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Racial Differences in Serum immunoglobulin Levels:
Relationship to Cigarette Smoking, T-Cell Subsets, and Soluble
Interleukin-2 Receptors
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To investigate the influence of race, ciga-
rette smoking, and immunologic parameters
on serum immunoglobulins, we analyzed
serum 1gG, IgA, and IgM levels in 455
healthy adults. The study population ranged
in age from 20 to 69 years, including 282
whites and 173 blacks, 181 never-smokers,
93 ex-smokers, and 181 current smokers.
Race and smoking were independently as-
sociated with alterations in serum IgG lev-
els. Blacks had significantly higher 1gG
levels than whites (1,587 vs. 1,209 mg/dl;
P<0.001), and never smokers had signifi-

cantly higher levels than current smokers
(1,426 vs. 1,287 vs. mg/dl; P<0.001). IgA
and IgM levels were unrelated to race or
smoking. Serum IgG was also found to be
directly related to the proportion of HLA-DR*
cells and the level of soluble interleukin-2
receptors (siL-2R) and inversely related to
the proportion of CD4* cells. Investigation
of this racial heterogeneity may provide in-
sights into the pathogenesis of immunonlogic
diseases that exhibit unexplained racial
variation.  © 1995 Wiley-Liss, inc.
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INTRODUCTION

We have previously reported an increase in circulating B
cells and activated T cells among blacks compared to whites
in a population-based study of healthy adults, suggesting that
race may significantly influence baseline immunologic pa-
rameters (1). These observations, combined with reports of
higher immunoglobulin levels, particularly IgG, among blacks
compared to whites (2,3), suggest that blacks may indeed have
increased B cell activity compared to whites. However, the
genetic or environmental factors that may contribute to this
variability have not been defined.

Cigarette smoking is also associated with immunologic
alterations, including changes in immunoglobulin levels, For
example, smoking appears to decrease the production of IgG
after antigenic stimulation, an cffect that may explain the sig-
nificantly lower incidence of hypersensitivity pneumonitis in
smokers compared to nonsmokers (4-6). To date, population
studies on immunoglobulin levels have not included suffi-
cient information on race and smoking to dissect the relative
contribution of these important host characteristics. It is not
possible, from the available data, to determine whether dif-
ferences in smoking rates might account for some of the re-
ported black/white differences in immunoglobulin levels.

© 1995 Wiley-Liss, Inc.

Frozen sera from a previous population-based study of
healthy black and white adults provided an opportunity to
address the influence of race and smoking on scrum immu-
noglobulin levels and to relate these levels to T-cell subsets
and other immunologic data available on this cohort.

MATERIALS AND METHODS
Study Population

Sera for the present study were obtained from a popula-
tion-based survey of healthy adults in the greater Washing-
ton, D.C., metropolitan area (7). Random digit dialing and a
short household screening questionnaire were used to select
a random sample of white and black adults stratified by age,
race, gender, and smoking status. Sclected subjects completed
a 25-min telephone interview. Subjects were screened to ex-
clude individuals with lifestyle characteristics (intravenous
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drug use, homosexual activity) or medical conditions (blood
product transfusion since 1975, recent hospitalization, severe
allergies, use of steroid medications, history of connective
tissue disease, or recent pregnancy) that might influence the
immunologic parameters under investigation. The final study
population was composed of 282 white and 173 black adults,
aged 20-69 years.

The study population was divided into three smoking cat-
egories: never-smokers had smoked less than 100 cigarettes
in their lifetime; ex-smokers had previously smoked cigarettes
but had quit smoking prior to phiebotomy; and current smok-
ers were persons who smoked cigarettes at the time of the
interview and phlebotomy. The usual number of cigarettes
smoked per day (intensity) and the total number of years
smoked (duration) were ascertained from the questionnaire.

Sample Preparation and Immunoglobulin Analysis

Blood for serum samples was collected in evacuated tubes
and allowed to clot. After centrifugation, the serum was sepa-
rated and divided into 1.0-ml aliquots, frozen, and maintained
in a liquid nitrogen freezer. Samples were shipped, on dry
ice, to a commercial laboratory (Metpath, Rockville, MD)
for analysis of serum IgG, IgA, and IgM by nephelometry.

Analysis of Mononuclear Cell Subsets

Blood samples for cell subset analysis were drawn into
preservative-free heparin and processed as previously de-
scribed (1). The following directly fluorescein-conjugated
monoclonal antibodies (mAbs), purchased from Ortho Diag-
nostics, Raritan, NJ (ORTHO) or Becton Dickinson Mono-
clonal Center, Mountain View, CA (BD), were used (2): OKT3
(CD3* T cells; ORTHO); OKT4A (CD4" helper-inducer T-
cell subset; ORTHO); OKT8 (CD8" suppressor-cytotoxic T-
cell subset; ORTHO); anti-Leu 12 (CD19* B cells; BD);
anti-Leu M3 (CD14* monocytes; BD); anti-Leu 11A (CD16*
natural killer [NK] cells; BD); anti-HLA-DR (nonpoly-
morphic HLA-DR antigen; BD); and mouse IgG1 (clones
11-63; BD) and IgG2(a+b) (clones 11-4.1 and MPC-11; BD)
as negative control reagents. A direct immunofluorescence
staining procedure was employed, after which samples were
analyzed on a FACS II cell sorter (Becton Dickinson, Moun-
tain View, CA) interfaced to a PDP 11/24 DEC computer (Digi-
tal Equipment, Landover, MD), as previously described (1).

siL-2R Assay

Blood was collected by routine phlebotomy in evacuated
tubes and allowed to clot. The serum was separated by cen-
trifugation, divided into 1.0-ml aliquots, frozen, and stored
in a liquid nitrogen freezer until withdrawal for soluble inter-
leukin-2 receptor (siL-2R) analysis. Serum soluble
interleukin-2R (sIL-2R) concentrations were measured by a
sandwich enzyme-linked immunosorbent assay (ELISA) as

previously described (8). Briefly, alternate columns of the
inner 60 wells of microtiter plates were coated with anti-Tac
antibody or buffer. After incubation at 4°C overnight, the plates
were washed and 100 pl of sample was added to coated and
control wells. After a 2-hr incubation at room temperature,
the plates were washed, and FITC-labeled 7G7B6 monoclonal
antibody (mAb) was added to each well. After a second 2-hr
incubation at room temperature, the plates were again washed,
and alkaline phosphatase-conjugated rabbit anti-FITC was
added to all wells. After an additional 1-hr incubation at room
temperature, p-nitrophenylphosphate (Sigma) was added, and
the absorbance measured at 405 nM. Absorbance of the con-
trol wells was subtracted from the experimental wells, and
the absorbance value was compared to absorbances deter-
mined for a standard curve generated for each plate from
known concentrations of sIL-2R.

- Statistical Analysis

Statistical analyses were performed using the SAS statisti-
cal analysis package (SAS Institute, Cary, NC). Student’s -
tests were used to compare mean values for selected variables
by race, sex, smoking category, and age group. Analyses were
also performed using log-transformed values for serum im-
munoglobulin levels to achieve a more normal distribution
of values. Linear regression analysis and analysis of variance
(ANOVA) were used to test for significant differences in im-
munoglobulin levels by race or smoking status, independent
of age, sex, or correlates of smoking (education and coffee
and alcoholic beverage consumption). These approaches were
also used to assess the relationship of serum IgG, IgM, and
IgA to peripheral blood mononuclear cell subsets and to se-
rum concentrations of sTL-2R concentrations independent of
age, gender, race, and cigarette smoking status.

RESULTS
Characteristics of the Study Population

The study population consisted of 455 healthy adults, aged
2069 years, including 282 whites and 173 blacks; 245 men
and 210 women; and 181 never-smokers, 93 ex-smokers, and
181 current smokers (Table 1). Subjects were stratified by
smoking status (current smokers, ex-smokers, and never-
smokers), race, gender, and age in decades. Whites as a group
were slightly older than blacks (43.9 vs. 39.7 years), due pri-
marily to the younger age of black smokers. No significant

TABLE 1. Population Distribution by Cigarette
Smoking Status
Subjects Never-smokers Ex-smokers Current smokers
Whites 108 66 - 108
Blacks 3 27 13

All 181 93 181
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age differences between blacks and whites were observed for
never-smokers and ex-smokers.

Among current smokers, whites tended to smoke more
heavily and had smoked for a longer duration than blacks
(22.5 vs. 14.7 cigarettes per day). Similarly, white ex-smok-
ers had smoked more heavily during the time they smoked
than had black ex-smokers (23.5 vs. 14.8 cigarettes per day).
Ex-smokers had stopped smoking an average of 10.2 years
prior to the study, with no significant difference between
blacks and whites.

Serum IgG, IgA, and IgM Levels

Blacks had significantly higher serum IgG levels than those
of whites (1,587 * 35 vs. 1,209 £ 16 mg/dl; P<0.001). This
difference was present for all age groups (Fig. 1). No signifi-
cant black/white differences were observed for serum IgA or
IgM levels.
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Fig. 1. Serum immunoglobulin levels by age group and race. Note that
the lines are not meant to imply & continuum. Each point represents the
mean value (SEM) for that 10-year age group. Whites, open symbols; blacks,
filled symbals.
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Never-smokers had significantly higher serum IgG levels
than those of current cigarette smokers (1,426 + 26 vs. 1,287
+ 24 mg/dl; P<0.001). The independent relationship of se-
rum IgG level to both race and cigarette smoking was con-
firmed in ANOVA and linear regression analyses, adjusting
for age and gender. Black never-smokers had the highest lev-
els, and white current smokers had the lowest levels (Fig. 2).
Among current smokers, no consistent relationship between
serum IgG levels and the intensity (cigarettes smoked per day)
or duration (years) of cigarette smoking could be detected.

To investigate whether differences in smoking pattern might
account for the observed black/white differences, we repeated
the analyses, excluding all subjects who smoked more than
20 cigarettes per day. In this subset of light smokers, smok-
ing intensity was similar for the 73 white and 68 black smok-
ers (15.5 vs. 16.0 cigarettes per day, respectively). The
relationship of serum IgG level to race, smoking, and age
category for this subgroup was similar to that observed in the
total population.

Similar results were obtained when these analyses were
repeated using log-transformed immunoglobulin values to
correct for small deviations from normality in the data.
Analyses were also repeated after adjustment for corre-
lates of smoking (level of education, coffee consumption,
and alcohol consumption), with no significant change in
the results.

Multiple linear regression analysis was used to assess the
relationship between log serum I2G level and peripheral blood
mononuclear cell (PBMC) subset levels and log serum sIL-
2R adjusted for race, gender, and smoking (Table 2). Log se-
rum IgG level was directly related to the proportion of
circulating HLA-DR” cells, CD8" cells, and log serum sIL-
2R and inversely related to the proportion of circulating CD3*
cells, CD4" cells, and to the CD4:CD8 ratio. The relation-
ships of IgG level to sIL-2R level and T-cell subset propor-
tions were statisticaily independent, and sIL-2R level itself
was unrelated to T-cell subset proportions,

DISCUSSION

This study, which used a well-defined population-based
sample of healthy adults from a single U.S. metropolitan
area, was able to demonstrate that race and cigarette smok-
ing are independently associated with alterations in se-
rum IgG levels and that IgG levels are correlated with
T-cell subset and sIL-2R levels. The approximately 30%
higher serum IgG level in blacks compared to whites was
observed in all age categories and was not significantly
altered by adjustment for gender, smoking, alcohol, caf-
feine, or socioeconomic status,

These findings, as well as those from previous analyses (1,9),
suggest that race (or ethnicity) may have an important influ-
ence on numerous immunologic parameters, independent of
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Fig. 2. Serum IgG levels by smoking status and race. Each bar represents the mean (+SEM) value for that stratum of racc and cigarette smoking status.

environmental exposures such as cigarette smoke. Exploration
of this naturally occurring racial heterogeneity may provide clues
to explain race-related differences in diseases, such as multiple
myeloma, which arise in the immune system (10).

Cigarette smoking has numerous effects on immune func-
tion (11-13). Decreased levels of circulating immunoglobu-
lins and NK cells support the hypothesis that the predominant
effect is immunosuppression (14,15). However, other data
suggest that tobacco smoke may exert a stimulatory role on
the immune system. For example, smokers have higher se-
rum IgE levels, higher leukocyte counts, and a higher pro-
portion of circulating CD4" “helper” T cells than those found
in nonsmokers (3,16). In vitro studies confirm that chemical
constituents purified from tobacco leaf may exert a direct
stimulatory effect on cultured mononuclear cells (17). These
observations emphasize the complex relationships between
various components of the immune system and the important

TABLE 2. Muitiple Linear Regression Analysis of
Association Between Log Serum IgG Level and Peripheral
Blood Mononuclear Cell Subsets or Log Serum IL-2R Level
Adjusted for Age, Race, Gender, and Smoking Status®

Cell surface antigen Coefficient (SE) P-value
CD3 ~0.0025 (0.00t0) 0.01
CDh4 -0.0027 (0.0011) 0.01
CD8 0.0026 (0.0013) 0.04
CD4/CDS8 ratio -0.0109 (0.0061) 0.08
CDi4 0.0009 (0.001) 0.61
CDt6 0.0017 (0.0027) 0.53
CD19 0.0027 (0.0018) 0.15
HLA-DR 0.0061 (0.0018) 0.001
Log-sIL-2R 0.0453 (0.0189) 0.02

*The coefficient represents the amount of change in percentage of each cell
subset for each one unit change in log serum I1.-R, after adjusting for the
influence of age, race, gender, and cigarette smoking. A negative coefficient
indicates a decrease in cell subset proportion associated with an increase in
sIL-2R level.

contribution of rigorously defined population-based analy-
ses to an understanding of these relationships.

A number of previous studies have related immunoglobu-
lin levels to race, ethnicity, immunologic factors, and other
parameters such as ABO blood group. Higher levels of IgG
among blacks compared to whites have consistently been
found among adults (2,3) and infants (18). These observa-
tions have been extended through analysis of IgG subclasses
and molecular biologic analysis of imnmunoglobulin allotypes
(19,20), with particular attention to the influence on immu-
nologic responses to infection (21-24). The relationship of
various immunoglobulins to ABO blood groups and other ge-
netic factors has historically been controversial (25), and the
complex relationships among immunoglobulins, genetics, and
disease susceptibility have been extensively reviewed (26).

The rich database of immunologic information available
for this population-based study provided an opportunity to
extend our understanding of the interrelationships between
immunoglobulin levels and other immunologic parameters.
Serum IgG level was positively related to the proportion of
circulating HLA-DR? cells. Among circulating mononuclear
cells, this surface marker is primarily expressed on B ceils,
monocytes, and activated T cells. Since serum IgG was not
significantly related to the number or proportion of B cells,
and monocytes were electronically cxcluded by light-scatter
gating, this finding suggests that serum IgG level may be re-
lated to the proportion of activated T cells. The relationship
of IgG to immune activation is further supported by the posi-
tive association between IgG and the level of circulating sIL-
2R, an in vivo marker of immune activation (27).

The biracial nature of this well-characterized population
has allowed us to investigate the independent influence of
age, gender, race, and cigarette smoking on immunologic
parameters. However, several potentially important differ-
ences between blacks and whites in this population need to
be addressed. White smokers tended to smoke more heavily
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than black smokers, an observation also reported in a study
of data from the 1985 National Health Interview Survey (28).
The relationship of race and smoking to serum IgG levels,
however, remained when the analysis was restricted to sub-
jects who smoked 20 or fewer cigarettes per day. Although
the participation rate for blacks in this study was lower than
for whites, the potential bias resulting from this disparity is
unknown. Nevertheless, adjustment for potential confound-
ers, including measures of socioeconomic status, did not sig-
nificantly alter the results.

In summary, we were able to demonstrate the independent
relationship of serum IgG levels to race and cigarette smok-
ing and to correlate immunoglobulin levels with sIL-2R lev-
els and the proportion of circulating HLA-DR" cells. The
challenge for the future will be to determine which of these
immunologic relationships, alone or in concert with other
factors, are related to the risk of developing clinical disease.
Application of the rapidly developing laboratory techniques
to analyze immunologic differences between population
groups may provide insight into the mechanisms involved.

ACKNOWLEDGMENTS

The authors thank Phillip Virgo for assistance in computer
analyses, Drs. Suzanne Ildstad and Meryl Karol for manu-
script review and helpful suggestions, Daniel Ringer for tech-
nical assistance, and Dr. Toshihiko Satoh for assistance with
the illustrations, This work was supported in part by USPHS/
Contract YO1-CP-30500.

REFERENCES

1. Tollerud DJ, Clark JW, Brown LM, Neuland CY, Mann DI., Pankiw-
Trost LK, Blattner WA, Hoover RN: The influence of age, race, and
gender on peripheral blood mononuclear cell subsets in healthy non-
smokers. J Clin Immunol 9:214-222, 1989,

. Buckley CE, Darsey FC: Serum immunoglobulin levels throughout the
tife-span of healthy man. Ann Intern Med 75:673-682, 1971.

3. Grundbacher FJ. Massie FS: Levels of immunoglobulin G, M, A, and E
at various ages in ailergic and nonallergic black and white individuals.J
Allergy Clin Immunol 75:651-658, 1985.

4. Gruchow HW, Hoffman RG, Marx JJ Jr, Emanuel DA, Rimm AA: Pre-
cipitating antibodies to farmer’s lung antigens in 2 Wisconsin farming
population. Am Rev Respir Dis 124:411-415, 1981.

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

6. Kusaka H, Homma Y, Ogasawara H, Munakata M, Tanimura K, Ukita
H, Denzumi N, Kawakami Y: Five-ycar follow-up of Micropolyspora
faeni antibody in smoking and nonsmoking farmers. Am Rev Respir Dis
140:695-699. 1989.

7. Brown LM, Tollerud DJ, Pottern LM, Clark JW, Kase R, Blattner WA,
Hoover RN: Biochemical epidemiology in community-based studies:
Practical lessons from a study of T-cell subsets. J Clin Epidemiol
42:561--568, 1989.

8. Rubin LA, Kurman CC, Fritz ME, Biddison WE, Boutin B, Garchoan
R. Nelson DL: Soluble interleukin-2 receptors are released from acti-
vated human tymphoid cells in vitro. J Immunol 135:3172-3177, 1985.

9. Tollerud DJ. Brown LM, Blattner WA, Mann DL, Pankiw-Trost LK,
Hoover RN: T cell subsets in healthy black smokers and nonsmokers.

(]

11.

14,

17.

18.

19.

20.

21,

24,

25.

27.

28.

Race, Smoking, and Immunoglobulin Levels 41

Evidence for ethnic group as an important response modifier. Am Rev
Respir Dis 144:612-616, 1991.

. Pottern LM, Blatiner WA: Etiology and epidemiology of multiple

myeloma and related disorders. In Neoplastic Diseases of the Blood. P
Wiernik, GP Canucllos, RA Kyle, CA Schiffer, eds. New York: Churchill
Livingstone, 1985, p 413429,

Department of Health, Education and Welfare: Smoking and Health. A
Report of the Surgeon General. DHEW Publication (PHS) 79-50066.
U.S. Govemmment Printing Office, Washington, DC, 1979.

. Holt PG: Immune and inflammatory function in cigarette smokers, Tho-

rax 42:241-249, 1987.

. Hughes DA, Haslam PL, Townsend PJ, Turner-Warwick M: Numerical

and functional alternations in circulating lymphocytes in cigarette smok-
ers. Clin Exp Immunol 61:459-466, 1985.

Ferson M. Edwards A, Lin A, Milton GW, Hersey P: Low natural killer
cell activity and immunoglobulin levels associated with smoking and
humnan subjects. /nt J Cancer 23:603-609, 1979.

. Tollerud DJ, Clark JW, Brown I.M, Neuland CY, Mann DL, Pankin-

Trost LK, Blattner WA, Hoover RN: Association of cigarette smoking
with decreased numbers of circulating natural killer cells. Am Rev Respir
Dis 139:194-198, 1989.

. Tollerud DJ. Clark JW, Brown LM, Neuland CY, Mann DL, Pankiw -

Trost LK, Blattner WA, Hoover RN: The effects of cigarette smoking
on T cell subsets: A population-based survey of healthy Caucasians. Am
Rev Respir Dis 139:1446-1451, 1989.

FrancusT, Klein RF, Staiano-Coico L, Becker CG, Siskind GW: Effects
of tobacco glycoprotein (TGP) on the immune system II. TGP stimu-
lates the proliferation of human T cells and the differentiation of human
B cells into Ig secreting cells. J Immunol 140:1823-1829, 1988.

Van Rijswijk AW, Van Niekerk CH, Taljaard JJF: Plasma immunoglob-
ulin levels in newbom infants of different race groups in the Western
Cape. § Afr Med J 68:925-926. 1985.

Shackelford PG, Granoff DM, Nahm M# Scott MG, Suarez B, Pandey
JP, Nelson SJ: Relationship of age, race, and allotype to immunoglobu-
lin subclass concentrations. Pediatr Res 19:846-849, 1985,

Hesseling PB, Cooper RC, Girdle-Brown B: Serum immunoglobulin
and complement values in onyalai. Comparison with black, San and
white inhabitants of Kavango, SWA/Namibia. S Afr Med J 70:203-205,
1986.

Granoff DM, Shackelford PG, Pandey JP, Boies EG: Antibody responses
to Haemophilus influenzae type b polysaccharide vaccine in relation
to Km(1) and G2m(23)immunoglobulin ailotypes. J Infect Dis
154:257-264, 1986.

. Ghanem N, Bensmana M, Dugoujon JM, Constans J, Lefranc MP,

Lefranc G: BamHI and Sacl RFLPs of the human immunoglobulin IGHG
genes with reference to the Gm polymorphism in African people. Evi-
dence for a major polymorphism. Hum Genet 83:37-44, 1989.

. Ambrosino DM, Black CM, Plikaytis BD, Reimer CB, Lee MC, Evatt

BL, Carlone GM: Immunoglobulin G subclass values in healthy black
and white children. J Pediatr 119:875-879, 1991,

Feldman C, Weltman M, Wadee A, Sussman G, Smith C, Zwi S: A
study of immunoglobulin G subclass levels in black and white pa-
tients with various forms of obstructive lung discase. § Afr Med J
83:9-12, 1993,

Morell A, Barandun S: Genetic control of immunoglobulin synthesis in
man. In Immunoglobulins. GW Litman, RA Good, eds. Plenum Medi-
cal, New York, 1978.

. French MAH: Immunoglobuliny in Health and Disease. Immunology

and Medicine Series. MTP Press (Kluwer Academic), Norwell, MA,
1986.

Rubin LA, Nelson DL.: The soluble interleukin-2 receptor: Biology, func-
tion and clinicat application. Ann Intern Med 113:619-627, 1990.
Novotny TE, Warner KE, Kendrick JS, Remington PL: Smoking by
blacks and whites: Socioeconomic and demographic differences. Am J
Public Health 78:1187-1189, 1988.




