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This essay continues a series begun over
a decade ago: our armual study of the most-
cited papers in the life sciences. 1-11In this
installment, Bernard Dixon, former editor
of New Scientist and currently contributing
editor to Biotechnology, examines the
most-cited papers published in 1987, listed
in the Bibliography at the end of this essay.
Dixon has contributed previously to these
pages—most recently last year, when he re-
viewed the 102 most-cited life-sciences
papers from the 1945-1954 Science Citation
Indexm cumulation. 12

Although, as in past studies, we evaluate
and rank these papers based on two years’
worth of citations (1987 and 1988, in this
case), we have included data on 1989 cita-
tions in the Bibliography. Thus, it is possi-
ble to gauge the continuing impact of these
1987 papers.

As Dixon observes, this analysis demon-
s~ates how the metheds and concepts of mo-
lecular biology have come to pervade the life
sciences as a whole. Also of note is the com-

paratively modest showing by methods
papers. Such papers, as we’ve noted pre-
viously, are often heavily represented in lists
of most-cited papers. Among the papers
identified for this study, those discussing
techniques were confined to a relative
few—which is not to say that their influence
wasn’t far-reaching. Dixon also discusses in-
stances where a high level of citations in the
two years following publication seemed to
denote repudiation, rather than acceptance,
of initial findings, as researchers sought to
reiine and improve investigation and theory.
This occurred with papers discussing
Alzheimer’s disease, cystic fibrosis, and
manic-depressive illness. Such patterns, as
Dixon concludes, illuminate the “social ac-
tivity” at the heart of the scientific process.

*****

My thatk to Judith E. Schaeffer for her
help in the preparation of this essay.
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CelI Signaling, the Immune Response, the Genetic Basis of
Cancer, and Efforts to Pinpoint the Genes for Alzheirner’s
Dkase, Cystic Fibrosis, and Manic-Depressive Illness Are

Highlighted in 1987 Life-Sciences Research

Bernard Dixon
130 Cornwall Road

Ruislip Manor
Middlesex HA4 6AW

United Kingdom

At leasta quarterof the 101most-cited1987papersweredevotedto variousaspxs of conunuttica-
tionbetweencelfsandthetranslationof suchsignatsintometabolicactivity,Inadditionto thisburgeoning
researchfield, the 1987Ming wasnotablefor includingpaperson theputativegenesfor Alzheimer’s
disease, cystic fibrosis,and manic-depressiveillness. These were heavilycited in part beeausethe
claims were subsequentlyinvalidatedto some degree. The US tally of papers has declined, while
the UK share has risen sharply.

The most striking attribute of the life sci-
ences today is the way in which methods
such as gene mapping and cloning, derived
from the molecular biology revolution of the
1960s and 1970s, are now transforming the
entire spectrum of life sciences, from im-
munology to neuroscience, from medical
diagnostics and screening to cancer re-
search. This is clearly illustrated by the 12th
annual compilation of most-cited life-sci-
ences papers, identified through the ISI@
database. The 101 top papers of 1987 con-
fm that not only the techniques but also the
concepts of molecular biology now form the
central axis for biological research.

Although key areas such as cell signaling
emerge forcibly from this study, by sheer
weight of numbers, several other highlights
of the year concern claims in highly com-
petitive sectors of medical science in which
the original hopes were not fulfdled.

Cell Signaling

One of the most phrenetic research fields
in recent years has been the identification
of the messengers and mechanisms involved
in cornrrstrtsicationbetween and within cells.
This is reflected in four of the top seven
most-cited papers and in at least a quarter
of the top 101 communications (several
others touch on the subjeet). All address dif-
ferent aspects of a chain of events that begins

with a <‘first messenger” (hormone or
neurotransmitter) acting on a receptor on the
surface of a cell and triggering the genera-
tion of a “second messenger” that sets the
cell’s response in motion. The signal is
amplified in the production of the second
messenger, often by means of art interme-
diate group of proteins called signrd trans-
ducers. In other cases the first messenger
works by opening up an’ ‘ion channel, ” and
the degree of amplification depends on the
number of ions that flow into the cell while
each channel is open.

The most-cited paper, with over 280 ci-
tations, is that in which Alfred G. Gilmart,
Department of Pharmacology, University of
Texas Health Science Center, Dallas, re-
viewed one group of signal transducers, the
G proteins, and proposed a tighter defini-
tion than had been possible hitherto. Another
review, by Michael J. Berridge, Unit of In-
vertebrate Physiology and Pharmacology,
Agricultural and Foal Research Council,
Cambridge, UK, was the fifth most-cited
paper. He discussed ways in which the two
principal second messengers, diacylglycerol
and inositol trisphosphate, interact with each
other in regulating many different types of
cells. Last year Berridge authored a CirQ-
firm Classic@essay on a 1975 paper on sec-
ond messengers. 1

Eleven papers were devoted to ion chan-
nels, although the systems under study
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varied widely. For example, J. Hescheler,
Saar University, Federal Republic of Ger-
many (FRG), and coworkers investigated
the opiate receptor and extended ou under-
standing of the way in which opioid peptides
and opiates inhibit the release of neurotrans-
mitters in nerve cells. Tsutomu ‘Rmabe,
Kyoto University Faculty of Medicine,
Japan, and coworkers reported the cloning
of the receptor in rabbit skeletal muscle for
dihydropyridine, which may act as a calcium
ion channel involved in muscle contraction.
And in a notable case of “dogma dis-
proved,” Diomedes E. Logothetis, Harvard
Medical School, and colleagues showed that
the “wrong” subunit regulated potassium
channels in heart cells. Together with the
paper by Atsuko Yatani et al., Baylor Col-
lege of Medicine, Houston, Texas, this was
an important advance in our understanding
of the molecular basis of the regulation of
heart rate.

A particularly intriguing question was ad-
dressed in the paper by Shigeo Ohno, Tokyo
Metropolitan Institute of Medical Science,
Japan, and colleagues. On the basis of stud-
ies with protein kinase C (which can be ac-
tivated in the cell by diacylglycerol) they
helped to show how a limited portfolio of
signaling substances can generate such a
wide diversity of messages.

Peter Angel, Institute for Genetics, Uni-
versity of Karlsruhe, FRG, and colleagues
studied signaling of a different sort. They
helped to uncover the complex chain of
events by which tetradecanoyl-phorbol-
acetate, a potent tumor inducer that poten-
tates the effect of subcarcinogenic doses of
carcinogen, affects gene transcription in the
cell.

Work at INSERM’S Molecular Biology
and Genetic Engineering Group in Stras-
bourg, France, focused on retinoic acid—
which, like its parent substance vitamin A,
is required for the control of endothelial ceil
growth and for cellular differentiation.
Martin Petkovich, Nigel J. Brand, Andt@e
Krust, and Pierre Chambon reported their
identification of the retinoic acid receptor
as a member of the steroid/thyroid recep-
tor family.

Cell Adhesion

The second-ranking paper, with approx-
imately 250 citations, is that in which
Richard O. Hynes, Massachusetts Institute
of Technology (MIT), Cambridge, surveyed
our rapidly evolving picture of the way in
which cells adhere together and migrate
through the extracellular matrix. Investiga-
tions into these processes and into phenom-
ena such as thrombosis have revealed close
similarities between receptors for matrix
proteins on cell surfaces, glycoproteins on
platelets (which play a key role in throm-
bosis), and surface components of Iymphoid
cells. Thk has led to the recognition of a
new family of cell surface receptors called
integrins. They interact with matrix proteins
and other cells, participating not only in
adhesion but also in thrombosis, wound
healing, and immune defense mechanisms.

In their paper, Erkki Ruoslahti and
Michael D. Pierschbacher, Cancer Research
Foundation, La Jolla, California, dkcussed
the structures of matrix proteins, their re-
ceptors in normal and abnormal cells, and
the tripeptide arginine-glycirte-aspartic acid,
which many of them contain and which
plays a key role in adhesion. A new’ ‘super-
vene” family of adhesion proteins was de-
fined in the report by Takashi K. Kishimoto
and coworkers at the Dana-Farber Cancer
Institute, Boston, Massachusetts.

The Immune Response

The adhesion of cells is aiso important
when an animal defends itself against infec-
tion-for example, when a T lymphocyte at-
tacks an invading bacterium. ‘Thepaper by
Kishimoto and that by Timothy A. Springer
er al., also of the Dana-Farber Cancer In-
stitute, deal with interactions between lym-
phocyte receptors and proteins outside the
cell. In turn they fall into a group of 23
papers rdl covering some aspect of the im-
mune response. Four of these are specifi-
cally concerned with T-celi receptors. Par-
ticularly noteworthy are the papers, pub-
lished in the same issue of Nawe, in which
Jamie Borst, The Netherlands Cancer In-
stitute, Amsterdam, and colleagues and
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Michael B. Brenner, Dana-Farber Cancer
Institute, with colleagues made an impor-
tant advance in understanding the structural
basis of immune recognition-an advance
that could also have practical vrdue. They
definitively identified several T-cell recep-
tors that differed fundamentally from what
can now be termed the “classical” recep-
tors reported three years earlier. Although
representing under 5 percent of T-cell re-
ceptors in the cells in peripheral blood, the
newly identified receptors have a broader
specificity.

These receptors also differ in apparently
not being prevented from recognizing anti-
gens unless they are associated with the ma-
jor histocompatibility complex (MHC) on
tie surface of cells. In two other highly cited
papers, P.J. Bjorkman, Department of Bio-
chemistry and Molecular Biology, Harvard
University, and coworkers reported the
three-dimensional structure of the binding
site of the MHC molecule HLA-A2. Thk-
teen years afler the first discovery of MHC-
restricted recognition, this helped immunol-
ogists to begin to comprehend the structural
basis of key events in the immune response.

Soren Buus and a team at the National
Jewish Center for Immunology and Respi-
ratory Medicine, Denver, Colorado, re-
ported studies on MHC restriction that shed
further light on the central problem of im-
munology—how the body can manufacture
specific antibodies to match an imlnite num-
ber of different antigens, yet not attack
“self.” This theme was developed in an as-
sociated paper by Jean-Gerard Guillet, De-
partment of Biology, MIT; Buus; and co-
workers. John W. Kappler, also at the Na-
tional Jewish Center for Immunology and
Respiratory Medicine, and others showed
how. animals become tolerant to “self-
MHC” because certain lines of T cells are
eliminated during their maturation in the
thymtrs gland-rather than (as proposed pre-
viously) because activation of these clones
had been prevented.

Bruce Beutler and Anthony Cerarni, Lab-
oratory of Medical Biochemistry, The
Rockefeller University, New York, and
University of Texas Health Science Center,

Bernard Dkon

logged only 13 less citations than their 1986
score of 1812 for a paper in which they re-
viewed our knowledge of cachectin. Origi-
nally discovered during research into
cachexia (the wasting and emaciation seen
in some cancer patients), this substance is
now known to have many other actions, in-
cluding the eliciting of shock and hemor-
rhagic necrosis. Another highly cited review
was that in which Steven C. Clark and
Robert Kamen, Genetics Institute, Inc.,
Cambridge, Massachusetts, discussed
granulocyte colony-stimulating factor,
microphage colony-stimulating factor,
grarndocyte-microphage colony-stimulating
factor, and interleukin-3. The genes for
these factors have all been cloned in recent
years, leading to large-scale production by
recombinant DNA technology. Clinical ap-
plications are now emerging.

AIDS and Human hnrmutodefickncy
Vhws

Nine papers were specifically devoted to
AIDS and its virus(es). Mireille Guyader
and colleagues (including Luc Montagnier,
rediscoverer of the human immunodeficien-

CY‘]ms [HfVl) at the Pasteur Institute,
Par~s, France, reported the nucleotide se-
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quence of HIV-2, which is associated with
AIDS in Africa. Although biologically simi-
lar to HIV-1, commonly found in AIDS
cases in Western countries, the two organ-
isms proved to be evolutionarily distinct. It
smms that both viruses existed long before
the present epidemic,

Gary Nabel and 1975 Nobel laureate
David Baltimore, Whitehead Institute for
Biomedical Research, MIT, reported on the
expression of HIV in T lymphocytes.
B. Frank Polk, Johns Hopkins University
School of Medicine, Baltimore, Maryland,
and colleagues at six other US centers de-
scribed markers (such as deacased numbers
of T helper lymphocytes) that are signif-
icantly linked with progression from HIV
infection to AIDS proper. Likewise,
Jonathan N. Weber, Chester Beatty Labo-
ratories, Institute of Cancer Research,
London, with collaborators at four UK in-
stitutions, monitored the development of the
disease in relation to changing antibody
levels.

The most-cited AIDS paper (with over
140 citations) was rhat in which Margaret
A. Fischl, University of Miami School of
Medicine, Florida, and colleagues (includ-
ing members of the AZT CoUaborative
Working Group) reported a double-blind
placebo+ontrolled trial showing that the ad-
ministration of azidothymidine (AZT) de-
creased mortality and opportunistic infec-
tions in some patients with AIDS or AIDS-
related complex, at least in the short term.
Fischl was also the first-named author of a
paper on contacts and partners of AIDS pa-
tients. But the second most-cited AIDS
paper, printed in the same issue of the New
England Jourrud of Medicine, was that in
which essentially the same team (with
Douglas D. Richman, University of Cali-
fornia, San Diego ~CSD], as first-named
author) showed that, while some patients
tolerated AZT well, the drug should be ad-
ministered with caution because of its toxic
effects.

The other AJDS papers were a review of
means of attacking the virus, by Hiroaki
Mitsuya and Samuel Broder, National Can-
cer Institute (NCI), Bethesda, Maryland,

and a report on the use of genetically en-
gineered human grantdocyte-microphage
colony-stimulating factor to restore white
bkxxl cell counts in AIDS patients, by
Jerome E. Groopman, New England Dea-
coness Hospital, Boston, and colleagues.

The Genetic Basis of Cancer

The third most highly cited paper of 1987,
with 230 citations, was that in which 1989
Nobel laureate J. Michael Bishop, Univer-
sity of California Medical Schcol, San Fran-
cisco (UCSF), reviewed our evolving
knowledge of the origin of cancer in cellular
DNA—a field in which he has made many
major contributions. Bishop focused hugely
on oncogenes, which seem to be required
for normal growth and development but
which have the potential to cause malignan-
cy. A paper by Johannes L. Bos, Depart-
ment of Medical Biochemistry, State
Universi~ of Leiden, The Netherlands, and
coworkers showed that mutations of ras
genes (also reviewed in the paper by
Mariano Barbacid, Developmental On-
cology Section, Frederick Cancer Research
Facility, Maryland) were present in over a
third of human colorectal tumors, usually
occurring before the appearance of cancer.

Amplification of another oncogene was
linked to relatively rapid relapse of primary
breast cancer, and shorter survival times, in
a paper by Dennis J. Slamon and a team
from the University of Cdtfomia School of
Medicine, Los Angeles (UCLA). The
papers of Dirk Bohmam, Department of
Biochemistry, UCLA, et al.; Kathleen For-
rester, Department of Biochemistry, State
University of New York, Stony Brook, et
al.; and E. Solomon, Somatic Cell Genetics
Laboratory, Imperial Cancer Research
Fund, London, et al., describe other gene
changes associated with malignancy.

In their report from the Department of
Pathology, UCSD, Wen-Hwa Lee and col-
laborators described the identification, clon-
ing, and sequencing of the putative gene for
retinoblastoma, a condhion in which tumors
grow in the eyes of children. Their work
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provides a framework for studying other re-
cessive genetic mechanisms in human crm-
cers.

Two papers dealt with advances in cancex
treatment. In the fourth-placed paper (ovel
210 citations), Steven A. Rosenberg and a
team at NCI described the use of an immune
modulator, interleukin-2, in patients with ad-
vanced kidney, lung, or other cancers that
were metastasizing to other parts of the body
and could not otherwise be treated. Lym-
phocytes were taken from patients, incu-
bated with interleukin-2, and the resulting
‘‘Iymphokine-activated killer cells” rein-
fused, together with interleukin-2, back into
the patients. Of 106 subjects, eight re-
sponded completely (measurable tumor dis-
appearing totally). Another 15 responded
partially, and 10 to a lesser degree. Con-
currently, William H. West and colleagues
at the Biological Therapy Institute, Mem-
phis, Tennessee, reported that interleukin-2
administered as a continual infission to treat
kidney, colon, and other cancers was as ef-
fective as, but more comfortable for the pa-
tient than, earlier methods of giving the
drug.

Mzheimer’s Disense

Four papers with over 130 citations each
focused on Alzheimer’s disease (formerly
known as senile dementia). Jie Kang, Insti-
tute for Genetics, University of Cologne,
FRG, and colleagues pinpointed the gene re-
sponsible for the A4 PO]ypeptide that occurs
in the amyloid plaques seen in the brain in
patients with this disease. Interestingly, they
located the gene on chromosome 2 l–the
one that causes Down’s syndrome when it
is present in triplicate.

These findings were extended in a paper
from the National Institute of Neurological
and Corrummicative Disorders and Stroke,
NH. Dmitry Goldgaber was first-named au-
thor and the other signatories included
D. Carleton Gajdusek, Nobel Prize winner
in 1976 for his work on the transmission of
kuru among the Fore people in New Guinea.
“This paper and another by Rudolph E.
Tanzi, Harvard Medical School, and col-

leagues described the isolation, cloning, and
characterization of the DNA that codes for
amyloid.

In the fourth paper, with Tanzi as second-
named author, Peter H. St George-Hyslop,
Harvard Medical School, with US, Italian,
French, and German collaborators used the
DNA to determine where the amyloid gene
was expressed in the brains of Alzheimer’s
disease and Down’s syndrome patients and
to map the gene on chromosome 21.

But suspicions that the amyloid gene was
rhe Alzheimer’s disease gene proved to be
very short-lived. Before the end of 1987,
papers appeared by the Tanzi and St George-
Hyslop groups,s.q and by researchers at the
University of Antwerp, Belgium,j showing
that the disease did not seem to segregate
together with the amyloid gene in affected
families. Although certainly involved in the
condition, the amyloid gene was’ ‘the wrong
gene in the right place at the right time.’ ‘c
One reason for the high ratings of the four
earlier papers, therefore, was that they were
cited in these and other reports that in ef-
fect repudiated the implications of the pre-
vious findings and set them in perspective.

Cystic Fibrosis

A similar “near miss” registered by a
heavily cited paper of 1987 was the an-
nouncement by Xavier Estivill and other
members of Bob Williamson’s team at St.
Mary’s Hospital Medical School, London,
~fa candidate for the gene that causes cystic
fibrosis (CF). They had cloned and charac-
terized a DNA sequence very close to the
SF locus on chromosome 7. But within a
?ewmonths, it became clear that this was
lot the actual gene responsible for the dis-
;ase. That was pinpointed over two years
ater, in September 1989, by researchers at
he University of Toronto, Ontario, Canada;
he Hospital for Sick Children, Toronto; the
%derick Cancer Research Facility; and the
Universityof Michigan, Ann Arbor.7 Iden-
ification of the gene has led to the develop-
mentof DNA probes for screening carriers,
Ithough these are not yet capable of detect-
ng 100 percent of carriers because some
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mutations in the gene remain to be charac-
terized.

MaNc Depression

A third “breakthrough” of 1987 that sub-
sequently turned out to have been prema-
ture was an apparent demonstration of the
genetic basis of a mental illness by Janice
A. Egehmd, University of Miami School of
Medicine, and colleagues. They published
strong supporting evidence for their claim
of two years previously that manic-depres-
sive disease among the Old Order Amish of
Pennsylvania was traceable to a single dom-
inant gene on the short arm of chromosome,
11, which conferred a strong predisposition
to this condition.

But this was indirect evidence. The gene
concerned was not positively identified, but
implicated because it seemed to b coinher-
ited with two marker genes (the insulin gene
and the Harvey-ras-oncogene). The argu-
ment therefore hung on a statistical calcu-
lation of the unlikelihood of thk coinhai-

tance occurring by chance. Since then, two
individuals in the original Amkh pedigree
have developed manic depression in the ab-
sence of the supposed markers, while a lack
of linkage has been reported in other
branches of the pedigree.g Perhaps two
genes are at work. Perhaps the original im-
plication of a gene on chromosome 11 was
a result of pure chance. Time will tell.

Other HigMigMs

In their sixth-placed paper, Tom Maniatis,
Stephen Goodboum, and Janice A. Fischer,
Department of Biochemistry and Molecular
Biology, Harvard University, reviewed their
work in identifying and characterizing cer-
tain DNA sexpences required for gene reg-
ulation in eukaryotic cells. Maniatis also
coauthored a paper with Robin Reed, also
of Harvard’s Department of Biochemistry
and Molecular Biology, describing a class
of short RNA moIecules, complexed with
protein, that are found in the nuclei of higher
eukaryotic cells atxl form part of the machin-
ery whereby RNA transcripts are processed

into their functional form. This work should
further our understanding of how specific
genes are expressed at different times, in
particular tissues, and in response to in-
ducers from outside the cell.

Applications of molecular biology were
recorded in several other papers. Joseph W.
Eschbach, Department of Medicine, Urti-
versity of Washington, Seatde, showed that
human erythropoietin made by recombinant
DNA technology corrects the anemia asso-
ciated with chronic kidney failure and can
eliminate the need for blood transfusions in
patients undergoing hemodialysis. Very re-
cently, the same drug has been found to be
highly effective in treating porphyria cutanea
tarda in long-term dialysis patients, too. g

Judah Folkmrmand Michael Klagsbrun of
Children’s Hospitrd, Boston, and Harvard
Medical School, surveyed the “hot” field
of angiogenesis. This is the formation of
new capillmy blocd vessels, a phenomenon
that accompanies wound healing, ovulation,
tumor growth, and many other normal and
pathologicrd processes. The isolation of
‘‘angiogenic factors” and the cloning of the
appropriate genes, as reported in this paper,
should lead to an understanding of how the
process is normally kept under control.

In their paper R.M.J. Palmer and collab-
orators at the Wellcome Research Labora-
tories, Beckenham, UK, seem to have
solved the long-standing problem of how en-
dothelial cells react to mechanical stress, and
to various neurohormonal mediators, by re-
leasing substances that help to either con-
strict or widen blood vessels. They identified
one of the most powerful of these sub-
stances, formerly called endothelium-de-
rived relaxing factors, as nitric acid. Salva-
dor Moncada, one of Palmer’s coauthors,
has written two Citation Classics essays on
earlier highly cited papers. 10,11

A marked improvement in two Parkin-
son’s disease patients following the grafting
into the brain of doprnnine-producing tissue
taken from the patients’ own adrenal glands
was amounted in the report by Ignacio
Madrazo and a team at the National Auton-
omous University of Mexico, Mexico City.
More recently, doubts have been expressed
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Table 1: The 1987 and 198S Mm research fronts that include at least thr~ of the mnst-citezi 1987 life-sciences
papers as mm dncwncnts. A =rrumker of Bibliogmpfry papsrs that are core tn each maemch front. B=totsl number
of core documents. C = total number of citing papers published for the year designsted by the prefix.

Number Name ABC

87-0926

87-6630

88-0256

88-0412

88-0556

88-0877

88-0963

88-1020

88-ILMI

88-1259

88-1514

Neuritic plaque smyloid tibrils in Afzheimer’s diseaac, distal end of mouse
cfuomosnme 16, and anti-beta protein monnclonaf-antiborfy

K+ channels, grsarsine nuckutide-bkiing regulatory proteins, muscarink receptor
mediated stimulation, perrussis toxin, cell cakium, and brain membranes

Gamma-delta T-cell receptor genes in human T+ell precursors, somatic generation
of immune diversity (Nobel lecture), and surface expression

Gusnirre nuclwtidc-birrding regulatory subunits, ion drarrrrels, and
imrmmncytocfremicas Inalization

T+ell activation, mafaria circwn.spnrrrzoite protein, antigen processing, synthetic
peptide-based vaccine, and MHC molecules in detamrimmt selection

Larnirdn receptors, iotegrin famify, extracellular-matrix proteins, sequence
homology, human lymphocyte-T activation, and sites of rrsnsmemhrane
interaction

Senile plaques in Alzheirner’s disease, cerebral amyloid sngiopatlry, precursor
protein, and differential expression

Proto-oncogerre Yos tmnscription, common tram-acting factor, mouse fibroblasts,
expression of the SV40 promoter, in virro activation, and phorbol ester

Excitatory amino-acid receptors, n-methyl-d-aspa.rtste responses of mouse central
neurons, NMDA arrtagoniats, and rat retinal ganglion ceils in vitr’o

Glucncorticoid receptor DNA-binding domain, trarrscripriorral activation of the rat
prolactin gene, and avian erytfrroblastosis virus v-erb-A oncogerre

Human inmnmodeficierrcy vims type-l, anti-HIV activity, antiviral agents, and
3’-szido-3’ deoxythymidirre (AZT)

4 20 335

3369

8 51 1,007

4 29 892

4 37 805

3 52 1,492

4 49 1,046

5 32 1,225

4 39 705

3 40 1,193

326404

about the long-term benefit8 of this therapy
in the majority of patients. 12

Research Fronts

Table 1 shows the 11 1S1research fronts
for 1987and 1988whose’ ‘core documents”
include at least three of the most-cited 1987
life-sciences papers. Particularly conspic-
UOUS,with eight of these papers in the core,
is #88-0256, “Gamma-delta T-cell recep-
tor genes in human T-cell precursors, so-
matic generation of immune diversity (Nobel
lecture), and surface expression. ” This re-
flects the relationship between research into
two topics discussed above-T-lymphocyte
receptors and the capacity of the body to
generate an intitite number of different an-
tibodies following exposure to foreign an-
tigens. T-cell research figures in two other
fronts. It is linked with malarial parasites,
MHC, and synthetic peptide vaccines in
#88-0556, and with integrins and intracel-
lular proteins in #88-0877. Two research
fronts, #87-6630 and #88-0412, deal with
ion channels, while #87-0926 and #884963
both embrace papers on the amyloid plaques

seen in the brains of patients with
Alzheimer’s disease.

Authors

For five years in succession, 1982-1986
inclusive, AIDS researcher Robert C. GaUo,
Laboratory of Tumor Cell Biology, NCI,
was the coauthor with more papers to his

Table 2 The number of authors per paper for the
1987 life-sciences articles most cited in the SCl@,
1987-1988,

Nrrsnber of
Authors

per Paper

22
14
13
12
11
10
9
0
7
6
5
4
3
2
1

of
Papsm

1
2
3
1
3
3
3
8
6

10
11
10
5

20
15
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credit in this series than any other author.
His name appeared on five of the 1986
papers reviewed in 1988.’2Gallo does not
figure in the 1987 listing, in which the most
prolific author is Robert Tjian, University
of California, Berkeley. Tjian coauthored
five papers on various aspects of cell sig-
naling and transcription factors-those first-
atrthored by UCLA’s Bohmann and other
University of California, Berkeley, col-
leagues Katherine A, Jones, Wes Lee (two
papers), and Pamela J. Mitchell.

There were three Nobelists-Baltimore,
Bishop, and Gajdusek, each of whose work
is discussed earlier. Wisen Bishop was
honored last year with Harold E. Varmus,
UCSF, former colleague Dominique St&he-
lin, now director of research, Nadctrral &i-

entitic Research Center, Line, France, com-
plained that he should have shared the prize,
and the controversy still continues. 13,14
Beutler and Cerarni appeared in the list for
the second year in succession, on both oc-
casions as authors of a paper on cachextin.
Another pairing in each of the two years was
that of Mitsuya and Broder.

The number of authors per paper
(Table 2) averaged at 5.7. This is down
slightly from 1988’s 6.0 for 1986 papers,
although that figure was skewed by the 77
names attached to one paper on the genetic
basis of Becker and Duchenne muscular dys-
trophy. With this anomaly removed, the
1986 average was 5.4. Incidentally, the
names of three of those 77 authors appeared
on the 1987 paper by M. Koenig and col-
leagues, Harvard Medical. School, that de-
scribed the cloning of Duchenne muscular
dystrophy DNA.

Journals, Countries, and Institutions

As usual, Nature and Science account for
about half of the papers (Table 3). In the
case of Science, there has been a significant
increase in the journal’s’ ‘impact factor’ ‘—a
measure of the degree to which pa~rs in
a particular journal are cited in the literature.
While the rating for Nature has risen from
15.3 to 15.8, Science’s figure has gone up
from 12.4 to 16.3. Cell and the New

Table 3: The 22 journals thst pubSahetf the pspers
Sated br the Bibliography. The numbers in
parentheses are the 1988 impact factors for the
jnurnrds. (The 1988 impact factor equala the number
nf 1988 citations received by the 1986-1987 articles
irr a journal divided by the number of articles published
by the journal during that same period.) Data were
taken from the 1988 JCR@. The figures at the right
indicate how many papers from each journal appear
in the Bibliography.

Number

Journal
of

Papera

Nature (15,8) 31
Science (16.3) 20
Cell (23.9) 13
N. Engl, J. Med. (21.1) 10
Prcm, Nat, Acad. Sci. USA (10.0) 5
Amu. Rev. Binchem. (48.3) 3
JAMA–J. Am. Med. Assn. (5.3) 2
J. Biol, Chem. (6.5) 2
J, f?xp, Med. (11,8) 2
Anal. Biochem. (2.4) 1
Arrmr. Rev. Jmmunol. (25,4) 1
Binchem. J, (3.9) 1
Ca-A Cancer J. Clin. (4.9) 1
DNA–J. Molec. Cell. Biol, (5.1) 1
J. Clin. Invest. (7.6) 1
Lab. Invest. (5. 1) 1
Lancet (14.5) 1
Microhiol. Rev. (16.3) 1
Mol. Cell. Endocrinol. (2.9) 1
Nucl, Acid. Res. (4.3) 1
Prog. Neurohiol. (9.1) 1
Trends Bimhem. Sci. (7.9) I

EngkzndJoumal of Medicine remain in third
and fourth places, res~ctively. But the
Journal of Experimental Medicine, which
appeared in fttlh place in 1988 with four
1986 papers (all on tumor necrosis factor),
has returned to a lower position with just two
papers.

One surprise is the performance of
Luncet, which has only one paper in the
listing, compared with four in 1988. In the
past, Lancet has fared well in citation
studies-for example, an analysis by Jean
G. Shaw, Clinical Sciences Library, Univer-
sity of Leicester, UK, showed that in 1977
it had an impact factor of 8.6, compared
with 2.6 for the Journal of the Amen”can
Medical Association and 3.2 for the British
Medical Journal. 15As recorded in Table 3,
the 1988 impact factor for Zmtcet was 14.5,
not kr behind the 15.8 scored by Nature and
the 16.3 logged by Science. But the posi-
tion of the New England Journal of Medicine
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Table 4 National Iocationa of the institutional WJfiatiom listed by authors in the Bibliography, according to
[oral papers (column A), B= number of papers coauthored with researchers affdiated with institutions in other
countries. C = national locations of institutions listed by coauthors.

Cnuntry A B c

us 82 11 Camda, France, FRG, Italy, Japan, The
Netherlands, UK

UK 11 4 Israel, Japan, US
France 7 1 FRG, kdy, US
Japan 7 3 UK, us
FRG 6 3 Australia, France, Iraly, US
Australia 2 2 Belgium, FRG
The Netherlands 2 2 us
Belgium 1 I Australia
Canada 1 1 us
Israel 1 1 UK
ItaJy 1 1 France, FRG, US
Mexico I

as the world’s most influential medical jour-
nal remains clear. Its impact factor, reported
as 12.5 for 1977 inthe Shawstudy, was21.1
for 1988.

However, these journal impact data are
complex and can be subjected to detailed
analysis. Letters to the editor of Z.urtcet,for
example, achieve much greater impact than
letters appearing in other joumrds. 16

Table 4, which records countries for the
various institutions represented in the listing,
shows that, although the US remains strong-
ly in the lead, its tally of national affiliations
of papers has fallen significantly, from 94
out of 103 in 1988 to 82 out of 101 thiS YtW.

Meanwhile, the UK share has risen sharp-
ly, from 6 to 11. This may come as a sur-
prise to readers aware of the funding diffi-
culties facing British science in recent times,
but it is a reflection of the country’s contin-
uing strengths in the disciplines covered in
the cited papers-neurobiology and molec-
ular biology. France has also advanced from
4 to 7 papers, and Japan from 5 to 7.

Of the 108 unique institutions represented
in the list, the most prolific (with 20 papers
each to their credh) were Harvard (Me&cal
School and University), the NIH, and the
University of California (Los Angeles,
Berkeley, SaJJDiego, and San Francisco).

Conclusion

The listing of most-cited 1987 ]ife-
sciences papers gives little support to those

who argue that citation analysis distorts the
true character and topology of advancing
science. Instead, it highlights what are
known to be the major domains of research
activity, while also encompassing specific
papers that are having seminal influences in
their fields. Repudiating claims that labo-
ratory methods receive undue prominence
in citation ratings, the 101 papers include
only five (those by Piotr Chomczynski and
Nicoletta Sacchi, NIH; Paul Matsudaira,
MIT; Yusuke Nakamura et al., University
of Utah School of Medicine, Salt Lake City;
Phillip A. Sharp, MIT; and Stanley Tabor
and Charles C. Richardson, Harvard Med-
ical School] that are specifically devoted to
investigational techniques.

Yet these papers remind us that methods
are of catalytic importance in science. The
most highly cited is that by Tabor and
Richardson (approximately 140 citations) on
the polymerase chain reaction (PCR) that is
now used to amplify tiny pieces of DNA.
Last December Science selected DNA poly-
merase as its first “molecule of the year”
in view of the tremendous value of PCR in
disease diagnosis and other fields. In the
second most highly cited methods paper
(over 125 citations), Nakamura et al. de-
scribed new genetic markers to help in map-
ping genes responsible for human diseases.

Finally, the high citation ratings achieved
by papers on the genetic basis of Alzhei-
mer’s disease, CF, and manicdepressive ill-
ness place in true perspective the allegation
that one way of making a substantial impact
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in the scientific literature is to publish a
demonstrably erroneous pap. Although the
genes charted in these papers proved not to
be those specifically responsible for the con-
ditions in question, it would be naive to see
such work as simply erroneous. Rather it
represented in each case a step forward that
helped to illuminate the problem, sharpen
the tools of investigation, and narrow the
range of solutions. Science is not, for the
most part, an activity in which com~ting
monkeys seek the “right” solution on a

typewriter keyboard. It is, at heart, a social
activity—and a process.

B,m1s[

Note: lS1° regrets that in discussing 1988’s
compilation,2 we stated that none of the
most-cited 1986 papers came from authors
working in Switzerland. In fact, the paper
by Zlatko Dembic et al. (Nature 320:232-8,
1986) was written by researchers at the
Basel Institute for Immunology,
Switzerland.

REFERENCES

1. Berrklge M J. The second messenger story. Citation Classic. Commentary on Advan. Cyclic Nucf. Res.
6:1-98, i975, Current Contents/Life Sciences 32(17): 14, 24 April 1989.

2. Garfield E. The most-cited 19S6 life-sciences articles highlight cell-surface rcccptors, tumor necrosis
factor, and AJDS rcaearch. Current Coarents (50):3-16, 12 December 1988.

3, Tanai R E, St George-Hyslop P H, Heimm J L, Polkraky R J, We L, Foaein J-F, Neve R L,
McClatchey A 1, Cooaeally P M & Grsvdla J F. The genetic defect in fatrrihl Alzheimer’s disease
is not tightly linked to the amyloid /3-protein geae. Nature 329:156-7, 1987,

4. St Genrge-Hyslop P H, Taaal R E, Pofinaky R J, Neve R L, Pollen D, Draekman D, Growdon J,
Cupplea L A, Nee L, Myers R H, O’SuMvaa D, WWdrta P C, Arnoa J A, Deutaeh C K,
Bodffah J W, KJngstmurme M, Feldman R 6, Brrmi A, baducei L, Foncio J-F & GoaeUa J F.
Absence of duplication of chromosome 21 genes in familial and spnradic Alzheimer’s disease.
Science 238:664-6, 1987,

5. Van lkrdkovert C, Gentke A M, Vandenberghe A, Horstfrerrrke B, lkackhovena H, Raeymaekecs
P, Van Hrd W, Webnert A, Ghemma J, Cras P, Bruykmd M, Martin J J, Salbmun M,
Multhaup G, Masters C L, Beyreutlrer K, Gorling H M D, Mufkm M J, Holkmd A, Bacton A,
Irving N, WIUkmnsosI R, Rlcharda S J & Hardy J A. F.sikrre of familial Alzheimer’s dkcaac to
segregate with the A4-amyloid gene in several European families. Nature 329:153-5, 19S7.

6. Hardy J A, Owen M J & bate A M. The genetics of Alzheimer’a disease. (Davka D C, rd. )
Alzheimer’s disease: towards an understanding of the aetiology and prrdwgenesis. London: Libhey,
1989, p, 128.

7. Rnrnneena J M, Iaeueuazi M C, Kerern B-S, Drmnm M L, Mekner G, Deao M, Roarnafrel R,
Cole J L, Kermedy D, Hidaka N, ZsSga M, Buchwald M, Riordrur J R, Tsrd L-C & ColSii F S.
Identification of the cystic fibrosis gene: chromosome wafking and jumping. Science 245:1059-65,
1989,

8. Kdaoe J R, Gkma E 1, Egehmd J A, Gerhard D S, Gokfatehr A M, Bale S J, Parrfa D L,
Lang R T, KSdd K K, Conte G, Hmramort D E & Paul S M. Re-evakration of the linkage
relationship between chromosome 11p loci and the gene for bipnlar affective disorder in the Old
Order Amish. Nature 342:238-43, 19g9.

9. Aaderaan K E, Gaeger D E, Carson R W, Lee S-M K & Stead R B. Erytbropnietia for tbe treatment
of porphyria cutanea rards in a patient on long-term hemmlklysis. N. .Eng/. J, Med. 322(5):3 15-7,
1990.

10, Moncada S. Citation Classic. Commentary on krncef 1:18-21, 1977. (Ersmett J T, cd.)
Contempomry classics in the life sciences. Volume 2: (he molecules of lfe, Philadelphia: 1S1 Press,
1986. p, 54.

11. —---—-. Citation Classic. Commentary on Na&ure 263:663-5, 1976. (Baccen J T, cd,)
Conrempomry classics in the life sciences. Volume 2: the molecules of life. Philadelphia: 1S1 Press,
1986, p. 186.

12, Gill T J & Lund R D. knpburtation of tissue into the brain: an immunological perspective.
JmA–J. Am. Med. Assn. 261:2674-6, 19g9.

13. Guntaka R V. Letter to editor. (Antecedents of a Nobel Prim.) Nature 343(6256):302, 25 January
1990.

14. Garfield E. The 1989 Nobel Prize in physiology or medicine is awarded to J, Michael Bishop and
Harold E. Varmus for their contribution to cancer research. Current Contenrs (16):3-10,
16 April 19%3.

15, Shaw J G. Article-by-article citation anafysis of medkaf joumrds. .Scientometrics 12:101-10, 1987.
16. Garfield E. Why are the impacts of the leading medicsl joumsfs so similar and yet so different? ltem-

by-item audits reveal a diversity of editorial material. Essays of an information scientist: peer review,
refereeing, jkmd, and orher essays. Philadelphia: 1S1 Press, 1989. Vol. 10. p. 7-13,

143

http://garfield.library.upenn.edu/essays/v11p401y1988.pdf
http://garfield.library.upenn.edu/essays/v13p125y1990.pdf
http://garfield.library.upenn.edu/essays/v10p007y1987.pdf


BIBLIOGRAPHY

The 1987 life-sciences articles most cited in the SCP, 1987-1988. Articles arc listed in alphabetic order by
first author. Numbers following the bibliographic entry indicate the 1987 and 1988 SCI/SSCP research-front

s~idties for which these are core papers.

Citations Bibfiogrrqsftic Data
Total

‘RI. %8 ‘R7 ‘RR ‘RQ. -. -.
197

132
213

168

230

119

130

82

92

86

81

155

100

131

118

90

90

88

103

138

23 174 240 ,%nge~P, hnagawa M, CIdu R, Stein B, Imbra R J, Rabmssorf H J, Jmrat C,
Herrficb P & Karin M. Phorbol ester-inducible genes contain a common cis
element recognized by a TPA-modulaaaf tram-acting factor. Cell 49:729-39,
1987.88-1020

6 126 300 Barbacfd M. ras genes. Annu. Rev. Biochem. 56:779-827, 1987.88-1777
8 205 505 Berridge M J. Inositol trispbnsphcte cnd discylglycerol: two interacting second

messengers.Anrw.Rev. Biochem. 56:159-93, 1987.
33 135 192 Berrtler B & Ceraard A. Cachcctin: more thmr a NmO[ necrosis factor. N. Engl.

J, Med. 316:379-85, 1987,
64 166 211 Bishop J M. The molecufcr genetics of cancer. Science 235:305-11, 1987.

88-2674
6 113 23 I Bjnrfcmn p J, Saper M A, Smrrraoui B, Bermett W S, Strmnbrger J L &

Wiley D C. The foreign rmtigen bkding site and T cell recognition regions of
class [ histocompstibilhy antigens. Nature 329:512-8, 1987. 88-0556

6 124 271 Bjorkman P J, Saper M A, Snmraord B, Bamrett W S, Strmnfngcr J L &
Wiley D C. Structmc of the hw clcas I fristncomp+wibility antigen, HLA-A2.
Nature 329506-12, 1987, 88-0556

14 68 124 Blartkenhorn D H, F&axinrS A, Johcsxon R L, Smmmreo ME, Acen SP&
CtAdrr-HempbfU L. Scneticid effects of combined coleatipol-nkwin therapy on
coronary atherosclerosis cnd coronary venous bypass 13rafts.JAMA-J. Am.
Med. Awn. 257:3233-40, 1987.88-0469

21 71 69 Bbreatooe J A, PardoU D, Shsrrrow S O & Fowlkex B J. Chsractetizmion of
murine tbymocytes with CD3-asacciated T-cell receptor structures. Narure
326:82-4, 1987.88-0256

0 86 178 Robnmrrrr D, Boa T J, Admon A, Norma T, Vegt P K & Tjian R. Human
proto-mrcogene c-jun enccdes a DNA binding protein with stmcmrid and
functional propmties of transcription factor AP-I. Science 238:1386-92, 1987.
88-1020

7 74 120 Bomrer T I, Buckley N J, Yotmg A C & Brono M R. ldentifiestion of a family
of muscarinic acetylcholine receptor genes. Science 237:527-32, 1987. 88-1112

50 105 110 Borat J, vm de Griend R J, van Omtveen J W, ~ 8-L, Msdfef C J,
Seidman J G & Edlmfs R L H. A T-cell receptor y/CD3 complex found on
cloned timctiorrrd 1ymptmcytes. Nature 325:683-8, 1987. 874529, 88.0256

14 86 130 Bm J L, Fearon E R, HamUton S R, Verbmn-sfe Vrfes M, van Boom J H,
vrm der Eb A J & Vngetcteim B. Prevalence of rm gene mutstions in humsn
colorcctal cancers. Nature 327:293-7, 1987. 88-2%3

41 90 9g Brenner M B, McLean J, Schetl H, Riberdy J, Ang S-L, Seidtmm J G, Devlin

P & Kmngel M S. Two forms of tbc T-eeU receptor y protein fnond on
peripheral blond cytotoxic T lymphocytes. No/ure 325:689-94, 1987.87-0629,
8g-0256

26 92 113 Buus S, Sette A, Cofon S M, Miles C & Grey H M. The relation between
major histncompatibJ@ complex (MHC) resrnction and the capacity of Is to
bind immunogenic pcptides. Science 235:1353-8, 1987.88-0556

25 65 86 Cheifetz S, Weatherbes J A, Tmrrg M L-S, Anderxem J K, Mole J E, Lucas R
& Maaaagu4 J. The trmrsfonning grmveb factor-~ system, a complex pcttem of
cross-reactive Iigamls and rcccprs. Celi 48:409-15, 1987. 88-1357

15 75 86 Chien Y-h, Iwaahirrm M, Kafdnn K B, Effiott J F & Da% M M. A new T-cell
rczeptor gem Iocatcd witbin the alpha Incus snd expressed early in T+eU
differentiation. Narure 327:677-82, 1987. g8-0256

1 g7 406 Chomczymvfd P & Sacchi N. Single-step method of RNA isolation by acid
guanidinium thiecyanate-phenol-chloroform extraction. Anal. Biochem.
162:156-9, 1987,

19 84 44 Choa C K, Dull T J, RusceU D S, Gherr.i R, IAwobl D, UUcich A & Rmen
O M. Hmnsn insulin receptors mutstcd at the ATP-binding site lack protein
tyrosine kinase activity and fail to mediate pestreceptor effects of insulin. J.
Biol. Chem. 262; 1842-7, 19g7. 88-0224

14 124 228 Clark S C & Kamen R. The human hematopuietic colony-stimulating factors.
Science 236:1229-37, 19g7. g8-3439

144



Citatfona
Total

‘t17-’88 ’87 ’88 ’89

Bibfiograpbk Data

97

106

84

91

100

107

141

84

1X3

%

91

282

137

82

81

92

115

159

249

107

93

24 73 84

27 79 52

27 57 50

33 58 67

35 65 149

26 81 77

16 125 203

28 56 33

19 10I 169

12 84 109

1 90 178

21 261 282

47 90 87

226044

6 75 119

25 67 59

23 92 116

44 115 102

40 209 332

31 76 73

16 77 73

Coekcroft S. Polyphospbnhaitide phospbediesterase: regulation by a novel
gumrine nuclcotide binding protein, GP. Trends Biochern. Sci. 12:75-8, 1987.
88-4103

Cross G A M. Eukaryotic protein nmditicarion and membrane attachment via
phosphatidylinositol. Cell 48:179-81, 1987.88-2516

CuU-Candy S G & Usowfca M M. Mrdtiple-conductame channels activated by
excitatory amino acids in cerebella neurons. Nature 325:525-8, 1987. 88-1041

Rgekmd J A, GerImrd D S, Pmrfa D L, Sussex J N, Kidd K K, Aflen C R,
Hastetter A M & Houammr D E. Bip&r affective disorders finked to DNA
markers on chmmmorne 11. Nature 325:783-7, 1987. 87-4877, 88-1874

Eachbach J W, Egrfe J C, Dowmfng M R, Bmwne J K & Adaraaon J W.
Correction of tfw anemia of end-stage renal disease with recombinant human
erythropoietim N. Engl. J. Med. 316:73-8, 1987. 87-3763, 88-0227

Estfvfff X, FarraU M, Scambler P J, Bell G M, Hawley K M F, L-inch N J,
Batra G P, Kruyer H C, Frederick P A, Stanfer P, Watson E K,
Wllffarnaon R & Walnwrfght B J. A candidate for the cystic fibrosis locus
isolated by ackction for metbylatiorr-free islands. Nature 326: 84@5, 1987,
88-2116

I%wM M A, Rfchrrran D D, Grfeso M H, Gottffeb M S, Volberdirrg P A,
Laskbr O L, Leedom J M, Groopmms J E, Mildvan D, Scbooley R T,
JackxmI G G, DurackD T, Kfng D & AZT Collaborative Worldng Group.
The efficacy of azidorfrymidine(AZT) in the treatment of patients with AIDS
and AfDS-related complex. N. Engl. J. Med. 317:185-91, 1987. 87-5597,
88-1514

Ffschl M A, Diekfnaon G M, Scott G B, Kfbnns N, Ffeteher M A & Parka W.
Evacuation of heternsexwd partners, chfldren, and household contacts of adults
with AfDS. JAM4-J. h. Med. A.m. 257640-4, 1987. 87-2039, 88-0807

Fofkrmm J & Kfagabrwn M. Angiogenic factors, Sdence 235:442-7, 1987.
88-0106

For’rester K, Abnoguera C, Han K, Grfazle W E & Perucho M. Detection of
h@ incidence of K-ra.r oncogenes during hmnan colon Nmorigenesis. Nature
327:298-303, 1987. 88-2%3

GauftBe J, IUcbarrts C, Harnfsh D, Lanadorp P & Banmann H. Interferon
(f2/B-ceU sdrmdatory factor type 2 shares identity with monncyte-derived
hepatocyte-stinru[ating factor and regulates the msjor acute phase protein
response in liver cells. Proc. Nat. Acad. .Sci. USA 84:7251-5, 1987. 88-1014

Gibnan A G, G proteins: transducers of receptor-generated signals. Arrnu. Rev.
Biochem. 56:61549, 1987.88-0412

Goldgaber D, Lerman M I, McBride O W, Saffiitti U & Gajdrraek D C.
Characterization and chromoanrmd localization of a cDNA encwlng brain
arnyloid of Afzbeirner’s diseace. Science 235:877-80, 1987. 87-0926, 88-0963

Green S & Chambrm P. oeatrdol induction of a glucccorticoid-resfmnsive gene
by a chirnseric receptor. Nature 325:75-8, 1987.88-1259

Groopmon J E, Mitauyasu R T, DeLeo M J, Oette D H & GoIde D W. Effect
of recomb-t human grarmlcrcyte-rnacmphage colony-stimulating factor on
myelopniesis in the acquired imrnunndeficie~y syndrome. IV. Eng/. J, Med.
317:593-8, 19g7. 88-3439.

GufUet J-G, Laf M-Z, Briner T J, Buua S, Sette A, Grey H M, Smith J A &
Gefter M L. IrrrrnunoIogical self, nonself discrimination. Scierrce 235:865-70,
19g7, 87-145), 88-0556

Guyader M, Emerman M, Smrfgo P, Cfavel F, Montagnfer L & Afiaon M.
Genorrrc organization and tramactivation of the human irnnrunodeficierrcy virus
~ 2. Nalure 326:662-9, 1987.87-1752, 88-0459

Wacheler J, Roaenthaf W, Trautweirt W & Schub G. The GTp-bin&ng
protein, Go, regulates neuromd calcium channels, Nature 325:445-7, 1987.
87-6630, 88-0412

Hynes R O. Irrtegrins: a farnify of cell surface receptors. Ce[f 48:549-54, 1987.
88-0877

Jabr C E & Stevens C F. Ghnamrde activates multiple single channel
conductames in hippncsnrpal neurons. Nature 325:522-5, 1987. 87-0989, 88-1041

Jantaen H-M. Strnhfe U, Gloss B, Stewart F, Sebrnfd W, B@hart M,
Mfkskek R & Schtita G. Cooperativity of glucocorticoid response elements
located far upstream of the tyrosine snrirrotransferaae gene. Cell 49:29-38, 1987.
88-1259

145



Citations Bibfiograpfdc Data
Totaf

‘87.~~

107

198

163

95

103

99

85

119

101

113

202

94

137

121

121

88

207

128

100

101

170

82

’87 ’88 ’89

22 85 200

57 141 126

50 113 144

12 83 184

29 74 103

18 81 126

0 85 157

22 97 79

14 87 51

29 84 76

26 176 229

31 63 126

19 118 168

38 83 55

19 102 110

19 69 61

20 187 251

43 85 87

1 99 290

22 79 135

30 140 151

4 78 101

25 61 87

Johnson J W & Aacher P. Glycine @emiates the NMDA response in cultured
mouse brain neurons. Nature 325:529-33, 1987. 87$989, 88-1041

Jones K A, Kadonaga J T, Roxecrfeld P J, Kelly T J & Tjinn R. A cellular
DNA-binding protein that activates eukaryotic transcription and DNA replication.
Cell 48;79-89, 1987.88-4873

Kang J, Lerrraire H-G, Unterbeck A, $afbarmr J M, Maatera C L, Grzexcfdk
K-H, MoftlraufJ G, Beyreutber K & Miiffer-llifl B. The precursor of
Alzheimer’s disease mnyloid A4 protein resembles a cell-surface receptor.
Nnrure 325 ;733-6, 1987.874926, 88-0963

Kappler J W, Roebm N & Marrack P. T cell tolerance by clonal elimination in
the thymus. CM 49:273-80, 1987.88-0256

Kisbimolo T K, O’Connor K, Lee A, Roberta T M & Springer T A. Cloning
of the ff suborrit of the leukecyte adhesion proteins: Irumology to an extracellular
matrix rcreptor defines a novel supergene family. Cell 48:681-90, 1987,
88-0877

Koenig M, HofFrnan E P, Bertelaon C J, Monaco A P, Feener C & Kunkel
L M. Complete cloning of the Ducbenne muscular dystrophy (DMD) cDNA and
preliminary genomic organization of the DMD gene in normal and affected
individuals. CeU 50:509-17, 1987. 87-IWO, 88-0516

Kozak M. An analysis of 5’-noncoding sequences from 699 vertebrate messenger
RNAs. Nucl. Acid. Res. 15:8125-48, 1987.

Kuno M & Gardner P. Ion channels activated by inositol 1,4,5-trisphosphate in
plasma membrane of human T-lymphocytes. Nrrmre 326:301-4, 1987.88-1561

Le J & ViJ~ek J. Biology of disease. Tumor necrosis factor and ineerleukia 1:
cytokines with multiple overlapping biological activities. M. lnvesr. 56:234-48,
1987.

h W, Haalinger A, Karin M & Tjian R. Activation of transcription by two
factors that bind promoter and enhancer sequences of the human metallotiionein
gene and SV40, Nature 325:368-72, 1987.88-1020

Lee W, Mitchell P & Tjian R. purified transcription factor AP- 1 interacts with
TPA-inducible enhancer elements. Ccl/ 49:741-52, 1987.88-1020

Lee W-H, Roofcateirr R, Hong F, Young L-J, Shew J-Y & k E Y-H P.
Human retinoblastonra suaccptibdity gene: cloning, identification, and sequence.
Science 235: [394-9, 1987.8743131, 88-0134

Leo O, Foo M, Sacba D H, Samefsmr L E & Bhrestorre J A. Identification of a
monnclonal antibody spccitic for a mmine T3 polypeptide. Proc. Nat. Acad. SC;,
USA 84:1374-8, 1987.88-0256

Lugothetia D E, Knmcbi Y, Gedper J, Neer E J & Clapham D E. The ~y
subunits of GTP-binding proteins activate the muacarinic K + channel in heart.
Nature 325:321-6, 1987. 87-6630, 8843412

Low M G. Bkxhemistry of the glycosyl-phosphatidylinositol membrane protein
anchors. lfiochem. J. 2441-13, 1987. 88-2516

Madrazo 1, Drucker-Colhr R, Dkz V, MartOrez-Mata J, Torrea C & Becerril
J J. @en rnicrosurgical autograft of adrenal medulla to the right caudate
nucleus in two patients with intractable Parkinson’s disease. N. Engf. J. Med.
316:831-4, 1987.87-1477, 88-0324

MarrkatiaT, Goodboum S & Fischer J A, Regulation of inducible and tissue-
s~ific gene expression. Science 236:1237-45, 1987. 88-4980

MrmiatJa T & Reed R. The role of snrafl nuclear ribnnucleoprotein particles in
pre-mRNA splicing. Nature 325:673-8, 1987.88-2708

Matarufaira P. Sequence from piconmle quantities of proteins electroblotted onto
polyvinylidene ditluoride membranes. J. BioL Chern. 262:10035-8, 1987,
88-0287

Mayer M L & Weatbmok G L. The physiology of excitatory amino acids in the
vertebrate central nervous system. Prog. Neurobiol. 28:197-276, 1987. 88-1041

Miffer R J. Multiple calcium channels and neurorraf fonctiom Science 235:46-52,
1987. 88-O&3

Mitchell P J, Wang C & TJian R. Positive and negative regulation of
tranxcripeion in vitro: enhaacer-binding protein AP-2 is inbibitcd by SV40 T
antigen. Ceff 50:847-61, 1987, 88-1020

Mitrmya H & Binder S. Strategies for antiviral therapy in AIDS. Narure
325:773-8, 1987.88-1514

146



Tutal
-.

‘s7-’88
85

87

116

126

116

118

160

110

176

120

%

92

106

102

90

215

102

132

’87

27

’88 ’89
58 54

23

20

27

30

15

40

35

26

37

27

2

32

17

15

35

0

18

64 100

% 116

99 112

86 99

103 143

120 191

75 77

150 265

83 83

69 82

90 62

74 81

85 147

75 69

180 271

102 271

114 173

Mobrgeon P, Jitarrkawa S, Faure F, Troafen F, Tr-iehel F, Grazfard M,
Foreatier F, Bellet D, Bohuon C & Hercend T. A y-chain complex forms a
functional receptor on cloned hmnan lymphocytes with natural kifler-like
activity. Nature 325:7234, 1987. 88-0256

Murcro S & Pefbanr H R B. A c-terminaf signaf prevents secretion of lunrinal ER
proteins. Cell 48:899-907, 1987.88-1309

Nabel G & Bafthnore D. An inducible o“anacription factor activates expression of
hrrman imrrmnodeficiency virus in T cells. Nrrnzre 326:711-3, 1987. 8S-0459

Nakarnura Y, Lwppert M, O’Cormeff P, WoffT R, Hofm T, Culver M, Martin
C, Fujhnoto E, Hoff M, Kmtdirr E & White R. Variable number of tandem
repeat (VNTR) markers for human gene mapping. Scierrce 235:1616-22, 1987.
88-0575

Narrba O & Satob K. Isolation of a photosystem fl reaction center consisting of
D-1 and D-2 frolypeptides and cytochrome b-559. F’roc. Nat. Acud. .$ci. USA
S4: 109-12, 1987.87-1182, 88-0623

Nathan C F. Secretory products of macrophages. J. C/in, hwesr, 79:319-26,
1987.

Nebert D W, Adeartfk M, Coart M J, Eatabrawk R W, Gmunfex F J,
Grrengericb F P, Gmrsafns I C, JohnsmrE F, KernperB, f-winW, PhiWps
1 A, Sato R & Waterman M R. The P4S0 gene superfamily: recommended
nomenclature. DNA– J. Mokc. Cell. BioL 61-11, 1987. 87-3810, 88-0251

Ofmo S, Kawmaid H, hrra]ob S, Suzuki K, Inagafd M, Yokokora H, Sakob T
& Hfdaka H. Tissue-specific expression of three distinct types of rabbit protein
kirrase C, Narure 325:161-6, 1987.87-4459, 88-1561

Pabrrer R M J, Ferrlge A G & Morrcada S. Nitric oxide release accounts for the
biological activity of endotheliurn-derived relaxing factor. Nomre 327:524-6,
1987.874983, 88-3811

Pardoft D M, Fowtkea B J, Blrrestone J A, Kridabeek A, Mafoy W L, Coffgan
J E & Schwartz R H. Dlfferentiaf expression of two distinct T-cell receptors
during thymocyte development. Nature 326:79-81, 1987.88-0256

Peratta E G, Winslow J W, Petecsnrr G L, Smith D H, .khkeaaai A,
Ramacfmnttran J, %tdrnerffk M I & Capmr D J. Primary structure and

birxherrrical properties of an Ml muacarinic receptor. Science 236:600-5, 1987.
88-1112

Petkovich M, Brand N J, Krnst A & Chambrm P. A human retinoic acid
rcceptm which belongs to the family of nuclear receptors. NaIum- 330:444-50,
1987.88-1259

Polk B F, Fox R, Braokmeyer R, Kanchrmarakaa S, Knslow R, Viiher B,
Rfaatdo C & Fbair J. Predictors of the acquired imrmmodeficiency syndrome
developing in a cohort of seropmitive homoaexrraf men. N. .Engl. J. Med.
316:61-6, 1987.88-5793

Ricfmmn D D, Ffacbi MA, Gcieco M H, Gottifeb M S, Volberdbrg P A,
Laskin O L, L&damJ M, Groqmao J E, Mfldvaa D, Hiiach M S, Jackson
G G, Druack D T, Nnxbroff-lArmmr S & AZT Collaborative Working
Group. The toxicity of azidothyrnidirre (AZT) in the treatment of patients with
AIDS rmd AfDS- related complex. N. Eng[. J. Med. 317192-7, 1987.87-5597,
88-1514

Robb R J, Rnck C M, Yodoi J & Greene W C. hrterlcukin 2 binding molecule
distinct from rbe Tac protein: analysis of its role in formation of Klgh-affinity
rezeptors, Proc. Nat. Acad. Sci. USA S4:2W2-6, 1987. 88-36M

Rosenberg S A, Lotze M T, MrccrfL M, CharsgA E, Ada F P, LAtmtur S,
Lfaehmr W M, Robectson C N, Les R E, Rutim J T, Seipp C A, Sbnpsmr
C G & white DE. A progress report on the treatnrent of 157 patients with
advanced cancer using Iymphokine-activated killer cells and imerleukin-2 or
highdose irrtarlenkin-2 afone, N. Errgl. J, Med. 316:889-97, 1987.87-7545,
88-2237

RrraslaMi E & Piarachbaeher M D. New perspectives in ceff adhesion: RGD and
integrins. Science 23g:49 1.7, 1987. 88-0877

Scbofleld P R, Darlixms M G, F@ita N, Burt D R, Stepbenaen F A,
Rodcfgucz H, Rbee L M, Ramacbmtdran J, Reafe V, Glencorae T A,
Seeborg P H & Barnard E A. Sequence and functional expression of the
GABA~ receptor shows a ligarrd-gated receptor super-family. Nafure 328:221-7,
1987.88-2949

147



Cltatimsa
Total

‘87-’88 ’87 ’88 ’89

%

98

100

153

93

92

95

136

140

105

148

151

%

108

97

83

125

133
122

30 66 82

23 75 93

25 75 643

44 109 183

12 81 98

25 67 65

14 81 159

39 97 90

5 135 311

11 94 117

47 101 107

43 108 108

7 89 107

15 93 116

20 77 115

32 51 45

15 110 151

8 125 184
36 86 fit

Sharp PA. Splicing ofmessenger RNAprccursors. Science 235:766-7l, 1987.
88-2708

Sibley DR, Benovic JL, Cstron MG & Lefkowita RJ. Regtdationof
wansmembraoe signalirrgby rweptor phosphorylation. Ce//48:9l3-22, 1987.
88-1563

Silverherg E& Lufsera J. Cancer statistics, 1987. G-A CmrcerJ. Clin.
37:2-19, [987.

SlamOn D J, Clark G M, WonO S G, M&s W J, Ulfrich A & McGafre W L.
Human breast cancer correlation of relapae and survival with amplification of
the HER-2 /rseu oncogene. science 235:177-82, 1987.87-1748, 88-1343

Snlomorr E, Vuaa R, Hsdl V, Bodrrter W F, Jam J R, Jeffreys A J, LncibeUo
F C, Patel I & Rider S H. Chromosome 5 aflele loss in human colorectai
carcinomas. Nature 328:616-9, 1987. 88-0134

Spiegel A M. Signaf tmnaduction by guanine nucleotidr binding proteins. Mol.
Cell. EndocrinoL 49:1-16, 1987.

Springer T A, Dnatirr M L, Kkhfnmto T K & Marffa S D. The lymphocyte
fimction-associated LFA- 1, CD2, and LFA-3 molecules: cell adhesion receptors
of the immune system. Annu. Rev, Inmusnol. 5:223-52, 1987. 88-4%5

St &or&fyslOfr P H, Tami R E, Pdirsaky R J, Hnkm J L, Nee L, Watkins
P C, Myera R H, Feldman R G, Pollen D, Draehmsm D, Growdon J, Brend
A, Fonciu J-F, Safrnon D, Frmnmelt P, Amaduccf L, Sorbi S, Plarentkd S,
Stewart G D, Hobbs W J, Cnsureafly P M & Gmsclla J F. The genetic defect
causing familiaf Afzheirner’s disease maps on chromosome 21. Science
235:885-90, 1987.87-0926, 88-0963

Tabnr S & Richardson C C. DNA sequence analysis with a mudfied
bacteriophage T7 DNA polymerase. Proc. Nar. Acad. Sci. USA84:4767-71,
1987.

TamsheT, TakeaidrrraH, MikaadA, Flockerzi V, Takahoaa H, Kangawa K,
Kojihrm M, Matauo H, Hfruae T & Nmsm S. Primary structure of the receptor
for cafcium charnel blcckera from skeletsf muscle. A’amre 328:313-8, 1987.
88-0913

Taozi R E, Gnsella J F, Watkina P C, Brunx G A P, St George-Hyslop P H,
Van Kenren M L, Pattersmr D, pagan S, Kursrit D M & Neve R L. Amylold
f3protein gene: cDNA, mRNA rfiatributi.n, arrd genetic Iiige near tfrr
tUzhciir Incus. Science 235:880-4, 1987. 87-0!W6, 88-0963

Testdgawara K, Wang H-M, Kato K & Smith K A. Interleukin 2 higf-affmity
receptor expression requires two distinct binding proteins. J. Erp. Med.
165:223-38, 1987.88-3606

Topol E J, Cafiff R M, George B S, Kereisdws D J, Abbottsndtb C W,
Candeta R J, Lee K L, Pitt B, Stack R S, O’Nefff W W & ‘f’hrornbnlysfs
and Angioplaaty in Myecardfaf Infarction Study Group. A randomized trial
of innncdiate versus delayed elective rrngioplasty after intravenous tissue
plasmirmgen activator in acute myucardiaf infarction. h’. Engl. J. Med.
317:581-8, 1987. 88-09W

Unantse E R & Affen P M. The basis for the inrmunoregulatory role of
macrophages and other accessory ceUs. Science 236:551-7, 1987.

Van Damrne J, Opdenakker G, SirnLMUaR J, Retbira M R, CSYpfiSS S, Vhtk
A, BifMmsA & Van Snfek J. Identification of the human 26-kD prutein,
interferon fi:(IFN +32) as a B cell hybridoma/plaamacy toma growth factor induced
by interleukm 1 and tunwt necrosis factor. J. Ezp. Med. 165:914-9, 1987.
88-1014

Weber J N, Clapham P R, Weiss R A, Packer D, Roberta C, Dnucarv J,
WefLer I, Carrie C, Tedder R S, Pinefdng A J & Ctiefngaorsg-Popeve R.
Human inununodeficiemy virus infection in two cohorts of homoxexuaf men:
neutrafising acra and association of anti-ga8 arrtibody with prognosis. .!zmcef
1:119-21, 1987.87-0555, 88-0582

West W H, TasIer K W, Yormefli J R, Marslmli G D, Cam D W, Thormms
G D & Oldhsun R K. Constant-infusion recombinant interleukin-2 in adoptive
inmrunotherapy of advanced cancer. N. Engl. J. Med. 316898-905, 1987.
87-7545, 88-2237

Woeae C R. Bacterial evolution. hficro6iol. Rev, 51:221-71, 1987.88-0645
Yatani A, Crsrfirm J, Brown A M & Birsrbamoer L. Direct activation of

miumnafian atrial muscarinic pntsxsium chaonels by GTP regulatoV protein Gk.
Science 235:207-11, 1987.87-6630, 88-0412

148


	a: Essays of an Information Scientist: Journalology, KeyWords Plus, and other Essays, Vol:13, p.133, 1990    Current Contents, #17, p.3-18, April 23, 1990
	b: 
	d: Back to Introduction
	c: Go to Reprint on Cell Signalling


