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Author's reply
Editor-As early as 1981 we pointed out
that an increased urinary excretion of lyso-
somal enzyme activity of renal tubular ori-
gin (/i-galactosidase) should be cautiously
interpreted as an early marker of proximal
tubular dysfunction associated with expo-

sure to lead (Pb) and cadmium (Cd).'
Indeed, exposure to both metals, albeit at
different intensities, usually occurs simulta-
neously both in industry and in the general
population. Buchet et al clearly showed by a

two way analysis of variance that in a group
of 62 workers with mixed exposure to Pb
and Cd, a moderate exposure to Pb had no

direct or synergistic action with Cd on sev-

eral early markers of nephrotoxicity includ-
ing urinary activity of,B-galactosidase. The

renal changes were associated with Cd
exposure only.

N-acetyl-fl-D-glucosaminidase activity in
urine (NAG), another lysosomal enzyme,
can also be used as a sensitive marker for
detecting proximal tubular toxicity in sever-

al situations likely to affect the integrity of
the kidney.2 Significant dose-response rela-
tions between NAG and the urinary con-

centration of Cd (CdU) have been reported
in study populations with occupational3-6 or

low level environmental Cd exposure.7
Several earlier cross sectional studies on

workers moderately exposed to Pb showed
that on a group basis there was some evi-
dence of increased NAG compared with
controls.'"' There is some doubt that these
findings were directly related to Pb expo-

sure, because these studies failed to show
significant dose-response relations between
NAG and the blood lead concentration
(PbB) or duration of exposure to lead, and
they did not take into account the effect of
potential concomitant exposure to Cd (even
low environmental Cd exposure).

Recently Chia et al have reported on the
NAG isoenzyme profile in the urine of
workers who manufactured Pb stearate sta-
bilisers.'2 The urinary activity of NAG
(total), NAG-A, or NAG-B did not show
any relation with current or time-integrated
PbB, but were all highly associated with the
change of PbB over the past six months
(APbB expressed as percentage change).
This finding was interpreted as the evidence
that increased urinary NAG activity (NAG,
NAG-A, NAG-B) could reflect recent
changes of PbB. The authors did not sup-

port their explanation by checking whether
the changes of PbB correlated with. the
changes (A) in NAG activity over the same

past six months. Also they did not measure

biological variables of exposure to Cd at the

time of their study, except blood cadmium
(CdB) in a subsample of the non-exposed
group. It is unclear whether the measure-

ments of CdB and CdU used in the correla-
tion study with total NAG and NAG-B
reported in Chia's letter are related to the
same initial study population and the same

period of time. The most disturbing finding
of Chia et al is that urinary NAG activity is
related to the percentage change in PbB
without being correlated to the absolute Pb
concentrations in blood.'2 This finding,
which implies that the effects of APbB on

NAG activity are independent of the PbB
concentrations, is difficult to reconcile with
the basic concepts of toxicology.

In a study on workers exposed to Pb
from a Pb acid battery factory in which all
subjects had a CdU below 2 ,ug Cd/g creati-
nine (mean 0-36 pig Cd/g creatinine in both
the control and exposed groups) we could
not find any difference in NAG between the
control and exposed groups."' The mean

PbB in the battery workers (510upg Pb/l)
was, however, 50% higher than that of the
Pb stabiliser workers examined by Chia et

al.'2 The hypothesis that NAG represents a

specific renal marker associated with an

early stage of tubulotoxic action of Pb expo-

sure is also not supported by other indepen-
dent studies performed in our laboratory
and by the findings of other authors.

In the study by Gerhardsson et al on

moderately exposed Pb smelter workers,'4
NAG did not correlate with variables that
reflected current (PbB) or time-integrated
Pb exposure such as cumulative PbB index
or Pb concentration in bone. Our recent
study on Pb smelter workers corroborates
this conclusion," as a stepwise multiple
regression analysis indicated the lack of a

direct association between NAG and the
concentration of Pb in blood, urine, or

tibia. The only predictor variable that was

found to be significantly correlated with
NAG irrespective of whether the correlation
was examined in the controls or the Pb
workers was CdU (the slopes of NAG v

CdU were similar in both groups). The
concomitant Cd exposure in these Pb
smelter workers was low as shown by the
CdB and CdU values that were still within
the limits of distributions usually found for
groups from the population at large in
Belgium. It is interesting to note, however,
that the current exposure to Cd (reflected
as CdB) and the renal burden of Cd
(reflected as CdU) in the control group

(geometric mean (range) CdB 0-6 (0-1 to

2-6) ,ug Cd/l; CdU 0-53 (0-16 to 1-51) pig

Cd/g creatinine) are similar to those report-
ed in Chia's letter for the Pb stabiliser
workers (CdB 0-56 (0-10 to 1-92) ,ug Cd/l;
CdU 0-41 (0-12 to 2 07) pig Cd/g creati-
nine).
Taken together, the results suggest that

the direct relation between Pb exposure and
NAG is still questionable, and it seems

more likely that the renal burden of Cd,
even at very low concentrations, may play a

predominant part in the alterations of tubu-
lar lysosomes that result in the release of
renal NAG in the urine. This hypothesis is
supported by our previous findings from
cohorts of different populations such as

another group of Pb smelter workers,'6
pregnant women,'7 and the general popula-
tion.7 In none of these studies did Pb expo-

sure emerge as a determinant of NAG, but
in all of them NAG positively correlated
with CdU that reflected a low exposure to

Cd. In two of these studies the subjects'
CdU did not even exceed 2 pg Cd/g creati-
nine.'6 '7 Furthermore, a recent study from
our laboratory may provide some insight
into the biological significance of this asso-

ciation.'8 A dose related increase in the
urinary activity of NAG-B (considered as

the lesional form of NAG) with CdU has
been found that is already significant in a
subgroup that excreted 0 5 to 2 pjg Cd/g
creatinine. The existence of a specific asso-
ciation between the urinary activity of
NAG-B and CdU with no detectable CdU
threshold suggests that Cd may produce
cellular changes in the kidney at urinary Cd
concentrations presently considered as in
the normal range for populations with only
low environmental exposure to Cd.

All these results reinforce the interpreta-
tion that the alleged association between
urinary NAG activity and moderate expo-
sure to Pb reported by several authors is fre-
quently due to the fact that these authors
have neglected to take into account the
slightly increased body burden of Cd that is
a frequent finding in workers exposed to Pb.
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NOTICES

Occupational Disorders of Vibration
(all aspects) 15-16 September 1995.
Ohrid, Macedonia.

The Symposium is organised by the
Macedonian Society of Occupational
Health founded in 1992.
The Symposium will comprise:
* physical characteristics of vibration;
* epidemiology;
* clinical aspects;
* treatment;
* prevention.
For further information contact:

Macedonian Society of Occupational
Health, Institut za medicina na trudot, II
Makedonska brigada 43, 91000 Skopje,
Republic of Macedonia. Tel/fax + 389 91
26 48 05.

Third Annual ICOE Intensive Course
in Occupational Epidemiology. 28
May-2 June 1995. Wermelskirchen,
Germany.

Purpose: The ICOE offers five days of prac-
tical instruction in designing, analysing and
interpreting occupational epidemiological
research. Specifically developed for occupa-
tional physicians, industrial health and safe-
ty managers, and other health professionals,
the ICOE uniquely combines lectures with
workshops, hands on microcomputer data
analysis exercises, and seminars on recent

epidemiological research in Europe.
Topics: Planning occupational cohort, case-

control and other studies; strategies for con-

trolling confounding and preventing bias;
how to analyse occupational health data:
criticising epidemiological research; con-

ducting epidemiological surveillance in the
workplace.

Faculty: Professors Harvey Checkoway
(author of ICOE text, Research Methods
in Occupational Epidemiology), Carol Bigelow
(Biostatistician and data analyst) Kenneth
Mundt (Epidemiologist and ICOE
Director), and several noted seminar
speakers.
Fees: Programme: DM 1600,-(includes
tuition, texts, materials, computer use and
software), DM 1000,-for students.
Accommodation (single room with bath
and full board): DM 700,-Scholarships
may be available.
The course is presented jointly by:

Institut fur Epidemiologie und Sozial-
medizin, University of Munster; Applied
Epidemiology, Amherst, Massachusetts,
USA; Akademie fur offentliche Gesundheit,
University of Bochum.

Note: Early registration is recommended,
as space is limited. Future ICOEs are
scheduled for 9-14 June, 1996 and 1-6
June, 1997 in Wermelskirchen, and 13-17
January, 1997 in Paris.

For further information, contact: Walter
Dieckmann, Dipl rer soc, Akademie fur
offentliche Gesundheit, D-44780 Bochum,
Germany. Phone: 49 (0)234 700-5162;
Fax: 49 (0)234 709-4325.

BOOK REVIEW
Book review editor: R L Maynard

If you wish to order, or require further
information regarding the titles reviewed
here, please write or telephone the BMJ
Bookshop, PO Box 295, London WC1H
9TE. Tel: 0171 383 6244. Fax: 0171 383
6662. Books are supplied post free in the
UK and for British Forces Posted Overseas
addresses. Overseas customers should add
15% for postage and packing. Payment can
be made by cheque in sterling drawn on a
UK bank, or by credit card (MasterCard,
VISA, or American Express) stating card
number, expiry date, and your full name.
(The price and availability are occasionally
subject to revision by the Publishers.)

Cellular and molecular effects of UVA
and UVB. NA CRIDLAND, RD SAUNDERS (Pp
95; price £10). 1994. Chilton, Oxford:
National Radiobiological Protection Board.
ISBN 0-85951-3742.

Recent years have seen a substantial
increase in the incidence of both melanoma
and non-melana skin cancer, both of which

have been associated with exposure to sun-
light. At the same time it has become appar-
ent that progressive depletion of the
stratospheric ozone layer is occurring, most
obviously in the southern hemisphere, with
an increasing potential for ultraviolet radia-
tion between 280 and 315 nm (UVB) to
reach the surface of the earth. Ultraviolet of
slightly shorter wavelength (100-280 nm,
UVC) has been widely used in DNA repair
and mutation studies and through its use
there have been recent breakthroughs in our
understanding of the dual role of several
human gene products in both DNA repair
complexes and transcription complexes.
The UVC from the sun, however, fails to
reach the earth's surface and attention has
perforce turned to UVB and UVA that pro-
duce a different spectrum of photoproducts
from UVC. In sunlight there is more UVA
than UVB, but the UVB is much more bio-
logically potent for a given radiant expo-
sure. Both are less potent than UVC and
although a great deal is known about UVC,
the photoproducts it gives rise to in DNA,
and the mutations that may ensue, this
information cannot be directly extrapolated
to UVB and UVA.

This small monograph comprehensively
reviews what is known about the effects of
UVA and UVB on cells and the molecules
within them. The information is set in the
context of the accumulating evidence that
UV(A + B) is a complete carcinogen. A role
in initiation was predictable from our cur-
rent understanding of the effects of UVC
photoproducts in DNA, many of which are
also generated by UVA and UVB. There is
a chapter devoted to mutagenesis, including
effects on oncogenes and tumour suppres-
sor genes, as well as chapters on DNA
damage and DNA repair. For tumour pro-
motion, the most relevant data concern a
complex stress response the effects of which
may include an increased rate of cellular
proliferation that would allow clonal expan-
sion of initiated cells. This is admirably cov-
ered in a chapter on gene expression that
covers effects on expression of proto-onco-
genes and tumour suppressor genes, and
genes involved in intercellular signalling,
DNA repair and specific protective func-
tions, and activation of viruses and genes
associated with tissue proliferation.
Tumour progression may be influenced

in several ways, but it is clear that effects of
UV on immune cell function, well sum-
marised in chapter 7, may be crucial, along
with further mutational changes that
enhance the invasiveness and metastatic
potential of a tumour.
The depth of discussion in the mono-

graph is sufficient to allow a reasonably
accurate grasp of the area without obfuscat-
ing detail. As a concise primer it is to be
recommended. At £10 for 95 A4 pages
including a glossary, it is also fair value for
money.

BRYN BRIDGES
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