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Maternal Smoking Leads to Increased Cord

Serum [gG3

C. G. M. MacgnussoN and S. G. O. JOHANSSON

Department of Clinical Immunology, Karolinska Institute and Karolinska Hospital, Stockholm Sweden

IgG subclass levels in cord serum of unselected European newborns were studied in
relation to parental smoking. Cord IgG3 was significantly (P < 0.01) higher in newborns
of smoking mothers (n =
mothers (n =

18; geom.mean = 87.0%) compared to those of non-smoking

61.0%). Maternal smoking did not influence (£ >
0.10) cord IgG2 or cord IgG4. Paternal smoking did not affect any of the three
immunoglobulins in cord serum (£ > 0.10). These data suggest that tobacco smoking
affects 1gG3 synthesis in some direct or indirect way.

66; geom.mean =
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CLINICAL ASPECTS

It seems that both active and passive smoking affect the humoral and cellular
immune system either directly by noxious substances in tobacco smoke or
indirectly, ¢.g. by causing a defective mucosal barrier. These effects are complex
and may be both stimulatory and suppressive depending on the dose-time relation
of exposure and target organ. Consequently, the smoking status might be important

when interpreting IgG subclass data.

Maternal smoking during pregnancy affects the
foetus in several
controversial (1,

some of which are
15) while others are well
recognized, e.g. reduced birth weight and head
circumference (15). Recently, it has been sug-

ways,

gested that maternal smoking also influences
the foetal immune system since increased levels
of IgA, IgM, IgD and IgE were registered in
cord serum of newborns to smoking mothers (7,
19). Also, IgG in cord serum was increased (7),
but since IgG passes the placental barrier (30)
this could mainly reflect the maternal immune
system even though the foetus might also
contribute (25). Confusingly, however, active

smokers are known to have reduced levels of

IgG (2, 9, 11, 20). One possible explanation for
these differences is that the IgG subclasses were
affected in a different manner by smoking.
Apart from one small study on cord IgG1
(29), and a recent one on all four IgG subclasses

of healthy subjects showing that only IgG1 was
affected (21), no data are available on the
effects of smoking on the IgG subclasses.

These considerations led us to investigate the
effects of parental smoking on the cord serum
levels of the IgG subclasses in a randomized
sample of European newborns (19).

SUBJECTS AND METHODS

Parental smoking histories were taken from
allergy questionnaires in a randomized series of
European newborns as previously described
(19). No attention was paid to the intensity of
smoking and the parents were only considered
as smokers or non-smokers following their
answer to the question “Are you a smoker?”.

The levels of IgG subclasses in cord serum
were determined by an automated latex
agglutination-inhibition particle counting im-
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munoassay (PACIA) essentially as described
elsewhere (17). I1gG1, 1gG2 and IgG3 in cord
serum were assayed with polyclonal antisera
(Dutch Red Cross and Blood Transfusion
Service, Amsterdam) exactly as described (17),
whereas for cord IgG4 a monoclonal antibody
(BAM 11, Seward Laboratories, London) was
used (18). Unfortunately, the linearity of the
IgG1 assay was found too unreliable and the
results could not be used. The IgG2-assay may
be influenced by high levels of IgG4 bearing the
nG4m(b)-allotype since the here used sheep
anti-IgG2 antiserum (17), like most rabbit anti-
IgG2 antisera (10), cross-react with this allotype
which is isotypic on IgG2 (14). However, in
most cases such IgG4 only contributes to a
minor extent to the IgG2 value and should
therefore not significantly influence the overall
IgG2 results (14). IgG4 was assayed in all
available cord sera (n 182), whereas IgG2
and IgG3 were assayed on a randomly taken
sample (n 84). The IgG4 results were
expressed in pg/ml by reference to a commer-
cial standard (HOO-02, Dutch Red Cross and
Transfusion Services, Amsterdam; 0.46 mg/ml)
and, IgG2 and IgG3
homemade normal human serum pool. Weight,
head circumference and length at birth were
taken from medical records whenever available

in percentage of a
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(n 175). Gestational age was available in 161
cases.

The non-parametric Mann-Whitney U-test
with corrections for ties was used to evaluate
the results, and 2-tailed P-values < 0.05 were

considered significant.

RESULTS

Offspring to smoking mothers had reduced
weight (P < 0.025), head circumference (P <
0.025), but not length (P > 0.05) at birth as
compared with offspring to non-smoking moth-
ers, i.e. 3242 g, 34.2 cm and 50.6 cm (n = 40)
versus 3454 g, 34.7 cm and 51.2 cm (n 135),
respectively. There was no difference (£ >
0.10) in gestational age between newborns to
34; mean 39.3 weeks) and
39.3

smoking (n =
non-smoking mothers (n
weeks).

The effects of parental smoking on the levels
of IgG2, IgG3 and IgG4 in cord serum are
illustrated in Table 1. There was a significantly
(P < 0.01) higher concentration of cord 1gG3
87.0%)

66; geom. mean

127; mean

for smoking (n 18; geom. mean

than for non-smoking (n
61.0%) mothers (Fig. 1). However, maternal
smoking did not (P > 0.10) influence cord
IgG2 nor cord IgG4 (Table 1). Paternal smok-

Table 1

Influence of parental smoking on the IgG2, IgG3 and IgG4 levels in cord serum

Immunoglobulin Smoking N Geom. + 28D Mann-Whitney
(conc.) Maternal Paternal mean P
+ 18 42.6 161.3
Cord 1gG2 S+
el dgtee (v - 66 44.4 118.0 e
+ 32 49.4 152.2
- 52 41.0 110.2 s
+ 18 87.0 209.2
Cord-I1gG3
ord-1gG3 (%) - 66 61.0 170.9 < oot
4 32 69.2 216.8
= 52 63.2 167.2 NS
Cord IgG4 + 40 284 4196 NS
(pg/ml - 142 276 1719
+ 68 304 2327
- 114 268 2048 e
* NS = Not significant (P > 0.10).
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Fig. 1. Influence of maternal smoking on the concentration

of 1gG3 in cord serum. The horizontal bars indicate the
geometrical means * 1SD.

ing did not influence any of the three immuno-
globulins (P > 0.10).

Since maternal allergy might influence cord
IgG4 levels, the effect of smoking was compared
also among allergic and non-allergic mothers.
However, although smoking non-allergic moth-
ers had lower cord IgG4 levels (n = 30; geom.
239 pg/ml) than non-smoking non-
103; geom. mean = 282

mean =
allergic mothers (n =
pg/ml), this difference was not significant (P >
0.10).

DISCUSSION

Active both the
humoral and cellular immune system, although
these effects are complex and might be both
stimulatory and suppressive, depending on the

smoking probably affects
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target organ and the dose-time relation of
exposure (12). It is generally accepted that
smokers have reduced serum levels of 1gG, IgM
and IgA (2, 9, 11, 20) but increased levels of
IgD (4, 20) and IgE (3, 40). Recently, however,
contradictory results on IgG, IgM and IgA
have appeared showing that these three
immunoglobulins were raised in the sera of
smoking mothers (7) as well as in the corre-
sponding cord sera (7). Likewise, maternal
smoking seems also to stimulate foetal synthesis
of IgE and IgD (19).

Very little data are available on what effect
tobacco smoking has on the IgG subclass levels.
In a very recent study on all four subclasses of
healthy subjects, only serum IgG1 was affected
in smokers, and found significantly increased
(21). In one small study, only cord IgG1 was
assayed but found non-affected (29). Unfor-
tunately, we were unable to reliably assay IgG1
study, but we found that
maternal smoking significantly increased the
cord serum level of IgG3 leaving IgG2 and
IgG4 unaffected, whereas paternal smoking did
not influence

in the present

any of the three immuno-
globulins. Our results of cord serum are in
agreement with those of Merill et al. in adults
(21) except that they did not find any influence
on IgG3. However, their mean values of serum
IgG3 were unexpectedly low (30-50 pg/ml),
perhaps indicating some assay problems.
Although, our anti-IgG3 antiserum might con-
tain unwanted anti-isoallotypic  antibodies
which could give increased IgG3 via increased
IgG1, this seems unlikely since this antiserum
did not react with any out of several sera
containing 50 IgG1, 13 IgG2 and 5 IgG4
myeloma proteins, respectively (17). Problems
related to anti-allotypic antibodies against IgG3
cannot totally be excluded though.

It is generally considered that most IgG of
the four subclasses in cord serum is of maternal
origin (30). However, a small contribution from
the foetus is quite possible (25). Thus, it seems
likely that our results in cord serum mainly
reflect direct or indirect effects of smoking on
the maternal immune system.

If the stimulatory effect of smoking on IgG1

and IgG3 is true, and since IgG1l is the
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predominant subclass, it is somewhat confusing
that most previous studies claim reduced serum
IgG of active smokers (2, 9, 11, 20). However,
recently, increased levels were
reported in paired cord/maternal sera of smok-
ing mothers (7). The explanations for these
discrepancies might be several and interrelated.
Pregnant women (8) and their fetuses (7) may
for unknown reasons, perhaps hormonal (8,
39), respond differently to smoke exposure.
Alternatively, there might be a dose-response
effect as previously observed for IgE and IgD
(3, 4). Indeed, IgD levels were three times
higher in pregnant women at the end of the
third trimester as compared to controls (13),
and there was a trend towards lower IgG levels
in both cord serum (7, 29) and maternal serum
(7) with increased intensity of maternal smok-
ing. Another possible explanation for the discre-
pancies may lie in individual differences among
the IgG subclasses to be affected by smoking,

serum IgG

and, subsequently, between the techniques and
antisera used to measure IgG in sera with
different subclass ratios. For instance, it has
been shown that anti-IgG antisera do not
proportionally recognize IgG myeloma proteins
of different subclasses (22).

Although
elevated cord IgG3 might be non-immunologi-
cal, at least two perhaps synergistically acting
immunological Sub-
stances in tobacco smoke may directly disturb
at the regulatory level, probably T-cells (12, 29,
33), and recent data suggest that IgGl and
IgG3 synthesis is more T-cell dependent than
IgG2 and IgG4 synthesis (32). Furthermore,
IgG1 and IgG3 responses are not seldom
associated (23, 35, 36), probably indicating
similar regulatory mechanisms of these two
immunoglobulins. Elevated IgG3 may also be
secondary and caused by the increased frequen-

the reason

causes seem plausible.

cy of viral and bacterial infections observed
among smokers (27). Such infections might
trigger both IgG1 (16, 23, 37) and 1gG3 (6, 24,
37) antibody production, and increased IgG3
levels have been registered in patients with
various recurrent and chronic infections (34). A
role for IgG3 in lung host defense is further

suggested by the relatively high incidence of

for our finding of

IgG3-deficiency in various infection-prone indi-
viduals (28). Moreover, Merrill et al. presented
evidence of a local production of IgG3 in the
lung (21), and receptors on alveolar macro-
phages have been demonstrated to have a
particular affinity for IgG3-complexes (26).
These considerations advocate a protective role
for IgG3 in the lung.

On the other hand, IgG3 may be of
pathophysiological importance and involved in
tissue damage. It is a strong complement-fixing
antibody, which via immune complexes can
induce severe type III inflammation by produc-
ing anaphylatoxins and recruited inflammatory
cells. IgG3 is increased in various diseases
involving tissue damage, e.g. farmer’s lung
disease (35), allergic bronchopulmonary asper-
gillosis (36), and pigeon breeder’s disease (31).
IgG3 has also been found as the main subclass
in deposits in the kidneys of patients with
glomerulinephritis (5).

Finally, it is interesting to note that the
incidence -of allergic alveolitis is higher among
non-smokers (20, 38), which implies that smok-
ing in some way affects the pathogenesis of
these diseases. Whether this effect bears any
relation to increased IgG3 among smokers, is
quite possible, and needs further study. In any
event, when interpreting IgG1 and IgG3 sub-
class data, it would be prudent to consider the
smoking status of the subjects.

ACKNOWLEDGEMENTS

The authors greatly acknowledge Mrs M. Magnusson for
skillful technical assistance and the support from the Swedish
Medical Research Council (Grant No.: 16X-105).

REFERENCES

1. American Academy of Pediatrics.: Effects of cigarette-
smoking on the foetus and child. Pediatrics 57, 411-413,
1976.

2. Andersen, P., Pedersen, O. F., Bach, B. & Bonde, G.
J.: Serum antibodies and immunoglobulins in smokers
and non-smokers. Clin. Exp. Immunol. 47, 467-473,
1982.

3. Bahna, S. L., Myhre, B. A. & Heiner, D. C.:
Immunoglobulin E pattern in cigarette smokers. Allergy
38, 57-64, 1983.

4. Bahna, S. L., Heiner, D. C. & Myhre, B. A.: Changes



306

10.

. Clemens,

.- Holt, -P;

. Magnussson, C. G. M., Cesbron, J-Y., Djurup, R

C. G. M. MAGNUSSON and S. G. O. JOHANSSON

in serum IgD in cigarette smokers. Clin Exp. Immunol.
51, 624-630, 1983.

. Bannister, K. M., Howart, G. S., Clarkson, A. R. &

Woodroffe, A. J.: Glomerular IgG subclass distribution
in human glomerulinephritis. Clin. Nephrology 19,
161-165, 1983.

. Beck, O. E.: Distribution of virus antibody activity

among human IgG subclasses. Clin. Exp. Immunol. 43,
626-632, 1981.

. Cederqvist, L. L., Eddey, G., Abdel-Latif, N. & Litwin

S. D.: The effect of smoking during pregnancy on cord
blood and maternal serum immunoglobulin levels. Am.

J. Obstet. Gynecol. 148, 1123-1126, 1984.

L. E., P. K. & Stites, D. P.:
Mechanisms of immunosuppression of progesterone on

Siiteri,

maternal lymphocyte activation during pregnancy. J.
Immunol. 722, 1978-1985, 1979.

. Gerrard, J. W., Heiner, D. C., Ko, C. G., Mink, J.,

Meyers, A. & Dosman, A.: Immunoglobulin levels in
smokers and non-smokers. Ann. Allergy 44, 261-262,
1980.

Goosen, P. C. M., van Beekhoven, S., Droogh, C. &
de Lange, G.: Preparation of antibodies against sub-
classes of human IgG. J. Immunol. Methods. 40, 339-
344, 1981.

. Gulsvik, A. & Fagerhol, M. K.: Smoking and immuno-

globulin levels. Lancet i, 449-450, 1979.

G. & Keast, D.: Environmentally induced
changes in immunological function: Acute and chronic
cffects of inhalation of tobacco smoke and other
atmospheric contaminants in man and experimental

animals. Bact. Rev. 47, 205-216, 1977.

. Klapper, D. G. & Mendelhall, H. W.: Immunoglobulin

D concentration in pregnant women. J. Immunol. 107,
912-915, 1971.

. Kunkel, H. G., Joslin, F. G., Penn, G. M. & Natvig,

J. B.: Genetic variants of y4 globulin. A unique
relationship to other classes of yG globulin. J. Exp.
Med. 132, 508-519, 1970.

. Landesman-Dwyer, S. & Emanuel, 1.: Smoking during

pregnancy. Teratology 79, 119-126, 1979.

. Linde, G. A., Hammarstrém, L., Persson, M. A. A.,

Smith, C. I. E., Sundqvist, V-A. & Wahren, B.: Virus-
specific antibody activity of different subclasses of
immunoglobulin G and A in cytomegalo virus infec-
tions. Infect. Immunity 42, 237-244, 1983.

. Magnusson, C. G. M., Delacroix, D. L., Vaerman, J.

P. & Masson, P. L.: Typing of subclasses and light
chains of human monoclonal immunoglobulins by
particle counting immunoassay (PACIA). J. Immunol.
Methods 69, 229-241, 1984.

Capron, A. & Johansson, S. G. O.: Raised serum 1gG4
levels in patients with atopy and filariasis. Application
of an automated particle counting immunoassay using
monoclonal anti-IgG4 antibody. Int. Arch. Allergy
Appl. Immunol. (In press).

. Magnusson, C. G. M.: Maternal smoking influences

cord serum IgE and IgD levels, and increases the risk
for subsequent allergy in early infancy. (Submitted).

20.

21,

22.

23.

24,

26.

27.

28.

29,

30.

51.

32.

33.

34.

35.

McSharry, C., Banham, S. W. & Boyd, G.: Effect of
cigarette smoking on the antibody response to inhaled
antigens and the prevalence of extrinsic allergic
alveolitis among pigeon breeders. Clin. Allergy 15, 487-
494, 1985.

Merrill, W. W., Naegel, G. P., Olchowski, J. J. &
Reynolds, H. Y.: Immunoglobulin G subclass proteins
in serum and lavage fluid of normal subjects. Am. Rev.
Respir. Dis. 131, 584-587, 1985.

Morell, A., Skvaril, F. & Barandum, S.: Qualitative
and quantitative investigations on the relation of normal
and myeloma IgG with antisera to IgG. Clin. Exp.
Immunol. 73, 293-302, 1973.

Morell, A., Roth-Wicky, B. & Skvaril, F.: Immuno-
globulin G subclass restriction of antibodies against
hepatitis B surface antigen. Infect. Immunity 39, 565-
568, 1983.

Mortimer, G. E. & Widdowson, J. P.: Predominance of
immunoglobulin G subclass 3 among the complement-
fixing antibodies to streptococcal M-associated protein.
Clin. Exp. Immunol. 37, 247-258, 1979.

. Mirtensson, L. & Fudenberg, H. H.: Gm genes and

¥G-globulin synthesis in the human fetus. J. Immunol.
94, 514-520, 1965.

Naegel, G. P., Young, K. R., Jr. & Reynolds, H. Y.:
Receptors for human IgG subclasses on human alveolar
macrophages. Am. Rev. Respir. Dis. 729, 413-418,
1984.

Nymand, G.: Maternal smoking and immunity. Lancet
i, 1379-1380, 1974.

Oxelius, V-A., Hanson, L-A., Bjorkander, J., Ham-
marstrom, L. & Sj6holm, A.: IgG3-deficiency. First
international symposium on immunoglobulin subclass
deficiencies, p 16. Lund, Sweden. September 26-27,
1985.

Paganelli, R., Ramadas, D., Layward, L., Harvey, B.
A. M. & Soothill, J. F.: Maternal smoking and cord
blood immunity function. Clin. Exp. Immunol. 36,
256-259, 1979.

Pitcher-Wilmott, R. W., Hindocha, P. & Wood, C. B.
S.: The placental transfer of IgG subclasses in human
pregnancy. Clin. Exp. Immunol. 4/, 303-308, 1980.
de Ridder, G. & Berrens, L.: Precipitating and non-
precipitating complement-consuming IgG subclass anti-
bodies in pigeon breeder’s disease. Immunobiology 756,
168-179, 1979.

Scott, M. G. & Nahm, M. H.: Mitogen-induced
human IgG subclass expression. J. Immunol. 132
2454-2460, 1984.

Silverman, N. A., Potvin, C., Alexander, J. C. Jr, &
Chretien, P. B.: In vitro lymphocyte reactivity and
T-cell levels in chronic cigarette smokers. Clin. Exp.
Immunol. 22, 285-292, 1975.

Stanley, P. J., Corbo, G. & Cole, P. J.: Serum IgG
subclasses in chronic and recurrent respiratory infec-
tions. Clin. Exp. Immunol. 54, 703-708, 1984.
Stokes, T. C., Turton, C. W. G. & Turner-Warwick,
M.: A study of immunoglobulin G subclasses in patients
with farmer’s lung. Clin. Allergy 77, 201-207, 1981.

)

. Stokes, T. C., Turton, C. W. G. & Turner-Warwick,



31,

38.

39.

HIGH CORD SERUM IgI3 IN SMOKING MOTHERS 307

M.: A study of immunoglobulin G subclasses in patients
with allergic bronchopulmonary aspergillosis. Clin.
Allergy 71, 209-215, 1981.

Sundqvist, V-A., Linde, A. & Wahren, B.: Virus-
specific immunoglobulin G subclasses in Herpes Sim-
plex and Varicella-Zoster virus infections. J. Clin.
Microbiol. 20,94-98, 1984.

Warren, C. P.: Extrinsic allergic alveolitis: A discase
commoner in non-smokers. Thorax 32, 567-569, 1977.
Wyle, F. A. & Kent, J. R.: Immunosuppression by sex
steroid hormones. 1. The effect upon PHA- and PPD-
stimulated lymphocytes. Clin. Exp. Immunol. 27, 407-
415, 1977.

40. Zetterstrom, O., Osterman, K., Machado, L. &

Johansson, S. G. O.: Another smoking hazard: raised
serum IgE concentration and increased risk of occupa-
tional allergy. Br. Med. J. 283, 1215-1217, 1981.

Address:

Dr. Carl G. M. Magnusson
Department of Clinical Immunology
Karolinska Hospital

S-104 01 Stockholm

Sweden



This document is a scanned copy of a printed document. No warranty is given about
the accuracy of the copy. Users should refer to the original published version of the
material.



