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Antibodies to collagen IV in the
serum of workers exposed to
hydrocarbons and volatile organic
chemicals
A. J. Stevenson, H. J. Mason, P. Pai, M. Yaqoob and 
G. M. Bell

Significant numbers of workers (14%) chronically exposed to
volatile organic chemicals commonly found in spray paints
had elevated levels of uncharacterized antibodies to collagen
IV, a basement membrane protein. No increased frequency
of subjects with positive results for anti-glomerular basement
membrane antibodies (anti-GBM) was found in this group.
These anti-GBM antibodies are directed against a specific
epitope on the non-collagenous domain (NC1) of the a 3 chain
of collagen IV. Anti-GBM antibodies are diagnostic for
Goodpasture’s syndrome that has been reported to occur
following acute inhalation of volatile substances. In another
group of workers, exposed both dermally and by inhalation to
petroleum-based oil mists, 5% had positive results for anti-
GBM antibodies. We conclude that the measurement of
general, uncharacterized antibodies to collagen IV may be a
useful indicator of basement membrane damage in workers
occupationally exposed to volatile organic chemicals.
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Introduction
Im mu nolo gical  m echan ism s h ave been  po stu lated to  play  a

role  in  the developm ent of  renal  disease fol lo wing ex posu re  to

h y d rocarbons (HCs)  and volati le  organic chemical s (VOCs)  by

several  au thors (Bei rn e an d Brenn an 1 972 , Nelson  et al . 1990,

Roy  et al. 1991) . Perh aps t he m ost  wel l  d oc um en ted case,

w h e re  im m u ne  m ech a ni sm s are  know n to b e involved,  is that

of  Good pasture’ s  sy n d rom e  w hich ha s be en re p o rted  to

develop fol lowing acute  inhalat ion of  VOCs. T his disease is

charac ter ized by th e appearance of  patho genic autoantib odies

to a spec if ic  epitope on the non-co llagenous domain (NC1) of

th e  a 3 chain  of  co llagen  IV, a  matr ix  pro t ein fo un d in  lun g and

glo merular  basem en t m emb ran es  (anti- GBM antibodies )

(Bom bassei  and Kaplan 1992).  T hese  an tibodies m ay occur

following injury to  lung or  glom eru lar  b asem en t m em b ra ne

resu lt ing  in  al terat io ns to  basem ent m em brane co m ponen ts

and sub sequent  an tibody-m ed iated disease (S alant  1987) .

Oth er less ch aracterized an d po ss ibly non-pathog en ic

ant ibo die s to  basem en t m em b ra ne com p one nts  su ch as

laminin and collagen IV can be pro duced  fol low ing  chem ical

e x p o su re.  Increased  serum  con cen trat ions of  these less

charac terized  au toantibodies m ay  be u seful  m ar ker s of  general

ba sem en t m em brane distu rb anc es in  po pu lat io ns exp osed to

p ote nt ial ly  n ep hro to xic  chem ica ls .

We re p o rt  he re  serum  concentrat io ns of  gener al ,  non-

epito pe character ized auto-antibo dies to  co llagen IV and the

specif ic antibody to  the co llagen  IV epitope im plica ted  in

G oo d pa stu re’ s  sy n drome (an ti-GBM) in a cro ss- sect ion al  s tudy

of workers occupat ionally  exposed to  a  range of  HCs and

VO Cs com mo nly found in  spray paints and m ineral  oi ls.

POPULATION AND METHODS
Two groups of healthy males occupationally exposed to various HCs and VOCs

were studied. Group 1 comprised 111 paint sprayers exposed mainly by

inhalation to a range of volatile chemicals including xylene, toluene, butanol,

naphthas and glycol ethers. Group 2 comprised 100 transmission shop workers

exposed both dermally and by inhalation to HCs in petroleum-based oil mists. The

mean duration of employment in these two groups was 21 years and 22 years

respectively. Cumulative hydrocarbon exposure scores were estimated for each

worker by means of a validated questionnaire (Hotz et al. 1989, Yaqoob et al.

1993), and were calculated as the product of the appropriate intensity factor and

the total number of hours’ exposure to hydrocarbons. Atmospheric levels of VOCs

and oil mist at the time of this study were within UK permissible limits. The limits

at that time were: 100 ppmÐ xylene; 100 ppmÐ toluene; 50 ppmÐ n-butyl

alcohol; 5 mg m± 3 Ð mineral oil mist. Reports on subclinical renal alterations and

other basement membrane disturbances in these workers have already been

published (Yaqoob et al. 1993, Stevenson et al. 1995). The control group (Group

3) was made up of 108 males with no known occupational exposure to HCs or

VOCs. Some characteristics of the three groups are shown in Table 1. All three

groups were comparable in terms of age and numbers of smokers. The two

exposed groups were comparable in terms of alcohol consumption, however the

paint sprayers had a significantly higher mean exposure score than the

transmission shop workers (p < 0.001).

Samples were randomized before analysis and quality control samples were

run with each batch of samples for each assay. Serum anti-GBM antibodies (to the

NC1 region of the a 3 chain of collagen IV) were measured using a commercial

immunoassay kit which is widely used in the clinical diagnosis and management

of Goodpasture’s syndrome (BioDiagnostics, UK). Uncharacterized antibodies to

collagen IV were measured using an immunoassay developed in-house. Briefly,

samples diluted 10-fold in phosphate buffered saline (PBS), containing 0.1%

bovine serum albumin, were incubated overnight at 4 °C in microtitre plates

previously coated with 1 m g ml± 1 human collagen IV (Gibco BRL, UK). After four

washes in PBS (0.02% Tween) the plates were incubated with a peroxidase-

labelled rabbit antibody to human IgG, A, M (Serotec, UK). After washing and

incubation with the substrate orthophenylenediamine (OPD) the plates were read

kinetically at 450 nm. Units are quoted as the rate of change in absorbance.

The prevalence of increased concentrations of serum GBM and collagen IV

antibodies in exposed and control groups was compared using one-tailed Fisher’s

exact tests. Group means were compared using Dunnet’s test on one-way

ANOVA. Multiple regression analyses were used to investigate the effect of

possible confounding factors such as exposure score, age, smoking or alcohol

intake in exposed subjects.
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Results
T he 97.5 p ercent i le  in  th e control gro up  w as u sed  t o  d ef ine

a b n orm ali ty  in  th e tw o expo sed gro ups for  antibod ies to

co llagen IV. Abn ormali ty  for  the ant i-GBM assay w as defined

as grea ter  than  20 EL ISA uni ts (E U),  with 10±20 EU be ing

defined as `borderl ine ’ ,  quo ted by the m anufacturer  of  this

cl inical ly  v al id ated  assay. Figures 1  and  2 show  the

dist r ibution of  results in  each group.  A mon g su bjects  

exp osed  to  VO Cs com m only fou nd in  spray  paints ,  14 %  h ad

elevated  serum  con centr at ion s of  autoantibodies to  collagen

IV (p = 0.0005) .  A signi f ican t  number of  subjec ts  in  this gro u p

also had an ti-G BM resu lts def ined as `borderline ’  by the assay

m an ufa ctu rer  (7% , p = 0.0038).  In the  gro u p  e xp o sed  m ain ly

to  petro leum -based oil  m ists ,  5%  h ad serum anti-GBM

antibod ies greater  than 20EU (p = 0.0244).  In  addition ,  a

signif icantly  increa sed  p ro p o rtion of  th is  gro u p  h a d

`bord er line’  an ti -GBM resu lts  (1 0% , p  = 0.0005 ).

Group 1 had a  signif icantly  higher HC exposure  sco re  t h a n

grou p  2 w h en  co m p a red  using two-tai led Stud en t’ s  t- test

(Table 1) . Subject s in group 1 with `border l ine’  an ti -GBM

results had  a  signif icantly  increased m ean H C expo sure  sco re

th an  t ho se  w ith no rmal  an ti -GBM resu lts (103012 ‰36013)  vs

77050  ‰29 563, m ean ‰SD, p = 0.0202),  using two-ta i led

S tud ent ’ s  t- test.

Fo llow in g a ppro pri ate  no rm al izat ion o f  data ,  m ult iple

regress ion analysis in  the exposed subjects  w as u sed to

invest igate the influence of  exposure  sco re ,  age, alcohol  intake

(units per  week) an d smoking (pack years)  as poss ib le

ex plan ato ry  factors for  the abnormalit ies . N o re lat io n ship w as

fo und betw een these  variables and the level  o f  autoantibod ies

m e a su re d  h ere  (data  n ot  show n).

Discussion
In  a previou s stu dy we dem on st r ated so m e evid ence o f

end othelia l  cel l  d amag e and  basem ent m em brane al t erat ion s

in the same g roup of  workers exposed to  VOCs and HCs

stu d ie d  h e re  (Stevenson  et  al. 1995). This re p o rt  sho ws furt h e r

evid ence of  b asem ent mem b rane disturb ances in  w orkers

exp osed  to  spr ay pain ts,  in dicated b y an increa sed  p re va len ce

of subjec ts w ith  abnorm ally h igh serum  co ncentr at ion s of

uncharacterized autoantibodies to  collag en  IV and  incre a se d

num bers of  subjects  with  `borderline ’  an ti-GBM ant ibody

resu lts in  the sam e gro up.  T his  p at tern  o f  dam age ap pears

dist inct  to  that  f ound  in  w orkers  expo sed to  petro l eu m -b ased

oi l  m ists  w here  in creased num ber s o f  subjects  w ith

a b no rm ally h igh serum  levels  of  anti-G BM antibodies  to  the

specif ic  co llagen IV epitope implicated in  G oodpasture’ s

s y n d ro m e, were  fou nd.

Bom b assei  et al . (1992) have re cent ly  re v ie w ed  th e

li ter atu re  on  th e asso ciat ion  betw een HC/VO C ex posure  a n d

anti-GBM m ed iated ren al  disease and  sug gested  a  cau sa l

rel at io n ship b etw ee n ex p o sure  to  HCs/VO Cs and

d eve lop m en t of  G o od pa st ure’ s  sy n d ro me. A  rece nt  s tud y of

c h ro n ic  p erc h lo ro ethy l en e ex p o sure  in  dry  clean ers  b y M utt i

et  al.  (199 2) did not  f ind an  increase in  num b ers o f  sub jects

w ith raised an ti-G BM  antibod ies,  a l thou gh the mean  seru m

anti-GBM level  was increa se d c o m p a red  w ith  c o nt ro ls.  Mu tt i

sug gest ed tha t  t his  f i nd ing  m ay ind ica te  a uto im m u ne

glom eru lar  dis turbances,  f ol low ing  episod es of  acute  peak

A. J. Stevenson et al.64

Paint sprayers Transmission shop Controls

n = 111 n = 100 n = 108

Age (years) 45 ± 7.7 49 ± 7.0 42 ± 6.4

(mean ± SD) 

Current smoker 27/84 23/70 22/32

(yes/no)

Alcohol (units per week) 21.3 ± 9.0 20.2 ± 10.4 ±

(mean ± SD)

Exposure score 72508 49354 ±

(geometric mean) 9440± 156300 755± 108000

(range)

Table 1. Age (mean, sd), smoking status, alcohol consumption and exposure

score (geometric mean, range) data are shown where available.

Figure 1. The distribution of anti-collagen IV antibodies in serum is shown for

each group. The dotted line indicates the 97.5 percentile derived from the control

group.

Figure 2. The distribution of anti-GBM antibodies in serum for each group is

shown. Dotted lines indicate ̀ borderline’ positive results at 10 ELISA units and

positive results at 20 ELISA units as defined by the assay manufacturer.
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e x p o su re  to  p erc h lo roe thy le ne,  in  su scep tibl e  i nd iv id ual s .

T he  g ro u p  o f  t r an s m issio n  sh o p  w o rk e r s  i n  o u r  s tu d y,  w h e re

sign if ic ant  n u m be rs of  sub jec ts  w i th  p osi t iv e an ti-G BM

t i t re s  w e re  fo u n d , h a d  b e e n  ch ro n ic a l l y  ex p o se d ,  b o th

d e rm al ly  an d  b y  i n ha la t io n ,  to  o i l  m i sts  f o r  a pp ro x im a te ly

2 2  y ea rs .  H o w ev er,  higher  ` peak ’  exp osure s m a y  h a v e

o c c u rre d d u r in g  th i s  t im e res u lt i n g  in  t h e p ro d u c tio n  o f

th es e a uto an t ib o d ies.  I t  sh o u ld  b e  n o t ed  t ha t  w ork e r s  w ith

a n y  h i sto ry  o f  c l ini cal  re n al  d is ea se  h ad  b e en  e x c lu d e d  f ro m

t h i s  s t u d y.

C he m ica ll y- in d uc ed  v asc ul ar  d am age  m ay  e xp o se  su b -

e n d o th e li a l  b ase m e n t m em bra n es  t o  th e  im m u n e sy st e m

w i th su b seq u en t  f orm at io n o f  au to an tibo d ies to  ba se m en t

m em b ran e  co m po n e n ts .  I n crea se d  s erum  c o nc en tr a t i o ns o f

u nc haract er ized  an tib o die s to  co lla gen  IV  h av e b een

re p o rt ed  i n  cl ini cal  s t ud ies of  pa t ie nt s  w ith scle ro d e rm a ,

R ay n au d’ s  d isease a nd  syst em ic vascu li t is  (P etty  et  al.  19 86,

G abriel l i  et  al. 1988, Dire ske n el i  et  a l. 1994) . I n  a  stu dy by

K efalid es  et  al . (19 86)  auto antib odies to  reg ion s of  the

co llagen IV m o lecu le  differen t  t o  t ha t  im p li cat ed  in

G o o d p a stu re’ s  s y n d ro m e  w e re  d et ec te d  in  p at ie n ts  w i th

p o st st rep to co ccal  g lom eru lon e ph r i t i s .  A n tib o dies t o  l am in in

w e re  also re p o rted  in  th ese p atien ts.  K efal ides su gge sts  that ,

f o l lo w in g t issu e dam age ,  t he au to an tib od ies pro d u c e d  m a y

b e  d irecte d ag ain st  a l l  t he in teg ral  ba sem en t m em b ra ne

c om po ne nt s ,  ra th er  t ha n a  s in g le  co m p on en t o r  a  s in g le

e pi to pe o n an  a nt ige n.  A n other  au tho r  su gg est s th at

a n t ib o d ie s d irected  aga inst  o ther  sub uni ts of  ty pe IV

c olla gen,  in clud ing  t he NC1  region of  the a 1 ch ain,  m ay  b e

l ess patho gen ic t han  an tib od ies ag ain st  th e N C1  o f th e a 3

chain (anti-GBM ) (Johansson  et  al.  1993).  Our f inding of

sig ni f ic antly  increased l evels  o f  unch arac terize d co llage n IV-

a n tib od ies i n  t h e p aint  sp r ay er s  w o u ld  see m  to  su p po rt  th i s

id ea .  I t  is poss ible  that  th e f indin g of  posi t iv e or  `borde rl i ne ’

a nti -G BM  an tib od y con cent rat i on  in  s ig nif ica nt  nu m ber s o f

su bj ect s in di cat es  a  tr an sien t  a l t er at i on  t o  ba se m en t

m e m b ra n e s,  p e rh a ps d u e to  an  e p iso d e of  ac u te  c he m ic al

e x p o su re ,  r a th er  t h an  an y  p erm a ne nt  pa th o lo gi ca l  ev en t .

We wo uld sugg est  that  the measurem ent  of  u ncharacter ized

antibodies to  co llagen  IV m ay be useful  in  detect ing vascu lar

b asem ent mem b ran e effects in  VOC exposed workers.

H owever the pathogenici ty  of  these  autoantibodies is u nclear.

References
BEIRNE, G. J. AND BRENNAN, J. T. (1972) Glomerulonephritis associated with

hydrocarbon solvents. Archives of Environmental Health, 25, 365± 369.
BOMBASSEI, G. J. AND KAPLAN, A. A. (1992) The association between

hydrocarbon exposure and anti-glomerular basement membrane antibody
mediated disease (Goodpasture’s syndrome). American Journal of
Industrial Medicine, 21, 141± 153.

DIRESKENELI, H., D’CRUZ, D., KHAMASHTA, M. A. AND HUGHES, G. R. V. (1994)
Autoantibodies against endothelial cells, extracellular matrix and human
collagen type IV in patients with systemic vasculitis. Clinical Immunology
and Immunopathology, 70, 206± 210.

GABRIELLI, A., MONTRONI , M., RUPOLI, S., CANIGLIA, M. L., DELUSTRO, F. AND DANIELLI,
G. (1988) A retrospective study of antibodies against basement membrane
antigens (type IV collagen and laminin) in patients with primary and
secondary Raynaud’s phenomenon. Arthritis and Rheumatology, 31,
1432± 1436.

HOTZ, P., PILLIOD, J., SODERSTROM, D., FREY, F., BOILLAT, M. A. AND SAVOLAINEN, H.
(1989) Relation between renal function tests and a retrospective organic
solvent exposure score. British Journal of Industrial Medicine, 46,
815± 819.

JOHANSSON, C., BUTKOWSKI, R., SWEDENBORG, P., ALM, P. AND WEISLANDER, J. (1993)
Characterisation of a non-Goodpasture autoantibody to type IV collagen.
Nephrology, Dialysis and Transplantation, 8, 1205-1210.

KEFALIDES, N. A., PEGG, M. T., OHNO, N., POON-KING, T., ZABRISKIE, J. AND FILLIT, H.
(1986) Antibodies to basement membrane collagen and to laminin are
present in sera from patients with poststreptococcal glomerulonephritis.
Journal of Experimental Medicine, 163, 588± 602.

MUTTI, A., ALINOVI, R., BERGAMASCHI, E., BIAGINI, C., CAVAZZINI, S., FRANCHINI, I.,
LAUWERYS, R. R., BERNARD, A. M., ROELS, H., GELPI, E., ROSELLO, J., RAMIS, I.,
PRICE, R. G., TAYLOR, S. A., DE BROE, M., NUYTS, G. D., STOLTE, H., FELS, L. M.
AND HERBORT, C. (1992) Nephropathies and exposure to perchloroethylene
in dry-cleaners. Lancet, 340, 189± 193.

NELSON, N., ROBINS, T. G. AND PORT, F. K. (1990) Solvent nephrotoxicity in
humans and experimental animals. American Journal of Nephrology, 10,
10± 20.

PETTY, R. E., HUNT, D. W. C. AND ROSENBERG, A. M. (1986) Antibodies to type IV
collagen in rheumatic diseases. Journal of Rheumatology, 13, 236± 253.

ROY, A. T., BRAUTBAR, N. AND LEE, D. B. N. (1991) Hydrocarbons and renal
failure. Nephron, 58, 385± 392.

SALANT, D. J. (1987) Immunopathogenesis of crescentic glomerulonephritis
and lung purpura. Kidney International, 32, 408± 425.

STEVENSON, A., YAQOOB, M., MASON, H., PAI, P. AND BELL, G. (1995) Biochemical
markers of basement membrane disturbances and occupational exposure
to hydrocarbons and mixed solvents. Quarterly Journal of Medicine, 88,
23± 28.

YAQOOB, M., BELL, G. M., STEVENSON, A., MASON, H AND PERCY, D. F. (1993) Renal
impairment with chronic hydrocarbon exposure. Quarterly Journal of
Medicine, 86, 165± 174.

R ece ived  6  M a rc h 19 96 , re v i s ed  f o rm  a cce p ted  1 8  M a y  1 9 9 6

Antibodies to collagen IV in serum 65
B

io
m

ar
ke

rs
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
C

ha
ng

hu
a 

C
hr

is
tia

n 
H

os
pi

ta
l o

n 
11

/1
8/

12
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.


