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Silicosis, an interstitial lung disease prevalent among miners, sand
blasters, and quarry workers, is manifested as a chronic inflammatory
response leading to severe pulmonary fibrotic changes. Proinflamma-
tory cytokines, such as TNFea and IL-1, produced in the lung by type
11 epithelial cells and alveolar macrophages, have been strongly im-
plicated in the formation of these lesions. Recently, a number of single
nucleotide polymorphisms (SNPs), which quantitatively affect
MRNA synthesis, have been identified in the TNFa promoter and
IL-1 gene cluster and their frequency is associated with certain
chronic inflammatory diseases. To assess the role of these SNPs in
silicosis, we examined their frequency in 325 ex-miners with moderate
and severe silicosis and 164 miners with no lung disease. The odds
ratio of disease for carriers of the minor variant, TNFe« (—238), was
markedly higher for severe silicosis (4.0) and significantly lower for
moderate silicosis (0.52). Regardless of disease severity, the odds
ratios of disease for carriers of the IL-1RA (+2018) or TNF« (—308)
variants were elevated. There were no significant consistent differ-
ences in the distribution of the IL-1e (+4845) or IL-1B8 (4+3953)
variants with respect to disease status. In addition, several significant
gene—gene and gene—gene—environment interactions were observed.
Different associations between moderate cases and controls versus
severe cases and controls were also observed in a number of these
multigene comparisons. These studies suggest that gene—environ-
ment interactions involving cytokine polymorphisms play a signifi-
cant role in silicosis by modifying the extent of and susceptibility to
disease. © 2001 Academic Press

Key Words: silicosis; tumor necrosis factor-e; interleukin-1;
polymorphism; epidemiology; genetics.

Silicosis, an interstitial lung disease resulting from inhala
tion of crystalline silica, is characterized by fibrotic nodules
thickening of the alveolar interstitium, and accumulation o
inflammatory cells in the lung. The disease is prevalent amol
workers in the coal mining, manufacturing, and constructio
industries and contributed to 4882 deaths between 1979 &
1992 (Wagner, 1997). Silicotic lesions develop from th
chronic secretion of inflammatory and fibrotic mediators. Ex
perimental animal and clinical studies indicate that tumor ne
crosis factore (TNFa) and interleukin-1 (IL-1), derived pri-
marily from alveolar macrophages and type Il epithelial cells i
the lung, are important in regulating these mediators in silicc
sis. In this respect, increased expression of inflammatory c
tokines corresponds to pathological changes in lungs of si
cotic rodents (Davigt al.,1998; Driscollet al.,1990; Mohret
al., 1991; Orfilaet al., 1998). A direct role has been demon-
strated in TN-deficient mice, which are resistant to devel-
oping fibrosis from silica (Piguett al., 1990; Gossaret al.,
1996). Furthermore, the expression of the TNFansgene in
the murine lung causes spontaneous alveolitis, alveolar disrt
tion, and a progressive fibrotic reaction (Miyazakal.,1995).

In humans, TNk is released from peripheral blood monocyte:
in coal miners with coal workers’ pneumoconiosis (CWP)
while continuous release of TNFand IL-1 from alveolar
macrophages occurs in miners with progressive massive fib
sis and with simple pneumoconiosis (Boetal.,1988; Lasalle
et al.,1990). The local release of TNFand IL-1 from humans
has also been shown to coincide with pathogenesis of t
disease (Savicét al., 1994; Schmidet al., 1984).

It has been suggested that a number of genetic and epi
netic factors modify the severity of chronic inflammatory dis:
eases. Susceptibility genes, including single nucleotide pol
morphisms (SNPs), which quantitatively affect the productio
of inflammatory mediators fall into this category. In humans
the gene encoding for TNFis located on chromosome 6
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major histocompatibility complex (Carroéit al., 1987). Two
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SNPs containing a G> A substitutions have been described ithat met the criteria for a silicosis case and that could be successfully ger

the promoter region at position3308 and—238 (Wilsonet typed were included in the study. Thirty-five (12%) samples that did not sho
. . . - ny evidence of pulmonary inflammation or disease were excluded from tl

al., 1992; D’Alfonso and RIChIaI’(_III, 1_994)' These tranSIt_longtudy due either to early age at death (<55 years) or to short occupatiol

af_fect_the Ieve_l of TNl expression in response to varioUgyposure period (<16 years).

stimuli and their presence has been associated with a variety of

immune and inflammatory diseases, such as CWP, malanaA Preparation and Genotyping

leishmaniasis, celiac disease, chronic bronchitis, psoriasis, an,g . . . -

. . ) Ive-micrometer lung tissue sections were prepared from formalin-fixe
SySten_“C lupus erythematosus (SLE) (Zhei al., 1998; paraffin-embedded tissue blocks. Genomic DNA was extracted from lur
McGuire et al., 1994; Cabrerat al., 1995; McManuset al., tissue samples following deparaffinization in xylene and alcohol using a DN
1996; Huanget al., 1997; Ariaset al., 1997; Sullivanet al., isolation kit (QIAGEN, Chatsworth, CA) according to the manufacturer’s
1997). In humans. the IL-1 family consists of three gené@tructions. Freshly obtained DNA from human skin samples was used as

_4 internal quality control. Genotyping was performed using a polymerase che
located on the long arm of chromosome 2 that code fordl. 1reacti0n—restricti0n fragment length polymorphism (PCR—-RFLP) techniqu

IL-18, and the IL-1 receptor antagonist (RA) (_ROUX'LombarqBriefly, 150 ng/50ul genomic DNA was placed in 10 mM Tris—HCI, 50 mM
1998). Each of these genes possesses exonic SNPs that akfeicuffer containing 0.2 mM of each dNTP, 1.25 units Tedq polymerase,
their expression, by increasing either message stability or #e 0.05% W-1 detergent. Amplifications of the T&f—-308), TNFu (—238),
rate of MRNA synthesis. The IL-1RA (VNTR) po|ymorphism|L-la (+4845), IL-1a (+3953), and IL-1RA (+2018) polymorphisms were
is associated with SLE. lichen sclerosis. and alopecia areéi{nilar to those previously described (Wilsen al., 1993; D’Alfonso and
- o P |§1iardi, 1994; Jouvennet al., 1999; di Giovineet al., 1995; Clayet al.,
(Blakemoreet al.,1994; Clayet al.,1994; Ta”O‘{Vet a|-11994)-_ 1995) with minor modifications as described below.
SNPs in the IL-1RA exon 2 (F- C) are believed to be in - 1Nk (—308). Primers: 5'-AGGCAATAGGTTTTGAGGGCCAT-3'
linkage disequilibrium with intron 2 VNTR (Clagt al.,1995). (forward) and 5’-TCCTCCCTGCTCCGATTCCG-gfeverse) 0.2 mM; 1.5
Two variants in the IL-& gene, at sites-889 and+4845 (both mM MgCl,; cycling: 35 cycles at 94°C for 1 min, 60°C for 1 min, 72°C for 1
C — T), are present at an increased frequency in juvenl”l’é”v followed by 95°C fqr 1 mir_] and 72°C fqr 5_min. PCR product was
rheumatoid arthritis and chronic polyarthritis (McDoweIlIaI., digested at 37°C for 2 h with 6 units dfcol, resulting in allele 1 (87 20 bp)

. . ) o and allele 2 (107 bp) products.
1995; Jouvennet al.,1999), while a recently identified ILA TNFa (—238). Primers: 5'-GAAGCCCCTCCCAGTTCTAGTTC-2ind

polymorphism at positiont-3953 (C— T) was found to be 5, _cactccccaTCCTCCCTGGTC-30.25 uM; 2 mM MgCly; cycling: 35

more prevalent in individuals with severe periodontitis angcles at 94°C for 1 min, 61°C for 1 min, 72°C for 1 min, followed by 94°C

psoriasis (Kornmart al., 1997; di Giovineet al., 1995). for 3 min, and then a final 5 min at 72°C. Digestion with 5 uritsall at 37°C
Because not all individuals develop severe lung fibrosid 2 hyielded allele 1 (63- 49 + 21 bp) and allele 2 (76 63 bp) products.

despite similar work histories, it is assumed that genetic factord--1« (+4845). Primers: SATGGTTTTAGAAATCATCAAGCCTAG-
influence the extent of disease (moderate or severe). In vie CA-3" and SAATGAAAGGAGGGCAGGATGACAGAAATGT-3' 0.8

. . . . . . ; 1 mM MgCl,; cycling: 1 min denaturation at 95°C followed by 35 cycles of
this assumption and the paucity of information on the dlreg °C for 1 min, 56°C for 1 min, 72°C for 2 min, and a final 5-min extension a

role of TNFx and IL-1 on progressive silicosis in humans, Wez-c. The products were digested with 2.5 unit&oé4H1 at 37°C for 2 h. This
investigated the relationship between genetic polymorphisese allele 1 (124+ 76 + 29 bp) and allele 2 (153- 76 bp) products.
associated with these genes and the clinical severity of th@-1p (+3953). Primers: 5-CTCAGGTGTCCTCGAAGAAATCAAA-3'
disease. Specifica”y, the frequency of the 'H\]F—308)’ and 5'-GCTTTTTTGCTGTGAGTCCCG-3 uM, 2.5 mM MgCl,; cycling:

95°C for 2 min followed by 35 cycles at 95°C for 1 min, 67.5°C for 1 min,
— - + - + -
TNFa (=238), IL-1or (+4845), IL-18 (+3953), and IL-1RA 72°C for 1 min and then a final 5 min at 72°C. Digestion with 10 unitSad|

(+2018) variants in relatlonshlp to silicosis severity WeTfstriction enzyme at 65°C for 2 h yielded allele 1 (8597 bp) and allele 2

examined. (182 bp) products.
IL-1RA  (+2018). Primers: 5'-CTATCTGAGGAACAACCAACTAG-
MATERIALS AND METHODS TAGC-3" and 5'-TAGGACATTGCACCTAGGGTTTGT-31 uM, 1.75 mM
MgCl,; cycling: 35 cycles at 94°C for 1 min, 57°C for 1 min, 70°C for 2 min,
Study Population followed by 96°C for 1 min and then a final 5 min at 70°C. Digestion wa

performed at 37°C for 2 h with 5 units d&lul and 5 units ofMspl. Alul
Associations between TNFand IL-1 polymorphisms and silicosis were dgigestion gave allele 1 (128 26 bp) and allele 2 (154 bp) productdspl
examined in a case—control study. Lung tissue samples were obtained fromdfgstion yielded allele 1 (154 bp) and allele 2 (29125 bp) products.
National Coal Workers Autopsy Study (NCWAS). Of the original 6580 sam- pCR products or restriction fragments were separated by electrophoresis
ples collected for the NCWAS between 1972 and 1996, this study was limitgd 095 polyacrylamide—TBE gel (Bio-Rad, Richmond CA) at 150 V for 30 mir
to samples from Caucasian (males) underground miners. All samples Wgfg| visualized by UV illumination after staining with ethidium bromide.
reviewed and graded for CWP, including silicosis and other disease status

accprding to' the criteria and_scheme developed by a joint committee o_f @Fatistical Methods

National Institute for Occupational Safety and Health and College of American

Pathologists (Kleinermaet al., 1979). Lesions, such as macules, nodules, x° tests (Rosner, 1990) were conducted to determine whether significe
progressive massive fibrosis (PMF), and silicosis, were graded subjectively éssociations existed between inheritance of specific polymorphic variants &
CWP into three groups: no disease, mild/moderate, and severe. Standhsdase status. Odds ratios were also calculated using a logistic regres:
photographs for different types of lesions and their grades of severity wamedel for each SNP with separate regression models applied for modere
used for this classification. Disease severity and grading were evaluated orsevere, and overall silicosis, with and without adjustment for occupation
average of five sections, with a range of 3—30 sections per case. All samm@gposure. The odds ratio represents the proportion among silicosis individu
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TABLE 1
Age, Smoking Status, and Years of Exposure by Disease Status

Mean = SD
Population Number of patients Age Years of smoking Years of exposure
Controls 164 63.2+ (50-87) 8.0 20.4+ (0-50) 6.4 21.3* (1-58) 13.3
Moderate 140 66.9* (27-87) 9.2 20.5* (0-70) 19.1 34.4+ (10-52) 10.1
Severe 185 68.7* *+ (39-93) 8.8 17.9x (0-60) 18.4 34.2* = (1-55) 11.3
Overall 489 66.3=+ (27-93) 9.0 19.5+ (0-70) 18.0 29.9+ (1-58) 13.2

Note.Values in parentheses are ranges.
* P < 0.05.

with the minor variant divided by the proportion of exposed individuals amorglightly greater for severe cases, as opposed to moderate ce

controls without disease. An odds ratio of 2.0, for instance, would imply thaga 7 versus 66.9), but years of occupational exposure we
the odds ratio of having severe disease are twice as high among individuals '

with the minor variant. The associations for two-way interactions betwe most identical Wl_th 34 yea_rs (_:"ach'

years of exposure and each polymorphism, each possible pair of polymor-Table 2 summarizes the distribution of genotypes and allel
phisms, and three-way interactions between exposure and each gene-fraguencies for TNk (—308), TNFx (—238), IL-1RA, IL-1«,
interaction were also assessed with logistic regression modelsp Tagies gn( IL-18, by disease status and severity. For TN 308)

were cal(_:ulated_usmg the likelihood ratio test betwee_n the model ywth %ltlnd TNFx (—238), differences in allelic frequency were asso
possible interactions and the model excluding only the interaction of interest.

For any two-way interaction that exhibited statistical significance, the prélated with the eXte_'nt of (_:iisease. For TRlE-308), the a”e|_e
portion of cases for those with and without the minor variant in the first gerz frequency was higher in moderate cases (0.37) and sligh
was plotted against the proportion of cases with and without the minor varigeiss in severe cases (0.24) than in controls (0.27). A differe
in the secon_d gene. The proportion qf cases in each category was adjusre?é?étiOﬂShip existed for TN&(—238), as allelic frequency was
differences in years of exposure (Wilcosky and Chambless, 1985). Any Sl%— d f 0.40 s (0.24). I
nificant three-way interactions were similarly identified by plotting the pro'- creased for severe cases (0.40) over controls (0.24),
portion of cases in each possible gene—gene combination for two differéleCreased for moderates (0.16). In contrast, the frequency
categories of exposure (less than or equal to 30 years versus greater thall 30RA allele 2 was substantially increased in both modera
years). Years of exposure were coded as less than or equal to 20, 20 to 3 @%5) and severe disease cases (0_22) compared to cont

to 40, or greater than 40 years of exposure for most regression analyses, wher . o .
the main effect of exposure was included as a confounding covariate. For eﬁ'G)' Neither IL-Iv nor IL-18 showed significant changes in

three-way interactions, exposure was coded as less than or equal to 30 yea®dl§le 2 frequency, with less than a 0.05 difference betwee
greater than 30 years to avoid numerical complexities associated with snfe¢quencies in moderate or severe cases versus controls. Tr
numbers in some of the cells. Plots of significant interactions were performﬁg|ati0nships also held when the crude odds ratio (unadjust

separately for moderate and severe disease. All statistical analyses wern : : . . . ,
conducted with SAS statistical software (SAS, 1999). "‘f?)reexposure) of disease for subjects with the minor variant ws

The proportion of cases and odds ratios for disease, as calculated in trﬁ%@-m'ned- Only the numbers of allele 2 carriers (1/2 or 2/
analyses, are not interpretable as estimates of population risk or even rela@li€le states) are presented in the table and reflect curr
risk, since the overall proportion of cases (approximately 0.66) was fixethderstanding that the heterozygote or homozygote state
by the study design. The odds ratio approximates the relative risk in tgﬁlts in the same degree of phenotypic perturbation of cytokit

population only if the overall proportion of cases is sufficiently small. lati l elab . Th b fh
Although the analyses conducted can be interpreted with regard to WhERSttrans ational elaboration. e number of homozygote va

genes or factors are associated with increased risk of silicosis, the propdfts (2/2) can be calculated from the allelic frequency and tot
tion of cases and odds ratios for disease should not be interpretedragsmber with the variant.

population estimates of that risk. For each polymorphism the odds ratio of disease and as:
ciated 95% confidence intervals for a subject with a minc
RESULTS variant are reported separately for moderate or severe disec

as well as total silicotic, using logistic regression models wit

Demographic data, including age, smoking, and exposu'qt@d without adjustment for years of exposure. Confidenc

conditions, for 325 cases with severe or moderate silicosis dgdels for the odds ratio not containing 1.0 can be consider:
164 controls with no apparent lung disease are presentedefitlivalent to statistically significant resultspat 0.05. After
Table 1. Age at death and years of exposure were significarggntrolling for years of exposure, the TNR—308), TNFx

increased in the population with severe silicosis, with a me&n238), and IL-1RA were all significantly associated with
of 68 versus 63 years of age at death and 34 versus 21 yearsoflerate, severe, and overall diseape<{ 0.01,p = 0.04,
underground exposure, respectively. Years of smoking weaed p < 0.01, respectively). TNl (—308) and IL-1RA

similar in the control and silicosis population. Age at death wahowed an increased risk for both disease groups. Howev
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TABLE 2
Distribution of Genotypes and Allele Frequencies

Disease status

Normal Carrier Total Allele 2 Crude OR Adjusted OR
1/1 Alleles 1/2 or 2/2 (% Carrier) frequency cn? cn

TNFa (—308)f

Controls 75 79 154 (51.3) 0.27 1.00 1.00

Moderate 40 97 137 (70.8) 0.37 2.30 (1.4-3.7) 3.59 (2.0-6.4)

Severe 83 74 157 (47.1) 0.24 0.85 (0.5-1.3) 1.61 (0.9-2.8)

All silicotic* 123 171 294 (58.2) 0.30 1.32 (0.9-2.0) 2.25 (1.4-3.6)
TNFa (—238f

Controls 87 73 160 (45.6) 0.24 1.00 1.00

Moderate 91 41 132 (31.1) 0.16 0.54 (0.3-0.9) 0.52 (0.3-0.9)

Severe 42 141 183 (77.0) 0.40 4.00 (2.5-6.4) 4.00 (2.4-6.8)

All silicotic 133 182 315 (57.8) 0.30 1.63 (1.1-2.4) 1.59 (1.0-2.5)
IL-1RA (+2018f

Controls 113 44 157 (28.0) 0.16 1.00 1.00

Moderate 54 60 114 (52.6) 0.35 2.85 (1.7-4.7) 2.54 (1.4-4.5)

Severe 95 65 160 (40.6) 0.22 1.76 (1.1-2.8) 2.01 (1.2-3.4

All silicotic 149 125 274 (45.6) 0.27 2.16 (1.4-3.3) 2.15 (1.3-3.5)
IL-1a (+4845)

Controls 125 31 156 (19.9) 0.10 1.00 1.00

Moderate 111 21 132 (15.9) 0.08 0.76 (0.4-1.4) 0.47 (0.2-0.9)

Severe 113 42 155 (27.1) 0.15 1.50 (0.9-2.5) 0.90 (0.5-1.6)

All silicotic 224 63 287 (22.0) 0.12 1.13 (0.7-1.8) 0.76 (0.4-1.3)
IL-18 (+3953)

Controls 43 95 138 (72.4) 0.36 1.00 1.00

Moderate 35 75 110 (68.2) 0.40 0.97 (0.6-1.7) 0.8 (0.5-1.6)

Severe 55 88 143 (61.5) 0.36 0.72 (0.4-1.2) 0.72 (0.4-1.3)

All silicotic 90 163 253 (64.4) 0.38 0.82 (0.5-1.3) 0.75 (0.4-1.2)

#0dds ratio (95% confidence limits).

® Odds ratio (95% confidence limits) adjusted for exposure with logistic regression.
¢ Significantly associated with moderate, severe, and overall disase .05).

¢ Represents total population studied with silicosis.

subjects with the TN& minor (—238) variant were at four both). The presence of both ILeland TNFx (—238) variants
times greater odds for developing severe silicosis, but half was required to decrease the odds of moderate silicosis, wr
likely to develop moderate disease. The odds ratio for disedke presence of only one variant led to a result similar to tho:
in miners with the IL-1RA variant was increased for moderat®ith the common genotype (Fig. 1A). With regard to sever
(2.54) and severe (2.01) silicosis. The odds ratio of the dNFlisease, TN& (—238) was associated with an increased odc
(—308) variant was increased in individuals with moderatef silicosis, but the magnitude of this effect was greater i
disease. However, the association with severe disease warse subjects without the ILedvariant (Fig. 1B). For the joint
confounded by occupational exposure, as indicated by tHistribution of IL-1RA and TNk (—308), the proportion of
differing results of logistic regression with and without adjustmoderate cases increased independently with the presence
ing for exposure. Neither the ILelnor IL-13 variants showed either minor variant (Fig. 1C). For severe disease, the intere
a significant association with overall silicosip (= 0.25 for tion between IL-1RA and TNé& (—308) was driven by sub-
both SNPs). However, IL-d was slightly, but significantly, jects with both variants (Fig. 1D).
associated with a decreased risk of moderate silicosis, aghree-way interaction analysis between each gene—ge
indicated by an adjusted odds ratio of 0.4@ € 0.04). interaction and exposure led to several marginal associ
Although consistently less than one, the adjusted odds ratiaens (0.05< p < 0.11). Thegeneral pattern demonstrated
between IL-B and disease were not significant for anyn each of these interactions is exemplified by the k.dnd
disease category. TNFa (—308) associationg = 0.05) (Figs. 1E and 1F).
Two gene—gene interactions, llel(+4845) by TNRx The prevalence of silicosis increases with increasing exp
(—238) and IL-1RA (+2018) by TN& (—308), were associ- sure, except in the case where both minor variants a
ated with altered risk for combined disease € 0.04 for present. For the group in which subjects are allele 2 carrie
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FIG.1. The (exposure-adjusted) proportion of cases depends on the joint combinationceoBhdITNF (—308) (A and B) and of IL-1RA and TNF (—238)
(C and D) with sample sizes for each combination given in parentheses. (A) The odds of moderate disease decreases with the presence of either ger
decreases significantly through an interactive effect for those subjects with variants in both genes. (B) Regardlesstbé lbdtis of severe disease increase:
with the presence of TNF (—308), although the increase is greater without the variantin (GJ1The odds of moderate disease increases independently w
minor variants in either gene. (D) For severe cases, the odds of disease increases substantially with the presence of TNF (—238), but only in those sul
also have the IL-1RA variant. The proportion of cases depends on the joint combination®f TINE (—308), and years exposure (E and F). The odds of eithe
moderate (E) or severe (F) disease increases significantly with increasing exposure, except when both minor variants are present. In this case the odd:
are either slightly decreased (moderate disease) or increased less significantly (severe disease), reflecting the observation that the group with both v
the highest proportion of moderate and severe cases for those exposed less than 30 years.

in both polymorphisms, there is little or no effect of increasal., 1998). For example, treatment with neutralizing antibodie

ing exposure and this group has the highest proportion tof TNFa causes a significant reduction of the fibrotic respons
moderate and severe cases for those exposed less thain3llica-exposed mice (Piguet al., 1990). Consistent with

years. these observations, we observed a strong association betw

silicosis and the TN& (—238) variant, as the allele carriers

DISCUSSION were significantly reduced in moderate disease and signi

Chronic  infl di it il d cantly predictive of severe disease (adjusted odds ratio of (
Chronic inflammatory diseases are multifactorial, detefs, 4 o respectively). This implies that individuals with the
mined by both environmental and genetic factors. While t

. . : : . TNFa (—238) variant are predisposed to more rapid develoj
interaction of genes with environmental and host factors ini- e .
ent of severe silicosis, which would account for the appa

tiates the disease process, other genetic factors, such as pOrXI-y protective effect on moderate outcomes, since tho

morphisms, can modify the extent or severity of the disease.q00Y. . . .
dividuals are progressing past moderate status with a higt

this respect, SNPs, which influence the quantity of inflammar bability. After adiusting f ¢ ional
tory cytokines produced, have been associated with the segRpability. After adjusting for years of occupational exposure

ity of several chronic inflammatory disorders, such as systenfit\Fa (—308) also showed a strong relationship with diseas
lupus erythrematosus, alopecia areata, and periodontitis (Po&dthe Presence of the variant was associated with an increa
et al., 1992; Blakemoreet al., 1994; Mandrup-Poulseet al., odds for both moderate and severe disease (adjusted odds re
1994; Corket al., 1996; Kornman and di Giovine, 1998; Goref 3.6 and 1.6, respectively).

et al., 1998). Silicosis, resulting from the interaction of silica Due to chromosomal location and biological effects, it ha
particles and lung cells, is manifested by persistent overpfeen speculated that a polymorphism within the &Nfene
duction of inflammatory mediators, leading to alveolar daninay play a role in the genetic association of MHC haplotype
age, fibroblast proliferation, collagen deposition, and granwith autoimmune and inflammatory diseases (Wilsnal.,
loma formation. Animal models have suggested that IL-1 anti993). Thus, TNk expression may depend on polymorphism:
particularly, TNFe play significant roles in silica-inducedin the TNFx promoter region or a linkage association with the
lung damage (Driscokt al.,1990; Daviset al.,1998; Orfilaet HLA genotype (D’Alfonso and Richiardi, 1994; Pociet al.,



80 HIGHLIGHT

1993). In this respect, the 308 allele is associated with thediseases as shown in the case of periodontitis (&dral.,
HLA Al, B8, DR3, DR4, and the DQ2 haplotypes; the DR2 i4998).

associated with low TNé& responses; and the DR3 and DR4 In conclusion, these results show both independent a
genotypes are associated with high Td\Nroduction (Jacolkt interrelated effects of IL-1 and TNFpolymorphisms on sus-
al., 1990; Wilsonet al., 1993). Therefore, the increased proceptibility and extent of silicosis in underground miners. Thes
duction of TNFx could contribute to the increased incidence dindings also indicate that occupational exposures must |
autoimmune diseases observed in individuals with HLA Aronsidered in interpreting results, as both the magnitude a
B8, and DR3 haplotypes (Kroeget al., 1997). In Caucasian the direction of associations can be influenced by years
patients with silicosis, the highest risk of developing seveRxposure. The assessment of such interactions and of exten
fibrosis was found to be associated with the HLA-Aw19-B1disease severity provides insight into the underlying mech
haplotype (Koskineret al., 1983). Inmunogenetic analysis innisms relating silicosis to genetic factors, thus leading towa
Japanese populations revealed that susceptibility to silicosi®@ter estimation of susceptible populations and individus
associated with HLA-Bw54, suggesting that a TiN&lele, in human risk assessments.

linkage disequilibrium with this haplotype, might help deter-

mine predisposition to silicosis (Hondet al., 1993). Our ACKNOWLEDGMENTS

results cannot exclude the possibility of a direct linkage dis-_ ) o
This work was supported in part by TUBITAK (The Scientific and Tech-

equilibrium with the HLA alleles implicated in susceptibility 10, peearch Council of Turkey) B NATO, Grant BAYG-2548. The author:
silicosis. It should be noted that the estimated contribution ghnk patsy A. illard for excellent technical assistance in the preparation
genetic factors to variability in TN levels between individ- tissues.
uals is approximately 60% (Westendapal.,1997), suggest-
ing the variability in TNFe levels may only be partly explained REFERENCES
by the —238 and—308 polymorphisms. _ _ _
The frequency of the IL-1RA allele 2, as well as IL-1RAA”aS' A. |, Giles, B., Eiermann, T. H., Sterry, W., and Pandey, J. P. (1997
rotein, is increased in inflammatory diseases such as alopecja ™" hecrosis factor-alpha gene polymorphism in psoridsiq. Clin.
p ! dul : It | y | i field p |%munogenetl4, 118-122.
areota ar? u cgranve colitis. (T_ar CEW a ",1994' Mansfielcet Blakemore, A. I. F., Tarlow, J. K., Cork, M. J., Gordon, C., Emery, P., ant
al., 199_41 Dan|3§t al., 1995). Likewise, it has been rePortEd Duff, G. W. (1994). Interleukin-1 receptor antagonist gene polymorphism
that an increase in the frequency of the IL-1RA allele 2 is oftena disease severity factor in systemic lupus erythematdstisitis Rheum.
more prevalent in severe forms of the disease (Blakerabre 37.1380-1385.
al., 1994; Tarlowet al.,1994). In line with these observationsBorm, P. J. A., Palmen, N., Engelen, J. J. M., and Buurman, W. A. (1988
we noted that allele 2 of the IL-1RA exon 2 polymorphism was Spontaneous and stimulated release of tumor necrosis factor-alpha (TN

L . . . . from blood monocytes of miners with coal workers pneumoconidsis.
significantly increased in miners with bothoalerate and se- g, Respir. Dis138, 15891594,

Ve're S”'(_:OSB' The hlgher frec']u'e'ncy of E.ll'lele _2 suggests tIK’:’Jbrera, M., Shaw, M. A., Sharples, C., Williams, H., Castes, M., Convit, J

this variant affects susceptibility to silicosis rather than and Blackwell, J. M. (1995). Polymorphism in tumor necrosis factor gene

extent of disease. Although there was no association withessociated with mucocutaneous leishmaniasisExp. Med.182, 1259—

the IL-18 variant, an allelic association between IL-1RA 1264

and IL-1a was found (O — 0_04). This maya|so represent Carroll, M. C., Katzman, P., Alicot, E. M., Koller, B. H., Geraghty, D. E., Orr,
- . . H. T. i . L. ies, T. (1987). Link f the hume

a susceptibility factor for silicosis, as the IL-1/IL-1RA ratio . Strominger, J. L., and Spies, T. (1987). Linkage map of the hum

o7 - . . major histocompatibility complex including the tumor necrosis factor gene:
is important in the regulation of inflammatory processespoc, Natl. Acad. Sci. US&4, 8535—8539.

(CaSin.i'Raggiet al.,, 1995). It is po;sible that Other po'V_‘Casini—Raggi, V., Kam, L., Chong, Y. J. T., Fiocchi, C., Pizarro, T. T., anc
morphisms in the IL-1 gene family are associated with Cominelli, F. (1995). Mucosal imbalance of IL-1 and IL-1 receptor antag
severity of silicosis. onist in inflammatory bowel disease: A novel mechanism of chronic intes

Although some inconsistencies were observed, the two—waPV”a' inflammation.J. Immunol.154,2434-2440.
, F. E., Cork, M. J., Tarlow, J. K., Blakemore, A. |. F., Harrington, C. I.,

gene._ge.ne interactions also prov@gd 5.0me mSIght Into tﬁ%ﬁwis, F., and Duff, G. W. (1994). Interleukin 1 receptor antagonist gen
contributions of these SNPs and silicosis. For example, th%olymorphism association with lichen sclerositim. Genet94,407-410.
IL-1RA and TNFx (—308) interaction showed a strong indeg|ay £ g Tarlow, J. K., Cork, M. J., Cox, A., Nicklin, M. J. H., and Duff,
pendent association between each SNP and moderate diseagew. (1995). Novel interleukin-1 receptor antagonist exon polymorphisir
which is consistent with the individual results in Table 2, after and their use in allele-specific mMRNA assessmehim. Genet97, 723~
adjusting for exposure. For severe disease, however, the anaf26:

yses indicated that the presence of both variants leads to m&efc M- J. Crane, A. M., and Duff, G. W. (1996). Genetic control of
higher odds of disease (see Figs. 1C and 1D), thus driving th(:ytoklnes: Cytokine gene polymorphisms in alopecia aréx¢amnatol. Clin.

e P D€ X ) |94 671-678.
significant increase in disease for either gene when examl%/glfonso, S., and Richiardi, P. M. (1994). A polymorphic variation in a

independently. This would be consistent with the overlappingpytative regulation box of the TNFpromoter regionlmmunogenetic89,
functions of inflammatory cytokines in chronic inflammatory 150-154.



HIGHLIGHT 81

Danis, V. A., Millington, M., Hyland, V. J., and Grennan, D. (1995). CytokineMansfield, J. C., Holden, H., Tarlow, J. K., di Giovine, F. S., McDowell, T. L.,
production by normal human monocytes: Inter-subject variation and rela-Wilson, A. G., Holdsworth, C. D., and Duff, G. W. (1994). Novel genetic
tionship to an IL-1 receptor antagonist (IL-1Ra) gene polymorphiSlim. association between ulcerative colitis and the anti-inflammatory cytokir
Exp. Immunol99, 303-310. interleukin-1 receptor antagonigbastroenterologyl06, 637—-642.

Davis, G. S., Pfeiffer, L. M., and Hemenway, D. R. (1998). Persistent oveMdcDowell, T. L., Symons, J. A., Ploski, R., Forre, O., and Duff, G. W. (1995).
expression of interleukin-1 beta and tumour necrosis factor-alpha in murineA genetic association between juvenile rheumatoid arthritis and a nov

silicosis.J. Environ. Pathol. Toxicol. Oncoll7,99-114. interleukin-Jn polymorphism.Arthritis Rheum 38, 221-228.

di Giovine, F. S., Cork, M. J., Crane, A., Mee, J. B., and Duff, G. W. (1995McGuire, W., Hill, A. V. S., Allsopp, C. E. M., Greenwood, B. M., and
Novel genetic association of an Ilalgene variation at-3953 with IL-1o Kwiatkowski, D. (1994). Variation in the TNIe-promoter region associated
protein production and psoriasiSytokine7, 606. with susceptibility to cerebral malari&lature 371,508-511.

Driscoll, K. E., Lindenschmidt, R. C., Maurer, J. K., Higgins, J. M., andMcManus, R., Wilson, A. G., Mansfield, J., Weir, D. G., Duff, G. W., and
Ridder, G. (1990). Pulmonary response to silica or titanium-dioxide: Inflam- Kelleher, D. (1996). TNF2, a polymorphism of the tumour necresgene
matory cells, alveolar macrophage-derived cytokines, and histopathologypromoter, is a component of the celiac disease major histocompatibili
Am. J. Respir. Cell Mol. Biol2, 381-390. complex haplotypeEur. J. Immunol26, 2113-2118.

Gore, E. A, Sanders, J. J., Pandey, J. P., Palesch, Y., and Galbraith, G. MMRazaki, Y., Araki, K., Vesin, C., Garcia, |., Kapanci, Y., Whitsett, J. A.,
(1998). Interleukin-1b (+3953) allele 2: Association with disease status inPiguet, P. F., and Vassalli, P. (1995). Expression of a tumor necros
adult periodonitisJ. Clin. Periodontol.25, 781-785. factor-alpha transgene in murin lung causes lymphocytic and fibrosir

Gossart, S., Cambon, C., Orfila, C., Seguelas, M. H., Lepert, J. C., Rami, Jlglveolitis: A mouse model of progressive pulmonary fibroi<lin. Invest.
Carre, P., and Pipy, B. (1996). Reactive oxygen intermediates as regulator§6' 250-259.
of TNFa production in rat lung inflammation induced by silidalmmunol. Mohr, C., Gemsa, D., Graebner, C., Hemenway, D. R., Leslie, K. O

156,1540-1548. Absher, P. M., and Davis, G. S. (1991). Systemic macrophage stimul
Honda, K., Kimura, A., Dong, R-P., Tamai, H., Nagato, H., Nishimura, Y., and tion in rats with silicosis: Enhanced release of tumour necrosis factor-
Sasazuki, T. (1993). Immunogenetic analysis of silicosis in Jafen.J. from alveolar and peritoneal macrophagam. J. Respir. Cell Mol. Biol.

Respir. Cell Mol. Biol.8, 106—111. 5, 395-402.

Huang, S-L., Su, C-H., and Chang, S-C. (1997). Tumor necrosis facgene Orfila, C., Lepert, J. C., Gossart, S., Frisach, M. F., Cambon, C., and Pipy,
polymorphism in chronic bronchitisam. J. Respir. Crit. Care Med.56, (2998). Immunocytochemical characterization of lung macrophage surfa
1436-1439. phenotypes and expression of cytokines in acute experimental silicosis

. ... mice. Histochem. J30, 857-867.
Jacob, C. O., Fronek, Z., Lewis, G. D., Koo, M., Hansen, J. A., and McDeuvitt,

H. O. (1990). Heritable major histocompatibility complex class Il-associatdgguet: P- F., Collart, M. A., Grau, G. E., Sappino, A., and Vassalli, P. (1990

differences in production of tumor necrosis factorRelevance to genetic ~ Requirement of tumor necrosis factor for development of silica-induce

predisposition to systemic lupus erythematogtrsc. Natl. Acad. Sci. USA  Pulmonary fibrosisNature 344, 245-247.

87,1233-1237. Pociot, F., Molvig, L., Wogensen, L., Worsaae, H., and Nerup, J. (1992).
Jouvenne, P., Chaudhary, A., Buchs, N., di Giovine, F. S., Duff, G. W., and T2d! polymorphism in the human interleukinXIL-1a) gene correlates

Miossec, P. (1999). Possible genetic association between interleukin-1 With IL-1a secretion in vitroEur. J. Clin. Invest22, 396-402.

gene polymorphism and the severity of chronic polyarthrifist. Cytokine Pociot, F., Briant, L., Jongeneel, C. V., Molvig, J., Worsaae, H., Abbal, M.

Netw. 10, 33-36. Thomsen, M., Nerup, J., and Cambon-Thomsen, A. (1993). Association
Kleinerman, J., Green, F., and Laqueur, W. (1979). Pathology standards fofumor necrosis factor (TNF) and class Il major histocompatibility comple:
coal workers’ pneumoconiosi®athol. Lab. Med103,375-431. alleles with the secretion of TNk-and TNF#8 by human mononuclear

o cells: A possible link to insulin-dependent diabetes melliitig:. J. Immu-
Kornman, K. S., Crane, A., Wang, H-Y., di Giovine, F. S., Newman, M. G.,

Pirk, F. W., Wilson, T. G., Higginbottom, F. L., and Duff, G. W. (1997). The nol. 23, 224-231. ) o

interleukin-1 genotype as a severity factor in adult periodontal disead®osner, B. (1990)Fundamentals of BiostatisticBWS-Kent, Boston.

J. Clin. Periodontol.24, 72—77. Roux-Lombard, P. (1998). The interleukin-1 famikur. Cytokine Netw9,
Kornman, K. S., and di Giovine, F. S. (1998). Genetic variations in cytokine 565-576.

expression: A risk factor for severity of adult periodonti#iéin. Periodon- SAS (1999). User’s Guide: Statistics, Version 7-1, Vol. 4. SAS Institute, Inc

tol. 3, 327-338. Cary, NC.

Koskinen, H., Tiilikainen, A., and Nordman, H. (1983). Increased prevalen&avici, D., He, B., Geist, L. J., Monick, M. M., and Hunninghake, G. W.
of HLA-Aw19 and the phenogroup Aw19, B18 in advanced silicoSisest (1994). Silica increases tumor necrosis factor (TNF) production, in part, k

83, 848-852. upregulating the TNF promoteExp. Lung Res20, 613—-625.

Kroeger, K. M., Carville, K. S., and Abraham, L. J. (1997). Th808 tumor Schmidt, J. A., Oliver, C. N., Lepe-Zuniga, J. L., Green, |., and Gery, |. (1984
necrosis factorr promoter polymorphism effects transcriptidviol. Immu- Silica-stimulated monocytes release fibroblast proliferation factors identic
nol. 34, 391-399. to interleukin 1: A potential role for interleukin 1 in the pathogenesis o

Lasalle, P., Gosset, P., Aerts, C., Fournier, E., Lafitte, J. E., Degreef, J. M.Silicosis.J. Clin. Invest.73, 1462-1472.
Wallaert, B., Tonnel, A. B., and Voisin, C. (1990). Abnormal secretion oBullivan, K. E., Wooten, C., Schmeckpeper, Goldman, D., and Petri, M. /
interleukin-1 and tumor necrosis factarby alveolar macrophages in coal (1997). A promoter polymorphism of tumor necrosis facioassociated
workers’ pneumoconiosis: Comparison between simple pneumoconiosis andith systemic lupus erythematosus in African-Americahghritis Rheum.
progressive massive fibrosiExp. Lung Resl6, 73—80. 40, 2207-2211.

Mandrup-Poulsen, T., Pociot, F., Molvig, J., Shapiro, L., Nilsson, P., Emddlarlow, J. K., Clay, F. E., Cork, M. J., Blakemore, A. I. F., McDonagh,
T., Roder, M., Kjems, L. L., Dinarello, C. A., and Nerup, J. (1994). A.J. G., Messenger, A. G., and Duff, G. W. (1994). Severity of alopeci
Monokine antagonism is reduced in patients with IDDBliabetes43, areata is associated with a polymorphism in the interleukin-1 recept
1242-1247. antagonist genel. Invest. Dermatol103, 387—-390.



82 HIGHLIGHT

Wagner, G. R. (1997). Asbestosis and silicoksncet349,1311-1315. Single bas polymorphism in the human tumour necrosis factor alpha (TN
Westendorp, R. G. J., Langermans, J. A. M., Huizinga, T. W. J., Elouali, A. H., alpha) gene detectable by Ncol restriction of PEfRm. Mol. Genetl, 353.
Verweij, C. L., Boomsma, D. I., and Vandenbrouke, J. P. (1997). Genetilson, A. G., de Vries, N., Pociot, F., di Giovine, F. S., van der Potte, L. B.
influence on cytokine production and fatal meningococcal disdas®et  and Duff, G. W. (1993). An allelic polymorphism within the human tumor
349,170-173. necrosis factor alpha promoter region is strongly associated with HLA A
Wilcosky, T. C., and Chambless, L. E. (1985). A comparison of direct and B8, and D2 allelesJ. Exp. Med.177,557-560.
regression adjustment of epidemiologic measute€hronic Dis.38,849—  zhaj, R., Jetten, M., Schins, R. P. F., Franssen, H., and Borm, P. J. A. (199
856. Polymorphisms in the promoter of the tumor necrosis faatgene in coal
Wilson, A. G., di Giovine, F. S., Blakemore, A. |, and Duff, G. W. (1992). miners.Am. J. Ind. Med34, 318-324.



	MATERIALS AND METHODS
	TABLE 1

	RESULTS
	TABLE 2
	FIG. 1

	DISCUSSION
	ACKNOWLEDGMENTS
	REFERENCES

