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This past spring in Current Contents ~,
science writer and consultant Bernard
Dixon examined the most-cited life-sciences
papers of 1987.1 The following essay con-
tinues the series-begun over a decade
ag+--in which we have presented and eval-
uated lists of highly cited Iife-sciences pa-
pers published each year from 1976 on-
wmd.’2-12 In this latest installment, Dixon
looks at the 102 most-cited articles in the
life sciences published in 1988.

As in the study of 1987 articles, papers
describing methods are less prevalent here
than they have been in other groupings of
most-cited publications. However, as
Dixon observes, one 1988 methods paper,
by Randall K. Saiki, Cetus Corporation,
Emeryville, California, and colleagues, re-
porting a major advance in the polymerase
chain reaction, or PCR, has distinguished
itself rather spectacularly. 13 The paper, pub-
lished in Science and already cited more
than 800 times, demonstrates how a tech-
nique can affect many different fields within
the life sciences.
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Dixon also discusses some of the other
notable features of this collection of papers,
One is the very strong showing by review
articles; nearly a quarter of the papers listed
are reviews of some kind. As one who has
always championed the value of re-
views, 14.15I find this a most interesting de-
velopment. Also noteworthy is the decline
in the representation of papers from US in-
stitutions. As Dixon observes, this contin-
ues a trend noted in the study of 1987 pa-
pers. On the other hand, papers from the
UK increased their representation.

We reeently presented Dixon’s discussion
of the most-cited papers published by the
Brifish Medical Journal, 16 In the following
essay, he evaluates the impact of recent re-
search in several critical areas, including
AIDS, cancer, and Alzheimer’s disease.

● ☛☛☛☛

My thanks to Judith Schaeffer for her help
in the preparation of this essay.
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The Most-Cited 1988 Life-Sciences Papers Highlight the Polymerase
Chain Reaction, Cell Signaling, AIDs and HIV Infection, and

Oncogenes and the Molecular Basis of Cancer.
Reviews Were Very Strongly Represented

Bernard Dixon
130 Cornwall Road
Ruislip Manor
Middlesex HA46AW
England

The list of 102 most-cited 1988 papers is remarkable for the exfraotrtinarily high impact (823 citations)
achieved by a primordial paper on the polymermc chain mction, a method of amplifying tiny amounts
of deoxyribmrttcleic acid (DNA) thal has already found countless applications in diagnosis and research.

Thirteen papers were devoted ro various aspects of acquired immunodeficiency syndrome (AIDS) and
human immunodeficiency virus (HIV) infection. Another theme strongly represented was conununica-

tion w ifhin and M ween cells. For the second year running, the US tally of papers declined, whi Ie the

UK sh,ire increwed.

There is a well-worn old saw according to
which papers devoted to experimental tech-
niques always register frequencies in cita-
tion studies that are totally disproportionate
to their real significance. If this clich6 were
to be reflected in reafity, then a listing of the
publications most cited in the literature dur-
ing a particular year might well be expected
to include a large number of methods pa-
pers. The 1988 listing of life-sciences pa-
pers does not confirm this prediction. Of the
top 102 publications, only 3 are centered on
investigational techniques.

Yet this year’s compilation does include
the exception that proves the rule. While
one of the three methods papers (by WNiam
R, Pearson, University of Virginia, Char-
lottesville, and David J. Lipman, National
Institute of Diabetes and Digestive and Kid-
ney Diseases, Bethesda, Matyland) de-
scribes new ways of comparing sequences
cwrying biological information, the other
two are devoted to a technique that has rev-
olutionized many sectors of experimental
biology in very recent years-the polymer-
ase chain reaction. One of these reports (by
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Randall K. Saiki, Cetug Corpmation,
Emeryville, California, ,and colleagues)
holds top place in the entire list with a re-
markably high 823 citationg in 1988 and
1989.

The Poiymerrt.se Chain ReactiorI

The central maneuvers of genetic engi-
neering-fragmenting a piece of DNA, in-
serting it into a vector, and then inserting
that into a bacterium to clone the gene----can
take several days. For nmy purposes. such
as identifying a rnicroorganisrn from a
vanishingly tiny amount of DNA, a quicker
method of gene copying is highly desirable.
Such a technique is now available in the
form of the polymeraw chain reaction
(PCR). Devised by Kary R. Mtdlis, Saiki,
and others at the Cetus Corporation, the
PCR is a method of copying ‘DNA chemi-

cally in a test tube in just a few hours. Al-
though it does not use living cells, the pro-
cess can make DNA grow exponentially be-
cause it takes place in successive steps, each
doubling the amount of DNA.

The key to the technique is that one must
know the sequences of short stretches of
DNA on either side of the gene to be copied.
A gene machine is used to make two “prim-
ers’’-single strands of DNA, one comple-
mentary to one of the flanking sequences
and the other to the other. The DNA double
helix containing the gene is then untwisted.
When the two primers are added, each binds
to its complementmy flanking sequence.
The enzyme DNA polymerase is then
added, and immediately extends not only
the primers, but also the target gene, too.
This series of three steps, each requiring a
different temperature, comprises one cycle
of the PCR. With an auurotmiate succession
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of temperature changes, as few as 20 cycles
can generate approximately a million times
the amount of the originaJ target sequence.

The technique was first reported in 1987. I
Mrdlis has written about its unlikely origins
during a moonlit drive through the moun-
tains of Califomia.z A major advance came
with the 1988 paper in which Saiki and col-
leagues introduced a heat-stable DNA poly -
merase from the bacterium Thermus aquafi-
cus. This obviated the need to add fresh
polymerase during each of the 30 or so cy-
cles in a typical run. In December 1989,
Science selected DNA polymerase as its
first “molecule of the year.”3A

AIDS and Human
Immunodeticiency Virus

Thirteen papers were specifically devoted
to AIDS, various aspects of HIV infection,
and their immunology, as compared with
nine in the previous year.~ In one of these,
Chin-Yih Ou, the Centers for Disease Con-
trol (CDC), in Atlanta, Georgia, and col-
leagues used the PCR to identify proviral
sequences of HIV directly from DNA in
blood samples. The process took three days,
rather than the three to four weeks required
when diagnosis is based on isolation of the
virus.

An important group of four papers indi-
cated a possible approach to the prevention
of AIDS through the CD4 antigen, an essen-
tial receptor on the cell surface for HIV in-
fection. The papers were by Richard A.
Fisher, Biogen Research Corporation,
Cambridge, Massachusetts, and colleagues;
Rebecca E. Hussey, Dana-Farber Cancer
Institute, Boston, Massachusetts, and col-
leagues; Andr6 Traunecker, Basel Institute
for Immunology, Switzerland, and col-
leagues; and Keith C. Deen, Smith Kline
and French Laboratories, King of Prussia,
Pennsylvania, and colleagues. They showed
that a soluble form of tbe CD4 antigen was
capable of blocking HIV infection, provid-
ing a possible prophylactic tool. The fre-
quent co-citation of these papers together as
a group is reflected in their similar scores of
87,96,94, and 89, respectively.

Four of the HIV papers were reviews.
James W. Cuman and colleagues, CDC, sur-
veyed the epidemiology of the infection in
the US. Anthony S. Fauci, National Insti-
tutes of Health (NIH), Bethesda, reviewed
the mechanisms of infection and the disease
itself. Peter Piot, Institute of Tropical Mexli-
cine, Antwerp, Belgium, and colleagues
from several countries provided an intern-
ational perspective, while Richard W. Price,
Memorial Hospital, New York, and col-
leagues reviewed the effects of HIV on the
brain and nervous system.

The paper by John W. Ward, CDC, and
colleagues showed that, although screening
of blood had been introduced in the US dur-
ing the previous three years, and despite the
voluntary deferral of blood donation by at-
risk individuals, there was still a small but
significant risk of HIV being transmitted to
patients receiving blood transfusions. The
authors called for greater emphasis on de-
ferral and for the evaluation of assays to
detect HIV infection earlier.

The Immune System

Three of the most-cited papers of 1988
reported progress in solving one of the cen-
tral problems of immunology-why an ani-
mal is tolerant to its own “self’ tissues, al-
though its immune system is capable of
recognizing and eliminating any one of a
limitless number of “foreign” antigens that
may enter the body as infectious agents.
One was the fourth-placed paper (223 cita-
tions) by John W. Kappler, Howard Hughes
Medical Institute, National Jewish Center
for Immunology and Respiratory Medicine,
Denver, Colorado, and colleagues.

Another paper was authored by H. Rob-
son MacDonald at the Lausanne Branch of
the Ludwig Institute for Cancer Research,
Epalinges, Switzerland, and coworkers. The
third was by PaweI Kisielow, Basel Institute
for Immunology, and colleagues. Taken to-
gether, these two reports provided further
evidence that tolerance to self antigens is
achieved by the early deletion of certain
clones of lymphocytes that would otherwise
attack these antigens. Potentially selfde-
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structive clones, in other words, are elimi-
nated, leaving only those comprising the
defensive machinery against invading
antigens.

Cancer and Its Genetic Basis

Six papers were devoted to onwgenes,
mutated versions of normal genes called
proto-oncogenes that occur in animal cells
and can turn them into malignant cells.
Abraham M. de Vos. University of Califor-
nia (UC), Berkeley, and colleagues de-
scribed the three-dnensional structure of a
protein of the ras gene family, which in-
cludes many of the commonly found
oncogenes isolated from human tumors and
transformed cell lines. They discovered re-
gions of the molecule that may well partici-
pate in other functions in the cell.

In one of the most-cited papers of 1987,5
Johannes L. Bos, State University of
Leiden, The Netherlands, and coworkers
showed that mutations of ras genes were
present in more than a third of human col-
orectal tumors, usually occurring before the
appearance of cancer.c In 1988, a further
paper by Bert Vogelstein, Johns Hopkins
University School of Medicine, Baltimore,
Maryland, Bos, and others reported changes
during the development of colorectal tu-
mors. Study of these changes suggests that
the steps needed for the appearance of can-
cer often involve activation of an oncogene
by mutation, together with the loss of sev-
eral genes that normally suppress tumor de-
velopment.

The fm.t positive demonstration of a phys-
ical link between an oncogene and an anti-
or negative oncogene was the subject of a
paper by Peter Whyte. Cold Spring Harbor
Laboratory, New York, and colleagues.
They discovered that the protein of a virus
oncogene, E 1A, interacts with an anti-
oncogene that inhibits the function of the
protein produced by the retinoblastoma
gene.

Retinoblastoma, a condition in which tu-
mors grow in the eyes of children, featured
in the listimz of 1987 most-cited life-sci-

ences papers,s when Wen-Hwa Lee, Univer-
sity of California, San Diego (UCSD), and
collaborators described the identification,
cloning, and sequencing of the putative
gene for this form of cancer.T In their 1988
paper, J. William Harbour and coworkers at
NIH found abnormalities of the retinoblas-
toma gene in two neuroendocrine tumors
(small cell lung cancer and pulmonary car-
cinoids). Their finding indicates that the ret-
inoblastoma gene is involved not only in the
development of this condition, but also in
malignant diseases in other tissues in adults.

Frank J. Rauscher, Roche Institute for
Moleculw Biology, Nutley, New Jersey, and
colleagues published two papers that
strengthen the links between the ~os
oncogene, which is associated with osteo-
sarcoma in the mouse, and the jun pro to-
oncogene. B. Robert Franza, Cold Spring
Harbor Laboratory, f~st-named author of a
third Rauscher paper, commented in The
Scienrist @8on the most cited of this trio of
papers. This confined that in mammalian
cells a genetically defined control element
was the target not of one protein, but of
many proteins, and indicated that the com-
binations thereof at any one time represent a
fine-tunable way of mediating or modulat-
ing expression of the functionally linked
genes. The paper “certainly caught the at-
tention of a lot of people, who all of a sud-
den decided that~os and jun were important
to work on,” Franza commented.g

Three papers described the use of recom-
binant DNA products to ameliorate the dam-
age to bone marrow that accompanies che-
motherapy for cancer. Pmalleling the highly
citeds 1987 paper by Jerome E. Groopman,
New England Deaconess Hospital, Boston,
and COkdgUtX on the use of geneticidly en-
gineered human granulocyte-microphage
colony-stimulating factor to restore white
blood cell counts in AIDS patients,g Ste-
phen J. Brandt, Duke University Medical
Center, Durham, North Carolina, and col-
leagues gave the same agent to patients with
breast cancer or melanoma. Their paper
showed that it can accelerate the recovery of
the bone marrow after high dosage chemo-
therapy and bone marrow transplantation.
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Similar benefits of granulocyte colony-
stimulating factor were demonstrated in two
papers. One was by Janice L. Gabrilove,
Memorial Sloan-Kettering Cancer Center,
New York, and colleagues who treated pa-
tients with carcinoma of the urothelium.
The other was authored by G. Morstyn,
Ludwig Institute for Cancer Research, Mel-
bourne, Austrdlia, and colleagues. They
treated patients suffering from various ad-
vanced malignancies.

A potentially far-reaching discovery of
1988, whose implications are still being
worked out, is that of the “leucine zip~r,”
described in the paper by William H.
Landschulz and colleagues, Carnegie Insti-
tution of Washington, Baltimore. They have
found a particular feature of certain proteins
in eukaryotes, characterized by regions of
the molecule with repetitions of the amino
acid leucine. This permits the molecules to
bind to DNA. One feature of the Ieucine
zipper that is still unclear is why these re-
gions have sequences similar to those of
oncogenes such as~is and jun.

Cell Signaling

Peter Angel, UCSD School of Medicine,
another author in the 1987 listing,5 appears
with colleagues in the 1988 compilation for
a paper with 157 citations. They provided
more evidence on how proto-oncogenes are
involved in the transduction of signafs be-
tween cells.

As highlighted last year,~ identification of
the messengers and mechanisms involved in
communication between and within cells
has become a burgeoning research field dur-
ing the last decade. This chain of events
begins when a “first messenger” (hormone
or neurotransmitter) acts on a receptor on
the cell surface and thereby triggers the gen-
eration of a “second messenger” (often
diacylglycerol or inositol tnphosphate) that
initiates the cell’s response. The signal is
amplified in the production of the second
messenger, sometimes through proteins
called signal transducers. In other cases, the
first messenger opens up an “ion charnel,”
and the degree of amplitlcation depends on

the number of ions that flow into the cell
while each channel is open.

One of the highly cited 1987 paper+ was
that in which Shigeo Ohno, Tokyo Metro-
politan Institute of Medical Science, Japan,
and colleagues, working with protein kinase
C (which can k activated in the cell by
diacylglycerol), indicated how a limited
portfolio of signaling substances is able to
generate a wide diversity of messages. lo
The fifth most-cited paper of 1988 (212 ci-
tations) is that in which Yasutomi
Nishizuka, Kobe University School of Med-
icine, Japart, reviews the many different
subspecies in the family of proteins com-
prising protein kinase C. It also indicates
ways in which different kinase play distinct
roles in processing and modulating cellular
responses to external signals. An earlier re-
view on protein kinase C by Nishizukal 1
was the most highly cited life-sciences
paper of 1986, with 296 citations.1~

There were five other high impact reviews
of various aspects of signaling. Steven K.
Hanks, Salk Institute for Biological Studies,
La Jolla, California, surveyed the moleculw
biology of the protein kinase. Ronald M.
Evans, Howard Hughes Medical Institute,
Salk Institute for Biological Studies, was in
third place overall with 246 citations to his
rev iew of the steroid/thyroid hormone re-
ceptor family, which includes receptors for
thyroid hormone and several other sub-
stances. Mark Ptashne, Harvard University,
Cambridge, Massachusetts, reviewed tran-
scriptional activators in eukaryotic cells.
Eva J. Neer, Harvard Medical School, Bos-
ton, and David E. Clapham, Mayo Founda-
tion, Rochester, Minnesota, reviewed the
proteins that couple cell surface receptors
with various ion channels and enzymes,
And Michael B. Spore and Anita B. Rob-
erts, National Cancer Institute, Bethesda,
discussed the eclectic roles of peptide
growth factors.

A paper in the 1987 listings focused on
retinoic-acid—which, like its parent sub-
stance vitamin A, is required for the control
of endotheliaf cell growth and for cellular
differentiation. In this publication, Martin
Petkovich, Nigel J. Brand, and colleagues at
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Tabte 1: The 1988 and 1989 lSI@ rewarch fronts that include at kast tfuce of the most+ited 1988 life-sciences
papera u core dncumenw. A=numtrer of Bibliogmphy papers that are core to each rese+rch front. B=total number of
CORtiuments. C=totai number of citing pa~m publisbed for the year designated by the prefix,

Numb+r
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89-0573

89-0580

89-1013
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89-1398
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Name
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immune divemity, and surface expression
Interleukin-6 receptor expression, human endothelial cells, acute phase

respouse, and differentiation factor
Alzheimer’s dk~. smyloid precursor protein, diffemntkd brain expression,

and resctive aatrcwytes following neummd damage
Tumor suppressor genes, human breast cancer, medulfnry thyroid carcinnma,

molecular mechanisms, and biology of disease
Human immunodeficiency virus, HIV infmtimr. recombinant soluble CD4

receptor. and protein expression via a ris-acting sequence
Sequence specific DNA interaction of the FnaJun prntein complex, early

gene inciuchon, transcription factor AP- 1, and Ieucine zipper domain
Recombinant human gmnutncyte macrnphage cnlony-stimulating- factor,

and hematopnieric rezonatinnion following autologous bone marrow
tmmplanration

Endcthclin stimulates mlcase, rat cardiac membranes, vascular smcmth
muscle nnd systemic vamconsrnctnr peptide

Ryanodine receptor Ca2+:elrasc channel complex of skeletal muscule

‘MICOplmmicEtiCUbIm, calcium regulation, amdmammalian cardiac
ventricular cells

T cell receptor Vp expression, positive selection, and tmnsgenic mice

INSERM’S Molecular Biology and Genetic
Engineering Group in Strasbottrg, France,
reported their identification of the retinoic
acid receptor as a member of the ste-
roid/thyroid receptor family. 13 Petkovich is
now among the coauthors of a highly cited
1988 paper, of which Brand is the first au-
thor, The paper reports the identification of
a second human retinoic acid receptor.

Aizheimer’s Diiease

The 1987 listing~ included a clutch of re-
ports by Rudolph E. ‘hrrzl. Harvard Medical
School, and colleagues.1~ They described
the isolation, cloning. and characterization
of the DNA that codes for amyloid, which is
found in the brains of Alzheirner’s disease
patients. They then used the DNA as a probe
to determine where dre amyloid gene was
expressed in the brains of patients with ei-
ther Alzheimer’s disease or Down’s syn-
drome and to map the gene on chromosome
21. Before the end of 1987. however, Tanzi
and others had shown that the disease did
not seem to segregate together with the sup-
posed amyloid gene in tiected families. Al-
though amyloid was certainly involved in
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4
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4

3

3
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37

55

20
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1,tX)7

761
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871

I ,079

1,692

739

5s7

1,140

573

the condition, the arnyloid gene was not ~lre
Alzheimer’s disease gene.

Of three high impact 1988 papers on
Alzheimer’s disease, two threw light on the
condition from a rather different perspec-
tive, that of the protease inhibitor enzymes
that are now being found to play several
different roles in metabolism. They were au-
thored by Tanzi and colleagues, and by
Nobuya Kitaguchi and coworkers, Asahi
Chemical Industry Company, Limited,
Shizuoka, Japan. Working independently,
they located, within the precursor of the am-
yloid beta-protein, a domain containing a
sequence for a protease inhibitor. The rea-
son for this relationship is still unclear.

Other Highlights

The list included two highly cited papers
on so-called stress proteins. This is a group
of proteins, includktg heat shock proteins,
which are rapidly synthesized when cells
undergo physiochemical stress-of which
heat is one variety. There are three families
of stress proteins. They can be distinguished
according to their molecular weights, but
while some have been isolated and cloned,
their functions are not well understcmd.
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Table 2: The number of authors per paper for the
1988 life-sciences articles most cited m the SC/@ ,
1988-1989.

Number of Number
Authom of

per Paper Papers
23 1
15 1
14 I
12 1
11 6
10 4
9 8
x 5
7 9
6 9
5 12

4 8
3 10
2 18
1 9

The papers by Raymond J. Deshaies, UC,
Berkeley, and colleagues, and by William J.
Chirico and colleagues, Howard Hughes
Medical Institute, The Rockefeller Univer-
sity, New York, together provided the first
biochemical assay for the major heat shock
protein, hsp 70, whose physiological signif-
icance is known with certainty. It is in-
volved in the translocation of proteins
across membranes and thus into mitochon-
dria and the endoplasmic reticulum in the
cell. The group of proteins to which it be-
longs is remarkable in having been con-
served during evolution so that it occurs in
organisms as diverse as humans, the fruit fly
Drosophila, and the bacterium Esdrerichia
coli.

A high impact 1987 paper~ by R.M.J.
Palmer and colleagues at the Wellcome Re-
search Laboratories, Beckenham, UK,
helped to show how endothelial cells react
to mechanical stress, and to various neu-
rohormonal mediators, by releasing sub-
stances that either constrict or widen blood
vessels, 15 They identified one of the most
powerful of the vasodilators as nitric oxide.
A 1988 paper from Palmer and coworkers
(92 citations) demonstrated that nitric oxide
can be synthesized from L-arginine by en-
dothelial cells from the aorta of the pig
when grown in tissue culture. This seems to
be the route through which the nitric oxide
is produced naturally. As the authors ob-

served in The Scientisf, deficiencies in the
synthetic pathway may well contribute to a
variety of diseases, including hypertension
and atherosclerosis, 115One of the coauthors,
Salvador Moncada, has written two Citation
Classic @ commentaries 17.18on earlier pa-
pers,

Complementing these studies on an agent
that causes relaxation of smooth muscle
cells, and thus the dilation of blood vessels,
Masashi Yanagisawa, University of
Tsukuba, Japan, and colleagues reported a
peptide that causes blood vessels to con-
strict. Their paper is the second most cited
of 1988, with 478 citations. It describes the
isolation and cloning of a previously un-
known vasoconstrictor peptide, endothelin,
that is produced by endothelium from pig
aorta cells. hr a second paper, Yanagisawa
and coworkers recorded the structure, syn-
thesis, and biological activity ofendothelin,

Nine US centers and one UK center were
involved in the work reported in a paper on
Duchenne’s and Becker’s muscular dystrm
phy, whose senior author was Eric P, Hoff-
man, Children’s Hospital, Boston. Having
earlier identified the muscular dystrophy
gene and the corresponding protein, dys-
trophin,lg in this paper, they described the
precise basis of several forms of neuromus-
cular disease. Whereas an abnormaJ dys-
trophin was responsible for Becker’s dystro-
phy, severe Duchenne’s dystrophy was
caused by an absence of dyswophin. M.
Koenig and other colleagues of Hoffman at
Children’s Hospital reported the entire pro-
tein sequence of dystrophin in their Cell
paper.

One of the most intriguing reports in the
1988 collection is that in which P.W. In-
gharn of the Imperial Cancer Research Fund
Developmental Biology Unit, Oxford, UK,
threw further light on the mokcukw biology
underlying the development of Drosophila.
American zoologist Thomas Hunt Morgan,
winner of the 1933 Nobel Prize for physiol-
ogy or medicine, introduced the fmit fly
into genetics research in the early years of
this century, because it has only four pairs
of chromosomes and a life cycle of about 14
days. Only recently, however, largely

436



through Ingham’s work, has it become clear
that the molecuirtr and cellular development
of Drosophila is directly related to that of
vertebrate animals.

Research Fronts

Table 1 shows the 10 ISI@’ research fronts
for 1988 and 1989 whose core documents
include at least three of the most-cited 1988
life-sciences papers. Particularly conspicu-
ous, with nine of these papers in the core, is
#89- 1013, “Sequence specific DNA interac-
tion of the Fos jun protein complex, early
gene induction, transcription factor AP-1,
and leucine zipper domain.” This is a reflec-
tion of the growing importance of studies
that are beginning to link cellular communi-
cation and recognition systems with gene
action and carcinogenesis. Certain aspects
of these relationships also are apparent to
one degree or another in three of the four
research fronts that have four papers in the
com---#80007,7, “Interleukin-6 receptor ex-
pression, human endotheiial cells, acute
phase response, and differentiation factor”;
#89-0573, “Tumor suppressor genes, human
breast cancer, meduliary thyroid carcinoma,
molecular mechanisms, and biology of dis-
ease”; and #89-0580, “Human immtrnodefi-
ciency virus, HIV infection, recombinant
soluble CD4 receptor, and protein expres-
sion via a cis-acting sequence.”

Authors

There is only one Nobel laureate in the
list, Daniel Nathans, Johns Hopkins Univer-
sity School of Medicine, who in 1978 won
the medicine prize with Werner Arber, Uni-
versity of Base], Switzerland, and Hamilton
O. Smith, also at Johns Hopkins, for work
on enzymes used in producing recombinant
DNA. The paper by Kevin Ryder, Lester F.
Lau, and Nathans, Johns Hopkins Univer-
sity School of Medicine, related an
oncogene to a gene activated by growth fac-
tors.

Seven scientists shared the honors as the
most prolific authors of highly cited papers,
with three papers each in the 1988 listing.

Table 3: Tbe 20 joumsfs thst pubtished the papers
tisted in the Bibliography. 7hc numbers in ptuen-
theses are the 1989 impact factors for the journals.
(he 1989 impact factor equats the numha of 1989
citations received by the 1987-1988 aticles in a jour-
nal divided by the number of articles pubJisbed by
the jwrnal durin8 that same period.) Data wem taken
timm the 1989 JCR @.The figures al the right indi-
cate how many papers fmm each journal appear in
the Bibliogmphy.

Number

Journal
of

Papers
Nsture (18.1) 37
Science ( 18,3) 18
Cell (25,2) 12
N. Engl. J. Med. (22.0) 8
Pmc. Nst, Acad. Sci, USA (10.0) 4
Immunol. Today ( 18,3) 3
J. Biol, Chem. (6,6) 3
Annu. Rev. Biochem. (64.0) 2
Annu. Rev, Immunol, (25. I) 2
J. Immund. (7.3) 2
f.ancet ( 14.4) 2
Biochem. Blophys. Res. Commun. (3.2) 1
Brit. Med. J. (3.3) 1
C&A Cancer J. Clin. (4.7) 1
EMBO J, ( 11.9) 1
FASEB J. ( 18.3) 1
FEBS Lat. (3.7) 1
Gastmentemlngy (6.3) I
Gene. Develop. (10,7) 1
J, Exp, Med. (1 1.8) 1

The authors included three oncogene inves-
tigators, Tony Hunter, Srdk Institute for Bio-
logical Sciences, and Rauscher and Tom
Curran, R.w!w Institute of Molecular Biol-
ogy. Toshio Hirano and Tadamitsu
Kishimoto, Osaka University, Japan, coau-
thored papers on the immune system. And
Tomoh Masaki, University of Tsukaba, and
Yanagisawa contributed three papers on var-
ious agpects of endothelin.

Last year’s most prolific author, Robert
Tjian, UC, Berkeley, who coauthored five
papers on cell signaling and transcription
factors, had two papers on this year’s list.
The average number of authors per paper
(Table 2) was 5.5, down from 5.7 in 1987
and 6.0 in 1986.

Journals, Countries, and institutions

Nature and Science again account for
about half of the papers (Table 3). But both
ioumals were more widely cited in the liter-
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Table 4: National locations of the institutional afiiliatkmslisted by authors in theBibliography, according [o total
papers (column .41. B=mrmber of papers coauthored with researchers atTJiated with institutions in other countries.
C=natmmrl locations of institutions hwd by coauthors

Country
1Is

UK

Japan
Switzerland
France
FRG
The Netherkmds
Belgtum

Canada
Israel
Austratm
tkrrmlrk
GDR
Italy
Kenya
Tmzanm

A
76

14

10

7
4

‘J

4
~

~

~

1

I

1
I

i

I

B
14

6

2
6
3

3

3
~

c
Auwrd IL Belgium. Carurch France, FRG, Japan, Kenya. lle Nerherlmds.

Switzerland, TanzaniA UK
Belgium, Canada, Denmark, France. FRG, CDR. The Netherlands, Switzerhrmi,

us
us
Belgium, Canada, FRG, Italy, Kenya, Tanzania, UK, US
Belgium, FRG. CDR. The Netherlands, UK, US
Belgium, fiance, GDR, TJre Netherlands, Switzerland, LTK,US
Belgmm, France, FRG, GDR, IsEA, UK, US
Canada, France. FRG. GDR, Kenya. Ilre Netherlands, Switzerland, Tanzania,

f_lK,KS

Belgium, Kenya, Swi!zertand, Tanzania, US, UK
The ?4ethedamds
us
UK

Belgium, Fmnce, FRG, lle Netherlands, UK
Switzerland
Belgmm, Canda, SwItzerland, Tanzania, US
Belgium, Canada, Kenya, Switzerland, US

ature than in the previous year. Nature’s
“impact factor” (an overall measure of the
degree to which papers in a particular jour-
nal are cited) was 18.1, compared with 15.8
in the previous year. The figure for Science
rose from 16,3 to 18.3, Cell, the Ne~ .%
gland Journal of Medicine, and the Pro-
ceedings of the National Academy of Sci-
ences remain in third, fourth, and fifth
places for the second year running. Next in
order is Immunology Today-one of
Elsevier’s “Trends” stable—which did not

aPfJeaJ’at all in last year’s listing but now
shows an impact factor of 18.3, comparable
with those of Nature and Science. Other pe-
riodicals not on last year’s list include the
British Medical Journal and the Journal of
Immunology Genes and De\e[opment and
the FASEB Journal make their inaugural ap-
pearance. The Biochemical Journa/ fails to
appear for the fist time since 1982.

In last year’s review,s we commented on
the decline in the US national tally of pa-
pers, from 94 out of 103 to 82 out of 101,
and the rise in the UK entries to 11 from 6.5
This trend has continued (Table 4), with the
US tally falling to 76 and that of the UK
rising to 14. Japan has risen from fourth to
third place with a score of 10, but in fourth
position, with a score of 7, is Switzerkmd,

which did not appear at all in the previous
year. This reflects the major importance of
immunological research being conducted at
the Basel Institute for Immunology and
other Swiss laboratories. Tanzania makes its
first appearance in this annual review of
life-sciences publications; Fred S. Mhalu,
Muhimbiii Medical Center, University of
Dar es Salaam, Tanzania, is a coauthor of
“AIDS: an international perspective” (first
author Piot), published in Science,

Of the 123 institutions represented on the
list, the most prolific were Harvard (Medi-
cal School and University) with 17 papers,
the University of California (Berkeley, San
Diego, San Francisco, and Davis) with 12
papers, and the Nationaf Institutes of Health
with 11 papers. Sixteen papers were au-
thored by departments with funding from
the Howard Hughes Medical Institute.

Conclusion

The listing of most-cited life-sciences pa-
pers of 1988 provides a remarkably sharp
snapshot of the prevailing paradigms of bio-
logical reseirch, centered around the molec-
ular biology of the immune system, cancer,
and cell signaling. As with the previous
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year’s review, it contradicts the common
view that methods papers emerge unduly
strongly when publishing activity is exan-
ined by citation analysis. At the same time,
the remarkably high score of 823 citations
for the paper by Saiki and colleagues on the
polymerase chain reaction reflects and high-
lights the far-reaching impotice of a labo-
ratory technique that certainly has trans-
formed many different fields and activities
within the life sciences.

Finally, another strikhg feature of this
survey is that no less than 27 of the top 102
papm are reviews of one sort or another.
These range widely, from AIDS to embry-
onic development, but the two largest

,

groups were cell signaling (eight reviews)
and immunology (seven reviews). Eugene
Gartie]d has commented on the consider-
able importance of well-timed, insightful re-
viewing as a creative strand within the sci-
entific enterprise.j~ The 1988 analysis
confirms this view and suggests that perti-
nent reviewing may well be an activity of
growing importance.

+****

The author wishes to thank Dr. Chris
Langley of ihe Ciba Foundation, Lonalxt,
for help with Iibrary facilities during the
preparation of this essay,
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