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Effects of Polymorphic Variations in Tumor Necrosis Factor Alpha Punam Pahwa, PhD

Kazuko Nakagawa, MD, PhD
Niels Koehncke, MD

Helen H. McDuffie, PhD

ABSTRACT. Background: Longitudinal declines in pulmonary function are associated with individu-
als experiencing occupational exposure to organic dusts in combination with lifestyle factors such as cig-
arette smoking and with genetic factors, and interactions between these factors. Objective: To
investigate the relationship between polymorphism of genes encoding Tumor Necrosis Factor Alpha
(TNF-a) and longitudinal lung function decline in grain workers exposed to grain dust. Method: Male
grain handlers who participated in the Saskatchewan Grain Workers Surveillance Program from 2002
through 2005 provided demographic, occupational, lifestyle, and respiratory symptoms information as
well as pulmonary function measurements and DNA for genotyping. Marginal models using the general-
ized estimating equations approach were fitted by using a SAS PROC GENMOD to predict the annual
decline in Forced Expired Volume in one second (FEV1) and Forced Vital Capacity
(FVC). Results: Smoking intensity contributed to the decline in FEV1. Among *1/*1 homozygotes
and *1/*2 heterozygotes, grain workers with <10 years in the grain industry had significantly lower
FEV1 declines compared to those of the other two exposure groups (>10 and ≤20 years, and >20 years in
the grain industry). The annual declines in FEV1 for grain workers who were either *1/*1 homozygote or
*1/*2 heterozygote and had been in the grain industry for <10 years were lower by comparison to those
of grain workers who were *2/*2 genotype and had been in the industry for <10 years. Conclusion: This
research demonstrates that years in the grain industry is an effect modifier between TNF-a 308 genotype
and longitudinal decline in FEV1 in male subjects exposed to grain dust.

KEYWORDS. Grain dust, longitudinal decline, pulmonary function, TNF-a

INTRODUCTION

Longitudinal declines in pulmonary function
among individuals are associated with occupa-

tional exposure to organic dusts,1–5 lifestyle fac-
tors such as cigarette smoking,6–10 genetic
factors,11–14 and the interactions between these
factors.15–17 Despite advancement in knowledge
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216 EFFECTS OF POLYMORPHIC VARIATIONS IN TUMOR NECROSIS FACTOR ALPHA

concerning the relationships between environ-
mental/occupational exposures and disease,
there remains an unanswered question: Why do
certain people develop disease when challenged
with environmental or occupational contami-
nants, while others who experience the same
challenges remain disease-free?

The associations between long-term expo-
sure to grain dust, decline in lung function, and
increase in the prevalence of chronic respira-
tory symptoms have been investigated exten-
sively.1–5 Several other studies9–17 have shown
that genetic factors affect decline in pulmonary
function, but limited research has been con-
ducted to investigate the effects of either gene-
gene or gene-environment interactions in studying
longitudinal decline in lung function.

A polymorphism, a guanine (G)-to-adenine
(A) substitution, at position −308 of Tumor
Necrosis Factor Alpha-promoter region (TNF-
a-308*1/2),11,12 is known to be associated with
alteration of TNF-a secretion.12 The uncommon
TNF-a-308*2 allele is associated with higher
amounts of TNF-a production.12 Previous stud-
ies have demonstrated a positive association
between TNF-a-308 polymorphisms and a
number of lung diseases including chronic
obstructive pulmonary disease (COPD),14

chronic bronchitis,13 and asthma.17 Also, it has
been demonstrated that TNF-a is associated
with cigarette smoke-induced inflammatory
disease.9 However, several other studies have
shown no association between TNF-a polymor-
phisms and smoking-related COPD, and
between TNF-a and COPD.

The present paper reports the relationship
between polymorphism of gene encoding TNF-
a and longitudinal lung function decline in
grain workers exposed to grain dust.

MATERIALS AND METHODS

Subjects

The Canadian Centre for Health and Safety
in Agriculture (CCHSA) [previously the Insti-
tute of Agricultural Rural and Environmental
Health], University of Saskatchewan, offers an
occupational health program to five of the six

grain elevator companies in Saskatchewan. The
program includes a mobile surveillance pro-
gram for workers in the grain industry whereby
workers were tested every three years. Each
employee was administered a standard ques-
tionnaire that obtained information regarding
demographic background, occupational history,
respiratory symptoms, and smoking history. A
SensorMedics volume displacement spirome-
ter (SensorMedics; Anahein, California) that
met the American Thoracic Society specifica-
tions (American Thoracic Society, 1987) was
used for lung function test measurements.
Pulmonary function measurements were per-
formed in a mobile pulmonary unit operated by
technical staff members of the CCHSA. The
pulmonary test variables FVC (Forced Vital
Capacity in liters) and FEV1 (Forced Expiratory
Volume in the first second in liters), the FEV1/
FVC ratio, and the MMFR (Midmaximal flow
rates in liters per second). In 2002, the ques-
tionnaire information was augmented with
genetic information. Grain handlers currently
employed in Saskatchewan volunteered for
genetic testing.

DNA Extraction and Genotyping

Details of the laboratory analyses are
explained elsewhere.15 Briefly, the buccal cells
containing DNA were collected on sterile cot-
ton swabs (Sanyo; Osaka, Japan) by rubbing on
the inner cheek for 30 seconds. Genomic DNA
was obtained using a protocol modified from
Richards et al.15

The polymerase chain reaction-restriction
fragment length polymorphism (PCR-RFLP)
technique (as reported previously)15 was used
to determine polymorphism of the TNF pro-
moter region at position −308 in 243 grain
workers from 2002 through 2005. Results were
linked with previous information collected
from 1993 through 2001. Laboratory personnel
were unaware of the smoking status and pulmo-
nary function data of individuals prior to the
compilation of genotype data.

Ethics

The research design, methodology, and all
communications with the participants were
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approved by the University of Saskatchewan
Presidents’ Committee for Biomedical Ethics.
All participants gave written informed consent
for their participation in the study.

Statistical Analysis

Means and standard deviations were used to
describe the distribution of continuous variables.
Frequencies and percentages were used to
describe the distribution of categorical variables.

The longitudinal analyses for FEV1 and FVC
were conducted by means of a marginal model
using the Generalized Estimating Equations
(GEE) approach.18 A series of marginal models
were fitted using SAS (Statistical Analysis Sys-
tem)19 procedure PROC GENMOD. The corre-
lation matrix of repeated observations showed a
first-order autoregressive pattern, which was
then selected as a within-subject correlation
structure. The main effects in the multivariable
marginal models were selected based on stan-
dard model-building strategies;20 potential
interaction terms were included in the model
one at a time; and a final model with significant
main effects and interaction terms was used for
predicting the annual declines in FEV1 and
FVC. Significant predictors were determined
by using the Wald statistic.

RESULTS

The number of grain workers in the province
of Saskatchewan who participated in the Medical

Surveillance Program during 1993–2005 is
given in Table 1. There were 243 grain workers
who contributed to 499 observations during
Cycle VI through Cycle IX, 1993–2005. There
were 11 grain workers who participated in all
four cycles and contributed 44 observations; 79
grain workers who participated in any three
cycles and contributed 237 observations; 65
grain workers who participated in any two
cycles and contributed 130 observations; and
88 grain workers who participated in any one
cycle and contributed 88 observations. It was
reported earlier that allele frequencies of TNF-
308*1 and TNF-308*2 were 79.3% and 20.7%,
respectively, and genotype frequencies satisfy
Hardy-Weinberg test for equilibrium.15

Table 1 displays the means and their stan-
dard errors (SE) for the demographic variables
(age, height, and weight) and years in the grain
industry, as well as count (percentage) for
smoking status. Current smokers percentage
decreased from Cycle VI (1993–1996) to Cycle
IX (2002–2005). Table 2 shows the results from
the multivariable model. Height, weight, cycle,
and smoking intensity as well as interaction
term (years in grain industry and TNF-a geno-
type) all had significant effect in the prediction
of FEV1. For FVC, all main effects significant
for the prediction of FEV1 were significant;
however, years in grain industry was not an
effect modifier in the relationship between
TNF-a and FVC. Rather, smoking intensity was
an effect modifier in the relationship between
TNF-a and FVC. All variables and interaction

TABLE 1. Descriptive Statistics of Demographic Variables, Years in the Industry, Lung Function 
Values, and Smoking Status Stratified by Cycle

Cycle VI 
(n = Mean ± S.D)

Cycle VII 
(n = Mean ± S.D)

Cycle VIII 
(n = Mean ± S.D)

Cycle IX 
(n = Mean ± S.D)

Age, yrs 34.6 ± 7.3 35.9 ± 8.2 35.9 ± 9.3 37.0 ± 9.3
Height, cm 177.1 ± 6.9 175.5 ± 7.3 176.9 ± 6.4 177.0 ± 6.8
Weight, Kg 87.4 ± 13.9 89.4 ± 15.1 90.1 ± 16.3 92.6 ± 15.7
Yrs. in grain industry 11.6 ± 6.8 12.7 ± 8.1 12.1 ± 8.7 13.2 ± 9.1
FEV1, litres 4.4 ± 0.7 4.4 ± 0.7 4.3 ± 0.7 4.3 ± 0.7
FVC, litres 5.5 ± 0.9 5.5 ± 0.9 5.5 ± 0.8 5.5 ± 0.9

Smoking Status n (%) n (%) n (%) n (%)
Current-smokers 38 (40%) 42 (32.8%) 38 (29.5%) 41 (28.1%)
Ex-smokers 19 (20%) 32 (25.0%) 30 (23.3%) 35 (24.0%)
Non smokers 38 (40%) 54 (42.2%) 61 (47.2%) 70 (47.9%)
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218 EFFECTS OF POLYMORPHIC VARIATIONS IN TUMOR NECROSIS FACTOR ALPHA

terms significant at p-value <.05 were retained
in the final model and the final model was used
to predict the annual decline. Based on the sig-
nificant interaction terms, these annual declines
were plotted to investigate how the annul
decline changes for different levels of factors/
variables involved in the interaction terms.
From Figure 1, the relationship between years
in grain industry and annual decline in pre-
dicted FEV1 clearly is inconsistent across wild
(*1/*1) and polymorphic (*1/*2 and *2/*2) cat-
egories of TNF-a. Grain workers with TNF-a
*1/*1 genotype or *1/*2 genotype and are in
the grain industry for less than 10 years have
significantly lower decline compared to those
who were in the industry for more than 10
years. In contrast, no differences were observed
among grain workers with *2/*2 genotype
based on years in the grain industry.

DISCUSSION

The authors investigated the potential rela-
tionships between longitudinal declines in
pulmonary function measurements (FVC and
FEV1) and factors related to occupation (grain
dust), lifestyle (cigarette smoking), inherited
susceptibility/resistance (TNF-308 alpha geno-
type), and interactions between the aforemen-
tioned factors based on longitudinally collected
data on currently employed male grain han-
dlers. The important findings of this report are:
(1) Among *1/*1 homozygotes and *1/*2
heterozygotes, grain workers with <10 years in
the grain industry had significantly lower FEV1
decline compared to that of the other two expo-
sure groups (>10 and ≤20 years, and >20 years
in the grain industry); (2) In contrast, among the
*2/*2 genotype group, no difference was

TABLE 2. Estimates (± SE) of Regression Coefficients Based on Multivariable 
Regression Analysis of the Lung Function Values

FEV1 (mL) FVC (mL) 

Constant −1.74 (1.16) −2.28 (1.47)
<10 years Ref Ref
10–20 years −0.16 (0.09) −0.25 (0.06)****
≥ 20 years −0.27(0.13)* −0.35 (0.07)****
Height (/cm) 0.04 (0.01)**** 0.05 (0.01)****
Weight (/kg) −0.01 (0.002)*** −0.01 (0.002)***
TNF-a (*2/*2) Ref Ref
TNF-a (*1/*1) 0.31 (0.12)** 0.002 (0.15)
TNF-a (*1/*2) 0.49 (0.14)*** 0.19 (0.15)
Non-smokers Ref Ref
Yrs of smoking: 0–10 0.01 (0.09) −0.38 (0.21)
Yrs of smoking 10–20 −0.06 (0.08) −0.34 (0.18)
Yrs of smoking > 20 −0.17 (0.08)* −0.59 (0.19)**
Cycle VI Ref Ref
Cycle VII 0.05 (0.04) 0.11 (0.04)**
Cycle VIII −0.11 (0.04)* 0.02 (0.05)
Cycle IX −0.09 (0.05) 0.05 (0.06)
TNF-a (*1/*1)*(10–20 years) −0.32 (0.18) –
TNF-a (*1/*1)*(≥20 years) −0.04 (0.14) −
TNF-a (*1/*2)*(10–20 years) −0.31 (0.14)* –
TNF-a (*1/*2)*(≥20 years) −0.04 (0.10) –
TNF-a (*2/*2)* (< 10 years) Ref –
TNF-a (*1/*1)* yrs smoking 0–10 – 0.44 (0.24)*
TNF-a (*1/*1)*yrs smoking 10–20 – 0.40 (0.21)
TNF-a (*1/*1)*yrs smoking > 20 – 0.52 (0.22)
TNF-a (*1/*2)* yrs smoking 0–10 – 0.33 (0.27)
TNF-a (*1/*2)* yrs smoking 10–20 – 0.16 (0.26)
TNF-a (*1/*2)* yrs smoking > 20 yrs – 0.22 (0.23)
TNF-a (*2/*2)* (Non-smokers*) – Ref

*<0.05; **<0.01; ***<0.001; ****<0.0001.

b b^ ^(S.E. ( )) b b^ ^S.E.(  ( ))
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observed in annual decline for the three expo-
sure groups; (3) The annual decline in FEV1 for
grain workers who were either *1/*1 homozy-
gote or *1/*2 heterozygote and had been in the
grain industry for <10 years was lower com-
pared to that of those grain workers who were
*2/*2 genotype and had been in the industry for
<10 years; and (4) Smoking intensity contrib-
uted to the decline in FEV1. Smoking was not
an effect modifier for the relationship between
FEV1 and TNF-a genotype. This finding was
consistent with the results of Sandford et al.,12

who genotyped both continuing smokers who
experienced rapid declines in FEV1 (decline in
FEV1 = −15.4 ± 3 ml/yr) and nondecliners
(decline in FEV1 = +15 ±2 ml/yr) over a five-
year period. Sandford et al.12 did not find an
association between rapid declines in FEV1 and
any of the TNF-a genotypes. Irrespective of the
smoking intensity category, grain workers with
genotype *2/*2 had slightly higher declines in
FVC compared to those of grain workers with

*1/*1 and *1/*2 genotypes (data not shown).
Based on a cross-sectional study, the influence
of TNF-a 308 genotype and smoking status
interaction on pulmonary function of physically
active grain handlers has been examined.15

Subjects who participated in the current
study had handled a variety of types of grains
(listed in descending order of frequency of han-
dling these included barley, oats, canola, field
peas, wheat, flax, rye, canary seed, mustard
seed, lentils, soy beans, beans, and sunflower
seeds). The respiratory health of Canadian grain
elevator workers has been extensively investi-
gated.1–5 Grain dust remediation measures
gradually have been implemented into grain-
handling facilities, and these measures have
been shown to decrease both the longitudinal
declines in pulmonary function and prevalence
rates of respiratory diseases among grain
workers.5 Percentage of current smokers
decreased from Cycle VI (1993–1996) to Cycle
IX (2002–2005) as a consequence of “quit

FIGURE 1. Longitudinal decline in FEV1 during 1993–2005 stratified by TNF-a and years in grain
industry.
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220 EFFECTS OF POLYMORPHIC VARIATIONS IN TUMOR NECROSIS FACTOR ALPHA

smoking” educational programs implemented
for grain elevator workers under the Grain Dust
Medical Surveillance Program, which com-
menced in 1978 and was conducted until 1993
at a national level.

Most of the studies that cite genetic informa-
tion based on inherited resistance/susceptibility to
grain dust exposure have focused on alpha1 antit-
rypsin genotypes, atopy, asthma, and bronchial
hyperreactivity as factors influencing individuals
to leave the industry early or to avoid it altogether
as a result of healthy worker effect which has been
repeatedly demonstrated by several authors.15

When analyses were conducted for ratio
FEV1/FVC as an outcome variable, the main
effects were not significant; however, even with
small cell numbers there was a significant
three-way interaction between smoking, years
in the grain industry, and TNF-a . Due to small
numbers after stratification into smoking intensity,
years in the grain industry, and TNF- genotype, the
results for FEV1/FVC ratio are not reported in
this manuscript. As reported earlier, the only
two participants who met the clinical definition
of COPD had the variant *2 allele.15 Patho-
physicological roles of TNF-308 genotypes in
bronchial inflammation may differ depending
on disease stage with almost normal lung func-
tion, and with severity of COPD.12

Stayed-in grain workers’ baseline demo-
graphic characteristics, smoking status, lung
function values (FEV1, FVC, FEV1/FVC ratio),
and chronic respiratory symptoms were com-
pared with those of workers who dropped out
from the program during the study period.
Compared to the stayed-in grain workers, drop-
outs were younger and had fewer years in the
industry, lower FEV1/FVC ratios, and higher
proportions of current smoking status.

This study has several strengths. The compli-
ance with the genetic component among eligi-
ble male grain workers was 79% and the
success rate for genotyping TNF-a was 100%.15

The pulmonary function tests were conducted
by a highly trained nurse using techniques that
conformed to American Thoracic Society stan-
dards. The pulmonary function tests were
reviewed by an occupational health physician.
The study participants had similarities in occu-
pational exposures to a variety of organic dusts

and all were currently employed in the grain
industry. The limitation of this study was that
women were excluded from these analyses as a
result of small numbers employed in that indus-
try and also because their job descriptions and
working conditions were not similar to those of
men working in the grain industry.

This research has demonstrated that years in
the grain industry is an effect modifier between
TNF-a 308 genotype and longitudinal decline
in FEV1 in male subjects exposed to grain dust.
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