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What  happens to the  huzz\\~ords of yester- 
year, such as "biomarkers" and "molecular 
epidemiology"? Happily, someti~nes they 
mature to represent productive avenues of 
research that give new life to older disci- 
plines. In this case the  "older discipline" is 
epidemiolog\-. 

"Biomarkers" ha\.e been k ~ ~ o w n  for some 
time slmply as biological measurements. 
They can be used in epidemiology as indi- 
cators of exposure (for example, a blooil 
level of a toxicant or a DNA ailduct level in 
a tissue), susceptibility (for example, the 
level of expression o t  a n  activating or Jetox- 
ifying ens\-me for a particular toxica~lt) ,  or 
earlv effect (for esamnle. the cellular inti- 
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dence of specific D N A   nuta at ions 111 target 
t~ssues). Use of bioinarkers can heln break 
open the  black box that lies between human 
exposure ancl diag~losable cases of illness or 
death in convent~onal  epidemiology. 

B~omarkers also hold the  prolnise of pro- 
vicling useful i~lformation for monitoring 
and prel~ention efforts before sufficient 
Jeath  certificates accumulate for traditional 
studies. 111 a snectacular demo~ls t ra t io~l  in 
this volume, Brandt-Rauf et nl. report that 
15 (83?6) of 18 ~vorkers exposed to vinyl 
chloride who developed angiosarco~nas ex- 
pressed a specific G-to-A t ra~ls i t io~l  at the 
second base of codon 13 of the c-Ki-ms-2 
gene. Esalni~ling exposed and unexposeil 
workers \vithout angiosarcoma, they found 
that 49% of 45 exposed workers but none of 
28 control workers had detectable 1,721 pro- 
tein w ~ t h  the relevant  nuta at ion in their 
serum. T h e  frequent\- of this occurrence 
was strongly associated ~ v i t h  the  nuinhers of 
\-ears of exposure to \.in\-l chloride. 

This hook is a clear i11Jicator of a matur- 
ing field. It resulted from a conference held 
to consider applications of the still-emerging 
technology for assessing and monitoring the 
hazards to former and current ~vorkers \vho 
contributed to the Department of Energ\-'s 
extensive nuclear projects during the Cold 
War. T h e  book of course includes gooil pa- 
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Straume and Lucas, Gray et nl., and Kelsey et 
al.), but it also has sophisticated discussions 
of the implications of relevant pharmacoki- 
netics for the noninvasive ~noni tor i~lg  of 
coIlceIltratlons of volatile chemicals in ex- 
haled air (Thomas, formerl\- Flserova- 
Bergerova) and the development of an  lm- 
portant genetic marker of susceptibility for 
the immune hypersensitivity reaction that 
causes chronic beryllium disease (by Saltini 
and Rossman), amollg other topics. 

T h e  consideratioll of applications here is 
a great ileal Inore than technological boos- 
terisin. There are extensive colltributio~ls 
on practical ethical and legal issues (by 
Rothestein, b\- Rom, a11d b\- American Civ- 
il L~berties Union attorne\- blaltb\-), no  
fewer than four papers with "validation" in 
the  title (by Perera, R o t h ~ n a n  et nl., Rabki11 
anii Rothman, and Straume and Lucas), 
and useful estilnates of the  costs of different 
genetic assays (by Albertini). Mendelsohn 
in a n  excellent paper early in the volume 
gives expanded data from his technical tour 
de force in finding a strong linear relation- 
shin between radiation dose and the incl- 
dence of gl\-cophorin variants in the red 
cells of atomic bomb survivors, based on 
grouped data froin samples collected over 
40 years after exposure. The11 he analyzes 
the difficulties of usefull\- applying current 
techniques to u~orkers exposed to ionizing 
radiation at the  levels experienced by the  
great majorit\- of current and former De- 
partment of Energy workers (i~lcluding tem- 
poral factors, sensitivity, and specificity). 
H e  recoin~neliils careful further develop- 
m e ~ l t ,  with analysis of possible benefits and 
costs ot specific applications, before a wide- 
spread measurement program is undertaken. 

Prolnisi~lg as current bio~narker tech- 
niques seem for epidem~ology and medical 
monitoring, the future holds a t  least two 
possibilities for ne\v hiomarker technology 
that could transform cancer epidemiology. 
First, the  capabilit\- to sequence the genes 
that are part of the  molecular pathological 
pathway for tumors in individual people 
could nrovide the basis for a u~hole  new 
categorization of disease outcomes with 
likely etiologic significance. Instead of just 
counting tulnors by anatomical site and his- 
tological type, epidemiologists may be able 
to make use of the  numbers of tumors with 
D N A  changes associated with particular 

etiologic agents in particular genes. For ex- 
ample, radiation tenils to cause a larger 
proportion of deletion mutations than most 
other mutagenic agents. Some future radia- 
tion-cancer epidemiological stuily might 
benefit by counting separately tumors at a 
particular site that have deletion-t\-pe mu- 
tations in specific genes (such as p53, or 
ras) on cornmoll cancer nathwavs. Such 
information may eventually be available for 
epidemiologists to draw upon if it proves of 
significance for prognosis or therapy and 
therefore begins to be generated in the 
course of normal lnedical practice. 

A n  even Inore revolutionary possibility 
will be realized when technolog\- is ilevel- 
opeil to measure the cellular frequency of 
k~lo\vn types of mutations alo11g kno~vn  can- 
cer pathwavs 111 otherwise normal tissues ob- 
tained from autopsies or ( in  special circum- 
stances) biopsies or from samples of normally 
exfoliateil cells from particular tissues (such 
as bladder epithelium). Instead of waiting for 
lnembers of a cohort of several thousand 
workers to develop cancer decades after 
the  casual exposure and  c o u ~ ~ t l n g  one  case 
(or  non-case) for each death. we could 
hope to find that the frequency of particular 
p53 or other relel~ant mutations in cells of 
this or that  tissue is elevated in  u~orkers 
with this or  that  current or ilnlnediate past 
exnosure. This would chanpe the  unit of 
anal\-sis froin the  whole persoil to the  
individual cells 111 different tissues. Autop- 
sies o n  30  people with well-characterized 
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exposures could well yield [nore u s e f ~ ~ l  
dose-resnonse inforlnation than  conven- 
tional long-term cohort studies of groups 
hundreds of tinles as large. 

This is a field that bears watching bv a " ,  
u~ider audience than those in the immedi- 
atel\- collcerlled tech~lical specialities. 

Dale Hattis 
Center for Technology, Ent~lronment and 

Deejelopment, George Perkms Marsh Institute, 
Clark Cniejersity , 

Worcester, M A  01 61 0, USA 

A Global Campaign 
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Hepatitis B infection is a major cause of 
chronic cirrhosis and primary liver cancer. 
Accounting for an  estimated million deaths 
world\vide annually, hepatitls B virus is one 
of the most important carcinogens, second 
only to tobacco. For inan\- countries in Asia 
and sub-Saharan Africa chronic carrier rates 
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