* THE LANCET

Volume 353, Number 9149 « Founded 1523 * Published weekly * Saturday 23 January 1999

251

EDITORIAL
The horrors of Ashworth

252

COMMENTARY

The sacking of JAMA R Horton

NEWS
Science & medicine

hepatorenal syndrome with
N-acetylcysteine
S Holt and others

All literary marter in The Lancet is copyright. © The Lancet Ltd, 1999. Registere
£4.50

Clinical Education Centre Library
Glenfield Hospital.

Please do not remove this journal
from the library.

254 Gambling with cardiovascular risk: picking the winners and the 239 Nuglgariestvelerans” survey prompts
losers S Grover . official inquiries
. x Catheter ablation efficacious and safe
— 255 Laser-scanning cytometry D A Rew and others ) 300 Genetics of cardiovascular disease
256 Headache relief or impotence? N Benjamin FDA backs new device to reduce myopia
257 Outstanding issues in use of disease-modifying agents in rheumatoid 301 Prophylactic mastectomy cuts
arthritis R Madhok, H A Capell preasteLneer sk
. Physical rehabilitation in multiple
ARTICLES sclerosis
259 Efficacy and safety of leflunomide compared with placebo and Feature ,
sulphasalazine in active rheumatoid arthritis 302 Spotlight on male contraception
J S Smolen and others, and the European Leflunomide Study Group Dispatches
267 Comparison of radiation side-effects of conformal and conventional 303 In-vitro fertilisation revisited in Japan
radiotherapy in prostate cancer Doctors fight anti-abortionists
D P Dearnaley and others Policy & people
272 Effect of monochloramine disinfection of municipal drinking water on 304 Stasi legacy still apparent
risk of nosocomial Legionnaires’ disease Call for les geliution glimfnation
J L Kool and others, Brazil approves health agency
I . . = < . 305 Cigarette sales linked to aid
278 Indications for cholesterol-lowering medication: comparison of Ingia R
risk-assessment methods o chene e
X 306 Bovine-somatotropin debate goes on
‘P N Durrington and others
EARLY REPORTS SEMINAR
282 Arterial stenting and balloon angioplasty in ostial atherosclerotic 307 COX-2 inhibitors
renovascular disease C J Hawkey
P J G van de Ven and others
287 Effect of inhibition of nitric oxide synthase on chronic PUBLIC HEALTH
tension-type headache 315 Making Cairo work
. M Ashina and others M Potts, J Walsh
CASE REPORT VIEWPOINT
290 The importance of reading test results 319 Periodic chest radiograph:
G-M Lackmann and others unnecessary, expensive,
but still pervasive
RESEARCH LETTERS B T Mangura, L B Reichman
291 Intuitive hypertext-based molecular 295 Acute fatty liver after malaria
identification of micro-organisms prophylaxis with mefloquine Contents list continues inside
D Harmsen and others A Grieco and others
291 Twinning and folic acid use 296 Healing of rickets after calcium
F Mathews and others supplementation
292 Periconceptional folic acid intake in L M Oginni and others
Nijmegen, Netherlands 297 False-positive rapid tests for malaria in
R L M Bekkers, T K A B Eskes patients with rheumatoid factor
293 Acquired activated protein-C resistance M P Grobusch and others
in pregnancy and association with 297 Limitation of eye movement in merosin-
increased thrombin generation and deficient congenital muscular dystrophy
fetal weight J Philpot, F Muntoni
P Clark and others 298 Nom-invasive evaluation of shoulder
293 Effects of peripheral stem-cell or problems after stroke A
bone-marrow reinfusion on peripheral C | M Price and others A
serotonin metabolism ]
’ A N M Wymenga and others
294 Improvement in renal function in




COMMENTARY

10 Ramsay LE, Haq IV, Jackson PR, et al. Targeting lipid-lowering drug
therapy for primary prevention of coronary disease: an updated
Sheffield table. Lancer 1996; 348: 387-88.

11 Lowensteyn I, Joseph L, Levinton C, Abrahamowicz M, SteinertY,
Grover SA. Can computerized risk profiles help patients improve their
coronary risk? The results of the Coronary Health Assessment Study
(CHAS) Prev Med (in press).

12 Avorn J, Monette J, Lacour A, et al. Persistence of use of lipid-lowering
medications: a cross-national study. J4MA 1998; 279: 1458-62.

Laser-scanning cytometry

Technology has driven research in clinical pathology since
the optical microscope was introduced more than 200
years ago. The rapid, reliable, and quantitative assessment
of biological events in large numbers of individual cells
finds important applications in experimental systems and
clinical analysis, such as in immunophenotyping, in
counting of CD4 cells in HIV infection, in DNA ploidy
studies, and in the quahtiﬁcation of cell-membrane,
cytoplasmic, and nuclear molecules.

Samples from experimental systems, blood, tissue, and
tumour samples are usually composed of large, hetero-
geneous populations of cells, of varying morphology,
function, differentiation, cell-cycle phase, destiny, and
viability. Conventional assessment by trained observers of
slide-based samples is, despite histochemistry and image
cytometry, primarily a qualitative exercise.

Light-scatter and fluorescence-based techniques offer
considerable advantages in the cell-by-cell analysis of
complex samples. One approach to quantification has
been the analysis, by flow cytometry, of the optical
characteristics of particles in suspension. The standard
flow cytometer can quantify multiple fluorescence markers
and light scatter in heterogeneous samples in fluid
suspension at rates of several hundred particles (cells,
nuclei, or chromosomes) or more per second.' These
particles are streamed through a beam of coherent light of
defined excitation wavelength, generally a laser beam.
Laser-based flow cytometry has been the mainstay of
quantitative cell research since the late 1970s. 100 000
cells per sample can be studied with ease. Data are
presented as computer-generated histograms and dot
plots.

Flow cytometry is particularly useful where cell size and
scatter patterns are consistent, as in leucocyte immuno-
phenotyping; where they are immaterial, as in the
measurement of DNA content (ploidy) in tumours; or in
chromosome sorting. However, the disaggregation of
tissues and solid tumours into single-cell suspensions for
analysis destroys information contained in the cell and
tissue architecture, thus confounding interpretation of
data. Analysis is also limited by sample size and
consistency; fine-needle aspirates or viscid samples are
generally unsuitable for analysis.

Fundamentally, the disadvantage of flow cytometry is
uncertainty, because sample morphology cannot be
correlated with light emissions on a cell-by-cell basis.
Having to guess at the nature of the cells from the scatter
and fluorochrome-labelling characteristics is generally
acceptable in haematological studies, where leucocytes
have precise and discrete physico-optical characteristics. It
is not satsfactory for the study of cell disaggregates
derived from dssues and solid tumours, where the
variation in size and scatter defies analytical algorithms.
Cell sorting helps overcome this limitation but does not
allow consistent correlaton of light measurements with
every cell in the sample.

Laser-scanning cytometry integrates the capabilities of
ﬂow cytometry with optical microscopy. A prototype
instrument was first described in 1991.2 A refined model
entered commercial production in 1996, and about 100
instruments have since been installed in research centres
worldwide.

The laser-scanning cytometer includes many of the
components and analytical processes of flow cytometry,
integrated with a conventional, fluorescence-adapted
microscope and imaging system. It allows for laser
excitation of the sample from a 488 nm blue argon laser,
and from an orange or red helium-neon laser at 546 nm or
633 nm where fitted. Ultraviolet laser excitation, which is
of use in the study of features of cell physiology such as
calcium fluxes, is not presently an option because of the
optical characteristics of the microscope lenses. Light-
collection optics and photomultiplier tubes record
fluorescence emissions.  An integral,  standard
epifluorescence illumination system using a mercury arc
lamp further extends the range of excitation wavelengths.

The radical development is that, in laser-scanning
cytometry, the laser beam is scanned over and through the
sample on a microscope slide. The beam, steered by
directional optics, moves in an axis at 90° to that in which
the microscope stage is moved in 0-5 pum computer-
controlled steps. Measurements of each cell thus include
its precise position on the slide, its area, its perimeter, its
peak fluorescence, and the time of measurement. Each cell
can be recaptured and rescanned many times by the laser
beam, subject to the limitations of photobleaching. Up to
1000 cells per min can be analysed. The instrument makes
about 100 measurements on each cell at cell densities of
100-1000 cells per mm?, using a two-dimensional array of
values rather than the pulse-spot analysis of flow
cytometry. Data are initially collected and displayed in the
conventional graphical forms used in flow cytometry. A
camera attached to the microscope allows digitisation,
display, and recording of images, and the microscope
allows direct inspection of each cell or field of interest at
different magnifications, and thus direct correlation of
cell-fluorescence signals with morphology.> A simple
connection to a commercially available image-analysis
system further extends the value of the optical system.*

Laser-scanning cytometry thus finds applications that
derive from flow cytometry, including DNA ploidy and
S-phase fraction analysis,* biomarker expression,™ and
tumour immunophenotyping.” The Chicago group™' in
particular has sucessfully exploited the technique such
that its laboratory immunophenotyping service is now
based on laser-scanning cytometry. Reported benefits
include automation of the assay, savings on reagents, and
accurate diagnosis on very small biopsy samples. The
instrument can analyse six variables.”® In these studies,
instrument performance is reported to be similar to that in
flow cytometry, except that the rate of the data acquisition
is slower by a factor of 10, which reflects the large data-set
collected on each cell.

At about £100 000 per machine, laser-scanning
cytometry must provide a unique range of practical
applications to attract sciendsts. These applications stem
from the slide-based nature of the analysis. Key benefits
include the fact that cells can be classified by their
morphology and viability; that rare cells and events such as
leukaemic blast cells, mitoses,!! or apoptotic cells'? can be
visualised within complex cell populations; and that fine-
needle aspirates, smears for cytology, viscid and mucoid
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samples, and imprint specimens such as those from the
cut surface of a tumour can be studied directly on the
collection slide. In addition, the microscope slide provides
considerable scope for development. It can be modified to
allow for multiple experiments to be conducted on one
slide, either serially or spatially.

Dynamic experiments on the physiology of intact
membranes are possible—for example, measurement of
the rate of intracellular accumulation or exclusion of
fluorophores, .and quantitative assessment of their
translocation between cytoplasm and nucleus in signal-
transduction studies.’™* Cell-surface and intracellular
labelling of fluorochromes can be distinguished by use of
selective permeabilisation protocols and morphological
criteria. Chamber-culture slides allow direct analysis of
cells grown to confluence without need for transfer.”

The pixelation of data-sets also offers new
opportunities, because subcellular peaks of fluorescence
can be identified and quantified. However, the limited
subcellular resolution of the instrument limits fluorescence
in-situ hybridisation to coarse FISHing of perhaps two
bright probes per cell,’* whereas confocal microscopy
offers higher sensitivity and resolution. One practical
example under development lies in the automation of the

. laborious mouse micronucleus assay used in genotoxicity
‘ testing."’

The extent of the capabilities and limitations of laser-
scanning cytometry has yet to be fully explored. Further
technical innovation seems likely as compact lasers and
image-capture and processing techniques are added, and
there remains scope for simplification and automation of
software protocols. The system was originally designed for
the study of cell isolates, but has already been modified for
the study of confluent cells and thin tissue sections. A

‘ combination of optical microscopy and laser cytometry
! should be a useful system for clinical cytopathologists.
Substantial developments in technology and applications
can be expected, as has been the case with flow cytometry.

*David A Rew, Gerrit Woltmann, Andrew J Wardlaw

| Advanced Laser Cytometry Facility, University of Leicester, Glenfield
Hospital, Leicester LE3 9QP, UK
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Headache relief or impotence?

See p 287

Nitric oxide really does seem to be the molecule of the
moment. Its importance in regulating blood pressure,
providing host defence, and inhibiting platelet function,
and as a neurotransmitter has become much more widely
known recently because of the award of the 1998 Nobel
prize for medicine to three scientists who helped in
revealing its biological importance. Drugs that work
through the nitric oxide pathway—sildenafil (Viagra), for
instance—are starting to be launched. This drug enhances
the effect of nitric oxide by inhibiting the breakdown of
the second messenger, cyclic GMP, synthesis of which is
provoked by nitric oxide and which causes smooth-muscle
relaxation.

Nitric oxide manufacture was first identfied in
endothelial cells,' and the chemical is now known to be
continuously synthesised by a constitutive endothelial
enzyme. It is also continually made by a different nitric
oxide synthase (NOS) in autonomic nerve cells where,
among its other actions, it is vital for genital erectile
function. Its synthesis can be induced in most mammalian
cells when they are exposed to inflammatory cytokines,
which is when it plays an important part in host defence.?
There is a laPge population of central neurons that also
contain neuronal NOS, but the function of nitric oxide in
the brain is not entirely clear. One suggestion is that this
source of nitric oxide is important in maintaining long-
term potentiation of neuronal depolarisation and therefore
is involved in memory.>* There has also been much
interest in the possibility that nitric oxide may contribute
to nerve-cell damage after stroke. Inhibition of nitric oxide
synthesis in an animal model of stroke reduces infarct
volume.” The third main strand of brain nitric oxide
research has been concerned with the ability of centrally
synthesised nitric oxide to modulate the sensation of pain.
In particular, the suggestion from animal work is that
nitric oxide inhibits the effects of endogenous opioid-like
peptides and that inhibition of nitric oxide synthesis may
have analgesic effects.®

The study described in today’s Lancer examined the
effect of monomethyl L-arginine (L-NMMA), a specific
inhibitor of NOS, in patients with chronic pain due to
tension-type headache. Intravenous infusion of 6 mg/kg L-
NMMA resulted in a modest but definite reduction in
perceived pain intensity compared with glucose placebo.
Pain was measured by a visual analogue scale. The
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