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Serum angiotensin-converting
enzyme, soluble E-selectin and
laminin in subjects occupationally-
exposed to volatile organic
chemicals and mercury vapour
Alison J. Stevenson and Howard J. Mason

This study attempts to confirm previous findings of altered
serum soluble E-selectin and laminin in workers exposed to
volatile organic chemicals (VOCs) and further explore
evidence of endothelial cell disturbances in workers exposed
to VOCs and mercury vapour. Serum angiotensin-converting
enzyme (ACE), soluble E-selectin and laminin were measured
in a cross-sectional study of workers exposed to a small range
of VOCs (n = 21), mercury vapour (n = 32) and a control group
(n = 50). Both endothelial markers, ACE and E-selectin were
significantly higher in mercury- and VOC-exposed workers.
Laminin was significantly lower than controls in the VOC-
exposed. These results confirm our previous initial findings in
workers exposed to VOCs of endothelial disturbances and
decreased serum levels of a constituent of basement
membranes, namely laminin. In the mercury-exposed workers
who had relatively high occupational exposure for the UK,
there was also evidence of endothelial disturbances. The
ubiquitous nature of endothelial cells and the underlying
structural basement membrane associated with the
vasculature means that it is impossible to state with any
certainty the site of the action of these chemicals. However
due to the ease of absorption of VOCs and mercury via the
pulmonary system, and the metabolism of VOCs in the lungs
themselves, it is probable that the initial site of the
disturbances noted is in lung endothelia and associated
basement membrane.

Keywords: soluble E-selectin, laminin, hydrocarbons, volatile
organic chemicals, endothelial cells, pulmonary system,
basement membranes.

Introduction
A ngioten sin- conv ert ing enz yme (EC 3.4 .15.1 )  is a

p ep t id y lp e p tide  h yd ro l ase  fo und  m ain ly on the lum in al

s u rface of  vascu lar  endothelia l  ce l ls and ce l ls  der ived fro m  th e

m on ocy te-m ac rop hage system  (Beneteau-Burn at  a n d B ua d in

1991).  High levels of  this m em brane-bound pro tein are  locat ed

in  p u lm o n a ry  capil lar ies.  Increases  in  seru m  an gio tensin -

co n v ert ing enzyme (ACE ) have  been  re p o rted in  p atholo gies

st im u lat ing mo nocyte cel l  l ines such the gr anulo m at ous

disease,  sarcoidosis (Gronhagen-Riska 1979). ACE  has also

been fo und to  be abnorm ally  hig h i n  occu patio nally- caused

p u l m o n a ry  d iseases,  such as si l icosis and asbesto sis

(Gronhagen-Riska 1979, Owczarek and L ew czuk 1991),  in

c u rre n t  u n d ergrou nd coal-m iner s  (T ho mp son et  al.  1991), as

well  as in  sev eral  n on-pulmo nary  c hro nic  di se ase s inc lud ing

diab etes and  alco hol ic  hy pertension (L ieberm an  a nd  S a st re

1980, Lauta 1990 , Yam a d a  et al. 1991).  These f indings suggest

th at  increased  ACE m ay reflec t  lung macrophage act ivat ion,

disturbances of  the vascu lar  endothelium  in th e lung or  of  th e

general ized en dothelia .  Recently  th e measurem ent of  the

so luble  form  of the vascular  adhesion m olecu les,  E -se lect in ,

has been  re p o rted to  be a spec if ic  marker of  endothel ial  cel l

ac t ivat ion or  dam age (Gearing and Newman 1993).

Disturban ces of  the vascular  end othelium  m ay be imp ort a n t

given it s ro le  in  the contro l  of  vascular  tone,  haem ostasis,

p e rm eab il i ty,  f ibrinolys is  and synthesis of  growth factors 

(Van e et  al.  1990).

In  a  previo us st udy on possi ble  m echan ism s fo r  t he

re lat ion sh ip  between volat i le  organ ic chemica l (VOC)

ex p o s u re  and  ren al  dam age, we found indicat ions of

distu rb ances to  vascula r  endo the lium  and  th e u nd erly ing

basem ent mem b ran e (S tev enson et  al.  1995). Damage to

ba sem e nt  m em b ran es su p po rt ing endothelia l  s tru c tu res w i th in

the  lu ng  an d su bsequ ent  au toan tib od y p ro du ction  h av e b een

re p o rted  as a m echanism  for  in i t ia ting glom eru lo n ep h r i t i s

(Nelson et al . 1990). We have at tem pted to  conf irm  th o se

findings in  a separate  VOC-exposed cohort , as  well  as s tu dying

a group of  w orkers  exposed to  m erc u ry  v ap o ur,  wh ic h is

read ily  absorb ed thro ugh  the lun gs and has been  asso ciated

w ith  renal  dam age (Bennet  et al . 1991) . We re p o rt  h ere ACE

levels  and  serum so luble  E -se lect in  in  th ree gro ups of  health y

indiv iduals;  two of  the gro up s ha d b een  ch ronical l y  exp osed at

work to  ei ther  m erc u ry  vapour or  a  l im ited number of  VOCs.

S eru m  la m in in ,  w hich  re lates to  basem ent m em brane turn o v e r

(Ristel i et al. 1982,  Tom o n o  et al . 1991),  was also measure d .

METHODS AND POPULATION
ACE was measured kinetically at 37°C using 1 mM 3-(2-furylacryloyl)-L-

phenylalanylglycylglycine as substrate in pH 8.2 borate buffer. Serum-soluble 

E-selectin and laminin were measured using enzyme immunoassay (R & D

Systems, UK). The antibodies used for the laminin assay are directed against 

two specific epitopes on the B2 chain of the laminin molecule, therefore both

fragments containing these epitopes and the intact molecule are measured.

Serum samples were stored at ± 70°C until analysed in randomized batches.

Quality control samples were analysed with each batch of samples for each assay.

Mercury-vapour exposed workers (n = 32) were selected from volunteers

participating in a large cross-sectional study of mercury exposure and health

effects in the UK. Selected individuals had at the time of study both a blood

mercury level of greater than 40 nmol l± 1 and an untimed urinary mercury level of

greater than 40 m mol mol± 1 creatinine. Subjects had been occupationally-exposed

to mercury vapour and not to any other heavy metal or VOC. Monitoring of

atmospheric mercury exposure using passive sampling badges was performed on

the same day as venepuncture and urine collection. The VOC-exposed subjects 

(n = 21) worked at a single factory where finished rubber and vinyl products were
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produced. Exposure was principally to toluene, n-heptane, methylcyclohexane and

xylene. On the day of blood sampling the atmospheric levels for the four solvents

were measured using personal diffusive sampling tubes (Wright 1987). An additive

notional VOC exposure index was calculated for each subject calculated from

fractions of the UK exposure limit for each VOC at the time of the study. None of

the VOC- or mercury-exposed subjects had abnormal liver function tests

(transaminases, gamma-glutamyl transferases (GGT), alkaline phosphatase,

bilirubin) compared with laboratory reference ranges. Subjects in both occupational

cohorts completed a short health questionnaire including questions on smoking

and alcohol intake. The third group, controls (n = 50), were volunteers with no

occupational mercury or VOC exposure. All individuals were healthy, without any

history of diabetes, hypertension and not on any current prescribed medication.

Results
Table 1  show s both  the m easure d per so nal  ex po sure  levels in

the  m erc u ry - and VO C-ex posed worker s and m erc u ry

biologica l  monitoring data . Table 2  show s the b iochem ical

m e a su rem ents,  age,  sex  an d current  sm okin g status in  the

t h ree gro ups.  Serum  ACE  was  signif ican tly  higher  in  subjects

ex posed  to  m erc u ry vapour and VOCs.  Soluble  E-select in  was

signif icantly  higher  in  th ose  subjects  exposed to  m erc u ry

v apo u r an d w as i ncreased in  the VOC-exposed  gro u p  tho u g h

this just  fai led to  reach signif icance.  Seru m  l am in in  w as

signif icantly  low er  in  the V OC-exposed  group.  The VOC-

exp osed grou p had  a s ignif icantly  greater  pro p o rt ion of

f em ale s w hen  com p ared  w ith  th e con trol  grou p .  W h en  th e

influence of  sex on  the three  bio chem ical  m easure m e nt s  w a s

invest igated in  the contro l group only A CE  was sh own to 

be stat ist ica l ly  signif icantly  higher  in  m ales than fem ales 

(97 versus 79; p = 0.047) . Current  o ccup atio na l  ex po sure  w as

higher  in  m ales than fem ales  as evidenced f rom  b loo d m erc u ry

levels (m ean  156 vs 85 nmol l±1)  and notional  addit ive VOC

e x p o su re index (m ean 0.44 vs 0 .22). Tab le 3  sh ow s the

com par ison of  male VO C and  merc u ry  w orker s with contro l

m a les.

T h e p ro p o rt ion  of  sm okers and no n-sm ok er s w as s imilar  in

al l  three  group s (Table 2) .  Subdivision of  the occupational

c o ho rt s and  c on tro ls b y current  sm oking status sugg es ted that

i t  had no signif ican t  influence on ACE , E -se lectin  or  lam inin

levels.

A signif ican t  posi tive re lat ion sh ip b etw een aclo hol  int ake

a nd  se rum -soluble  E - se lect in  w as  fo und within th e m erc u ry

workers (r = 0.48 , p = 0.005) but not in  the VOC-exposed

subjec ts.  After  rem oval  of  those  m erc u ry  workers  w ith w eekly

alcohol intakes  greater  th an the ma xim um  valu e foun d in  the

other  two groups (40 units per  week) , E -se lectin  levels were

st i l l  signif icantly  higher than  contro ls (p = 0.04) . Neith er  ACE

no r serum  l am inin in  the in div idu al  g rou ps,  o r  in

co m bin atio n,  were  rel ated  to  alcohol intake.  Posi t ive

c orrela t ion coeff icients  be tween  ACE  and E -se lectin  were

fo und in  both th e VO C and m erc u ry  gro ups,  namely 0.368 (p =

0.13)  and 0.481  (p = 0.00 8)  respe ctively.

S erum  lamin in  was s ignif icantly  lower in  the VO C-exposed

c o ho rt  c om p ared  wi th ei th er  the co ntro l  or  m erc u ry -ex po sed

gro up . M ult ip le  regress io n an alysis  w as perform ed using age,

sex,  a lcohol intak e,  smoking statu s,  durat ion of  o ccupational

e x p o su re  or  an index  of  current  a tm ospher ic VO C expo sure  as
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Mean Range

VOC exposure

Toluene, ppma 5 1± 71

Xylene, ppma 1.3 0.5± 4

Methylcyclohexane, ppma 9 4± 29

n-Heptane, ppma 9 4± 28

Notional exposure indexa 0.21 0.1± 1.45

Exposure, yearsa 7.2 0.3± 34

Mercury exposure

Hg, mg m± 3 0.15 0.016± 2.11

Urine, Hg, m mol mol± 1 creatinine 59 41± 134

Blood Hg, nmol± 1 104 48± 293

Exposure, yearsa 5.2 0.6± 47

Table 1. The means and ranges for VOCs and mercury vapour from the

measured personal atmospheric samplers, expressed as 8-h TWAs, mercury

biological monitoring data and duration of occupational exposure are shown.

a Geometric mean.

VOC group Hg group Control group

n = 21 n = 32 n = 50

ACE (IU l± 1) 162 (49) 125 (65) 92 (30)

p < 0.01 p < 0.01 Ð

E-selectin ( m g l± 1) 52.9 (15.9) 54. 4 (18.0) 44.3 (14.1)

p > 0.05 p < 0.05 Ð

Laminin (m g l± 1) 412 (78) 472 (62) 470 (87)

p < 0.05 p > 0.05 Ð

Age (years) 36.6 (9.4) 40.5 (14.0) 43.7 (12.6)

p > 0.05 p > 0.05 Ð

Sex (m/f) 8/13 26/6 35/15

p = 0.017 p = 0.31 Ð

Current smoker (yes/no) 12/9 18/14 26/24

p > 0.05 p > 0.05 Ð

Alcohol (units per week) 8 (1± 37)* 12 (1± 58)* 9 (0± 40)

p > 0.05 p > 0.05 Ð

Table 2. The means (sd) for the biochemical measurements in the three

groups are shown, except for alcohol intake where median and range are

shown.

Significance levels (p) between exposed and control groups were derived from

Dunnett’s multiple comparison test in one-way analysis of variance. Fisher’s

exact test was used to test significance of proportionality. Kruskal± Wallis test

was used to compare alcohol consumption.

ACE E-selectin Age

(IU l± 1) (m g l± 1) Laminin (m g l± 1) (years)

VOC males 176 (46) 65.1 (18.4) 410 (72) 38.2 (9.6)

n = 8 p < 0.01 p < 0.01 p < 0.05 p > 0.05

Hg males 135 (60) 56.8 (17.6) 477 (63) 41.4 (14.4)

n = 26 p < 0.01 p < 0.05 p > 0.05 p > 0.05

Control males 97 (30) 46.1 (14.7) 480 (84) 43.0 (12.3)

n = 35 Ð Ð Ð

Table 3. Comparison of biochemical measurements in male mercury and VOC

workers with male controls.

p-Values were derived from Dunnett’s multiple comparison tests from analysis

of variance.
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e xp lan atory  factors for  se rum lam inin lev els  in  the VOC-

expo sed w orkers . None of  these  explanatory  factors appeare d

as signif ican t  influences on seru m  l am inin leve ls .

Discussion
T he data  in  this rep o rt  suggest  that , a t leve ls of  occupat ional

e x p o su re  e nc ou n tered in  the UK to ei ther  merc u ry  vapo ur o r

som e co mm on VOCs, increa sed ACE and so luble  E -se lect in

levels are  found. T he levels  of  b loo d and urine m erc u ry  fo u nd

re p resent  hig h occup ation al  m erc u ry  ex po sure  w ithin the U K.

A  hea lth  guidance value of  20 m m o l m o l±1 c reat inine for

u r in a ry  m erc u ry  h as recently  been  pu blished  (HS E E H4 0/96

1996) . T he  finding for  VOCs and so lub le E-se lec tin  confirm s

o u r  previous observations in  different  VOG -exposed cohort s

(Stevenson et  al.  1995).  H ow ever,  for  the merc u ry  gro u p  th e

inf luence of  a lco hol consum ption makes the effec ts of the

m e tal  ex po sure  on inc reas ing E-se lect in  levels a l it tle less

c e rta in .  None of  the variab les m easured  h e re  w ere  sh ow n to be

age- re lat ed.

Evidence  for  a decrease in  serum  lam inin i n  a  di ffe re n t

group of  V OC-exposed subjec ts  has already been  re p o rt e d

(Stevenson et  al.  1995). We have fou nd one cl inical  re p o rt of

d e c reased,  r a ther  than  increased,  serum  lam in in lev els ,

re p o rtably  re flect ing a  pathologica l  depre ss io n in  b asem en t

m em b ran e tu rnover  (Veijola et  al.  1993) . The data from  a few

other  occu patio nal  VOC studies are  in consistent .  A  study  by

M ut ti  et  al.  (1992)  desc ribed increased  serum  lam inin lev els  i n

a cro ss-sect ional  study of  workers  exposed to

p e rch lo ro eth ylen e;  wh ereas Hotz et al.  (1993)  found decre a s e d

s eru m  lam inin  in  w orker s exp osed to  hy drocarbons for  a long

time, ascrib ing th is to  a se lec tion or  `hea lthy worker’  eff ec t.

W hether som e V OC exp osure s d irec tly affect  basement

m em brane m etabolism  m eri ts  f urth er  s tu d y.

ACE  is  located  in  high con centr at ion s on  the lum inal  surface

of  vascular  en dothel ia l  cel ls,  especially  the lungs, and ce l ls

der iv ed  from  the m on ocyte-m acrophage system (Beneteau -

B u rnat  an d Buad in  1991).  Whilst A CE has  been  used to

d iagnose sarco idosis,  it  is increased  i n  other  pu lm on ary

pathologies  such as si l ico sis and asbestosis (Gronhagen-Riska

19 79, Owczarek  and Lewczuk 1991). Increa sed  levels of  ACE

have also been re p o rted in  act i ve u nd ergro un d co al-m in ers

(T h o m p so n  et al . 1991);  the  au thors suggested  that  ACE  may

ref lect  alveolar  macrop hage act ivat io n d ue to  inh aled dust .

H o w ev er, ACE has been  re p o rted  to  be elevated in  ex tra-

p u lm o n a ry  di seases includ ing alcoho lic  hy pert en sio n  an d

diabetes (L ieberm a n an d S ast re 1980 , Yam a d a et al . 1991),  and

th e re  is w ide interindividu al  variation of  ACE  ev en  in  norm a l

subjec ts due to  a  large genetic  com ponent (Alhenc-Gelas  et al.

1991). The VOC and m erc u ry  w orker s in  th is  s tudy  had  neit her

a b n o rm al GGT  act iv i t ies,  excessive alcohol intake nor a  history

o f hy pertension or  diabetes.  In  none of  the grou p s s tu d ie d  w as

re p o rt ed  cu rrent  alcoh ol intake rel ated  to  ACE  levels.

T h ere  are  p resently  less  re p o rted  data  on seru m -solubl e  

E -se lect in  levels  in  disease,  pathology or  tox ico logy. Incre a se d

levels of so lub le E-se lec tin  ref lect inflamm atory  in su lt s

spec if ical ly  to  end othelial  cells  due to  i ts restr ic ted secre t io n

from  that  ce l l  typ e,  bein g increased i n  d iabetes,  hy pert en sio n,

vasculi t is  an d sclero d e rma (Carson et al . 1993, G earing and

New m an 1 993 , Blann  et al . 1994).  The increased  levels  of  both

ACE  and serum E -select in  in  the V OC-exposed workers m ay

reflect the chronic  interact ion  of  volat i le VOCs with

end otheli a l  c el ls  i n  pulm on ary  capi l la r ies as the V OC transfers

from  the inhaled g aseous phase  into intra-  and ex tr a-cellu lar

f luids. M etabolism o f so lv en ts  such as  xylene and toluene to

react ive metaboli tes  occurs in  lung t issue (Patel  et  al. 1978)

and m ay  lead to  an infl am m atory  ce l lular  re sp o ns e.

T he poor level  of  correlat io n between serum  AC E  and

soluble  E -sel ect in  suggest s that these biomarkers ref lect

d ifferent  aspects  of  endo th el ia l  cel l  dis turbances or  diffe re n t

sites of  effec t . Given the importance of  th e in hala t ion rou te  for

m e rc u ry  vapo ur ab so rptio n an d the rapid  intr acellular

accum ulation and  oxid at iv e m etabo lism  of  m etal l ic merc u ry  to

the  p ro tein-bind ing m ercuric  form (Ber l in  1986) , i t is not

unlikely that  high  levels  of  inhaled  merc u ry  va po ur  c ou ld

inf luence the s tatus of  p ulm onary  endothelia l  cel ls . T hus,  th e

in c reases in  ACE and so luble  E- sel ect in  in  both the VOC and

m e rc u ry  w orkers re p resent  a  subclinical  dis turban ce  o f  the

va scu lar  end oth eli um , probably in  the lungs.
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