorders, Anthony S. Tavill, Bipin K. Sharma, ‘
and Bruce R. Bacon..........iciiviidivenseenessaeneinnssibinesrons 281

Genetic Polymorphisms of Drug Metabolism, Urs A. Meyer Ulrich
M. Zanger, Radek C. Skoda, Denis Grant, and Martin Blum ... 307

Effects of Acetaldehyde on Hepatic Proteins, Richard B. Jénnett, :' ;

Dean J. Tuma, and Michael F. Sorrell ................. Sraineniihe 305
Autoimmunity and Liver Diseases, Sandro Vento and _

Adrian Eddleston ............................0c0 i, 335
Benzodiazepine Receptor Ligands and the Syndrome of Hépati¢

Encephalopathy, E. Anthony Jones and Phil Skolmck ........ ... 345
Hepatitis A, Ian D. Gust and Stephen M. Feinstone ........ ... 3m

Expression of Hepatitis B Virus DNA Sequences in Cell Culture,
George Acs and Peter M. Price .................cccooovvuiinnnnnn. 379

Morphologic Featurés of Hepatitis B Virus Production in Vltro,

Swan N. Thung and Michael A. Gerber ................... Pasiagis 391
Hepatitis B Vaccines, Catherine L. Troisi and F. Blaine Hollinger .. 405
Chronic Hepatitis B, S. W. Schalm, H. C. Thomas and S. J. ‘

Hadziyannis ........ “.443

Woodchuck Hepatitis Virus Inféction A Model of Human Hepatlé
Diseases and Hepatocetular. Carcinoma, Fiorenzo Paronetto
. and Bud C. Tennam I TP P T .. 463

‘Hepatitis Delta Virus Infection, Ferruccio Bonino, Francesco Negro,

Maurizia Rossaha Brunetto, and Gwrgw VOImE ;oo iiivagie 485

Enterically Transmltted Non-A Non—B Hepatltls : kil A
Robert H. Purcell S R i K g T T L 497

The Livet in HIV Infection, Fenton Schaffner ., CRAERE S

Epldemnology and Genétics of anary Blhary thosns SN
Oliver F. W. James and Margaret Myszor ..... ;.;;.,5.'..L'.....‘,....‘l.’.'. 82

Bone Disease in Patlents with Primary Blhary Czrrhosxs i , LE
Willis C. Maddrey ................. et e e . . £



CONTENTS : ' =

32. The Syndrome of Primary Sclerosing Cholangitis, J. Ludwig,

. Nicholas F. LaRusso, and Russell H. Wiesner .................... 555

33. Hepatobiliary Consequences of Parenteral Alimentation, William F.
Balistreri and Kevin E. Bove .........cc.ccvevveiaiiiiiiiininniies 567
34. Aging and the Liver, Kenichi Kitani ..............cocoooiieviiinninn. 603

35. Magnetic Resonance Imaging of leer Neoplasms Sanjay Saini and
Joseph T. Ferrucci, Jr. ......icoiiiiiiiiiiiii, 625

36. Hepatocellular Carcinoma in Alaska Eskxmos Epidemiology,
Clinical Features; and Early Detection, Brian J. McMahon,
Anne P. Lanier, Robert B. Wainwright, and Steven J. Kilkenny

....................................................................... 643
37. The Postoperative Problems and Management of the Liver

Transplant Recipient, David H. Van Thiel, Vincents J.

Dindzans, Judith S. Gavaler, and Ralph E. Tarter ............... 657
38. The Pathology of Liver Transplantation, A. J. Demetris ............. 687
Contents of Previous Volumes .........coviiveiinieannniinn. eiEiess B TS A e ¥11



Chapter 1

The Three Dlmensmnal leer

By NORMA NAGORE 8z HOWE andP J. SCHEUER

EARLY DESCRIP’I‘IONS OF THE NORMAL HUMAN LIVER and the
liver in disease were based on naked-eye observations made at autopsy, which
provided some understanding  of the three-dimensional (3-D) structure of
hepatic lesions. Examination of tissue slices led to a predominantly two-
' dlmensmnal {2- D) v1sualrzatxon of disease, powerfully remforced by the growth
- of rmcroscopxc pathology The latter is based on histologic preparations from

- which, the third diménsion, refaresented by the thxckness of the section, is sO

small as to be effectxvely absent. ;

The nomenclature of dlseasc often reflects 3—D concepts Clrrhosxs, for
example, is defined as a dlffuse liver d1scase in which the normal structure is
replaced by a combination of fibrous septa and nodules; the word nodule
clearly implies a 3-D structure. A histologic diagnosis of cirrhosis, however, is

“made by the observation of circular 2-D profiles in lustologlc sections or tlssue
slices; the third dimension is assumed rather than observed,

_Many different techniques have been applied .in an attempt to overcome
thesc problems. One of the simplest. is 10 examme appropriate numbers of
serial mlcroscoplc secnons and prepare sketches or: photom;crographs from
which 3-D drawings can then be_constructed; ‘this method was - used by
Rappaport and colleagues in their classic work on the hepatic acinus and its
xmphcatlons for the pathogenesis of cirrhosis. 2 The need for a,3-D appraach
was already apparent a century or more ago. Strasser, 3 reviewing various
methods of reconstruction in 1887, described a method of transferring micro-
scapic images onto wax plates, which were then assembled into models with
the aid of heat, A similar method was used for the construction of cardboard
models.* Profiles from microscopic sections can be projected onto tracing paper
and these sheets assembled to create 3-D images; this technique of graphic
reconstruction® was used to study the human biliary tree.® Takahashi” ® inves-
tigated the nodules of cirrhotic liver in a similar way; he concluded on the basis
of his reconstructions that the nodules formed an interconnected 3-D network
in sp1te of their apparent separation on conventional hlstologxc examination. .
He further concluded that, because this network was essentially similar to that
produced by acute liver injury, the structural basis for later cirrhosis was laid
early.in the course of the disease. His studies lend support to the concept that
br:dgmg hepatic necrosis is an important event m the pathogenes;s of cirrho-
sis, e o,

The advamage of transparent material was also exploxted by Popper and :
Elias,”* who studied cxrrhotxc liver in three dxmensnons by assemblmg series of
glass plates on which- outlines of structures had been drawn. They concluded
that three pathogcneuc ‘pathways could lead to cirrhosis: collapse following

1
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extensive parenchymal necrosis, formation of fibrous septa dissecting the hepatic
parenchyma, and the development of new connective tissue around ductal
structures, as seen in primary biliary cirrhosis. Other materials such as celluloid
and acrylic resin have been similarly used. Jgrgensen'* applied a technique
‘used earlier in neuropathology to the study of intrahepatic bile ducts. Drawings
~of the structures being studied were made on tracing paper and transferred to
- acrylic resin plates 1 mm thick. These were then glued together and the models
viewed at various angles His studies led to the concept of ductal plate
-malformation as the basis of congemtal hepanc ﬁbrosm and related dxsorders-
of the biliary tree.” "

An entirely different approach to the problem of the thll'd dimension of the
liver was provided by the injection of inks, gelatin, and resins into blood vessels
and bile ducts. Followmg mjectlon of ink ‘or gelatin, thick frozen sections were
cut and viewed by light ‘microscopy. Injection of resins, enabled corrosion casts
to be made, showing ducts and blood vessels. These could be examined not
only with thie naked eye but also by scanning microscopy, itself a powerful tool
for understanding the third dimension,'* ** both at the level of tissue organiza-
tion and as a means of investigating subcellular structure. 2 =

Vascular injections and casts have provided insights into the relationships of
the different categories of blood vessels to each other and to bile ducts in both
normal and cirrhotic liver. Popper and coworkers® used both methods to study
vascular patterns in cirrhosis and concluded that the fibrous septa of cirrhosis
in man contained blood vessels linking the portal and hepatic venous circula-
tions, an important pathophysiologic obsérvation  that foreshadowed later
observations. on the importance of portohepatlc venular bridging.® 1 ® Several
groups described enlarged hepatic arteries in cirrhosis and demonstrated shunts
not only between portal and hepatic veins but between hepanc arteries and
portal veins.?* 2 These shunts could also be demonstrated in normal human
and. rat liver.s" Injection of blood vessels was combined with both serial
sectioning, followed by projection and tracing, and angmgraphy to understand
the vascular organization of the normal human liver; results were interpreted
as supporting the classic lobular concept.?

Stereology also provides a means of assessing 3-D shape. Flrst developed as
a tool in geology and later applied to biologic specimens, it requires mathe-
matical consideration of the relationship between 2-D profiles and 3-D struc-
tures. The simplest relationship is that between the area of a tissue component
in a 2-D section and the relative volume of that component in the tissue as a
-‘whole. At a more complex level stereologic techniques can provide insight into
3-D shapes as well as volumes. For example, the degree of complexity of shape
of a given tissue component is indicated by the relationship between its area
and its perimeter and by the convexities and concavities of its outlines.

Finally, modern computers have facilitated the processing of the complex
data needed to achieve accurate images. Over 20 years ago, a microdensitometer
was linked to a computer to analyze electron microscopic images of a bacteri-

, ophage and construct 3-D models from them.” A microcomputer was used to -
analyze the geometry 'of joints, creating images reminiscent of those used in
mdustnal computer-alded destgn % Images can be produced at a macroscopic
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or microscopic level and can then be digitized using combinations. of projection,
photography, television, manual outlining on a graphics tablet, and automatic
grey-scale analysis. Software has been developed to superimpose consecutive
sections into 3-D images™ 3 and to process and manipulate such images to
‘facilitate understanding. These developments made possible the studies de-
scribed in the remainder of this chapter. S : et S BT

- THE BILIARY TREE IN PRIMARY BILIARY CIRRHOSIS ’

A computer system was used to create 3-D images from tissue sections; the.
subject of this study was the interconnection of hepatocytes, proliferated bile
ductules, and damaged interlobular or septal bile ducts in primary biliary
cirrhosis.” Liver specimens from eight patients were studied, five of them
obtained surgically and three at autopsy. Between 120 and 445 serial paraffin
sections were examined. Each section was placed on the stage of a light
microscope and relevant structures (bile ducts, proliferated bile ductules,
hepatocytes, and blood vessels) outlined by means of a cursor placed on a
computer graphics tablet. The image of a light-emitting diode (LED) on the
cursor was transmitted to the microscopic field by means of a side arm (Fig. 1-
1) so that movement of the cursor could be controlled by the observer through
the microscope. Outlined images were automatically transferred to a computer
(Digital Equipment Corporation PDP 11/73), displayed on a color monitor,

'Fxgu,'r‘c 1=1. Microscope With side arm and graphics tablet with cursor, used for computerized
3-D reconstruction. - : ;
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and stored for later reconstruction. Different colors could be specified for the
various structures under examination. The 3-D reconstruction system used was"
SSRCON, developed by the Medical Research Council of ‘Great - Britain:
Auxiliary programs (SSPROF, SSALIN, and SSPAV) were used, respectively,
to store data, align structures correctly in relation to each other, and provide
numerical data on morphometric variables such as perimeter, area, and volume
of different classes of structures as required. Reconstruction of the biliary tree
from 2-D images could be achieved in various ways, e.g., by recreating
superimposed 2-D outlines of structures on the monitor or printing these images
by means of a color plotter. The computer program enabled the observer to
suppress hidden lines, fill structures with solid eolor, and view them at different -
angles. Red-green anaglyph pairs could be constructed and viewed -on ‘the
screen or on printouts or photographs, using red-green spectacles to ‘obtain
stereoscopic images. The ‘most helpful method proved to be the ‘repeated -
examination of ‘superimposed images' as they were gradually built up on the
monitor screen. By a combination of these techniques, the '3-D relationships of
the various structures ‘being studied could 'be adequately undetstood. ‘Lastly
information from oné or more computer files could be redrawn by hand to
produce composite images of large areas (Fig. 1-2). e
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Figure 1-2. Graphic reconstruction, prepared from computer files, ‘showing &tcre@pqopic‘ﬁéw_»af, s
a biliary pathway in primary biliary cirrhosis. The main bile duct i§ ‘swollén and capped by a
granuloma. Three branches can'be followed via ductules to hepatocytes. (Reprinted with permission
from Yamada S, Howe S, Scheuer PJ: J Pathol 152:317-323, 1987.) Bl i



