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Abstract

We have identified three new human tumor necrosis factor-α (TNF-α) promoter polymorphisms with

single nucleotide (nt) substitutions at −862, −856, and −574 nt relative to the TNF-α transcription

start site. The −862 and −856 nt TNF-α promoter polymorphisms occur with high frequency in

Caucasian and Cambodian individuals and are each non-randomly associated with three extended

HLA haplotypes. This study, in which 61 independent TNF-α promoters were analyzed spanning

from −977 to +93 nt relative to the TNF-α mRNA cap site, establishes a new canonical TNF-α
promoter sequence. Furthermore, we show that none of the three novel polymorphisms at −862, −856

and −574 nt or polymorphisms previously described at positions −238. −308 and +70 have an effect

upon TNF-α gene expression in activated lymphocytes. Thus, these TNF-α promoter polymorphisms

likely serve as markers for neighboring genes encoding HLA or other undefined molecules in the

MHC that may influence disease susceptibility.
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The cytokine tumor necrosis factor (TNF)-α plays a critical role in lymphocyte biology as well

as in a variety of infectious and autoimmune diseases (reviewed in (1)). In the case of certain

infectious diseases, too much or too little TNF-α is associated with variable patterns of disease

pathogenesis (for example, see (2–4); reviewed in (5)). Thus, the identification of

polymorphisms that influence TNF-α gene expression and protein production could provide

insight into patterns of disease pathogenesis associated with different amounts of TNF-α gene

expression and subsequent protein production.

To date, five TNF-α promoter polymorphisms, located at −238, −244, −308, −376, and +70

nucleotides (nt) relative to the TNF-α transcription start site, have been identified (6–11). The

−238, −244, −308, and −376 nt polymorphisms represent base variants at the respective

positions (6–9,11), whereas the +70 polymorphism is an added nucleotide (10). None of these
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polymorphisms occur within TNF-α promoter regions previously shown to be involved in

regulation of the gene (12–16).

We sequenced TNF-α promoters from a total of 61 different chromosomes spanning from −977

to +93 nt relative to the TNF-α transcription start site and found three novel polymorphisms

located at −574, −856, and −862 nt. We could not detect any effect of the three novel TNF-α
polymorphisms identified in this study or of the previously identified −308, −238, and +70

polymorphisms upon transcriptional regulation of the TNF-α gene in activated T or B cells.

However, the two high frequency polymorphisms located at −856 and −862 are each associated

with three extended HLA haplotypes consistent with the high degree of linkage disequilibrium

within the human major histocompatibility complex (MHC) (see (17) for review).

Material and methods

Determination of TNF-α promoter polymorphism

Genomic DNA was obtained from bone marrow biopsies from Caucasian patients in remission

from multiple myeloma (MM), non-Hodgkin’s lymphoma (NHL) as previously described

(18), or from peripheral blood mononuclear cells derived from normal Cambodian individuals

from Svay Rieng, Cambodia (19), and from normal Caucasian individuals from Boston,

Massachusetts, by a quick isolation method (2%).

Polymerase chain reaction (PCR) was performed using primers to amplify the sequences

between −977 and +93 nt relative to the TNF-α transcription start site using a primer at −977:

5′ CCG GAT CCT ATG GCC ACA TGT AGC GGCT 3′ with an artificial Bam-H1 end, and

a primer at +93: 5′ GCT CTA GAC GTC TGA GGG TTG TTT TCAG 3′ with an artificial

Xba-I end Samples were first denatured for 5 min at 95°C, followed by 35 cycles of a 45 s

denaturing step at 92°C, a 45 s annealing step at 68°C, and a 45 s extension step at 74°C. A

final extension step was performed for 10 min at 72°C. The PCR products were separated by

agarose gel electrophoresis, excised from the ethidium bromide-stained gel, and purified using

a Qiagen gel extraction kit. A negative control (minus DNA) was included in each PCR

reaction. The fragments were then either sequenced directly using an automated sequencer

(attaining readable sequence between −950 and +70 nt relative to the TNF-α transcription start

site) or digested with Bam-HI and Xba-I and subcloned into the Bam-HI and Xba-I sites of the

POCAT reporter plasmid as previously described (14) and sequenced by the dideoxy method

(determining sequences between −977 and +93 nt). Each mutation was verified by an

independent PCR reaction from the original sample and subsequent sequencing. We PCR

amplified a total of 61 TNF-α promoter fragments derived from 31 unrelated Caucasians and

from 10 unrelated Cambodians, After PCR amplification, both DNA strands were sequenced

in 12 of the Caucasian and in all 10 of the Cambodian individuals. Of the remaining 19

Caucasian individuals, a TNF-α promoter fragment from a single DNA strand was cloned and

sequenced.

Screening for −308, −856, and −862 variants in B-cell malignancy samples

DNA was extracted from samples from the Dana-Farber Cancer Institute bone marrow bank

from individuals with established diagnoses of MM, NHL, chronic lymphocytic leukemia

(CLL), and acute lymphoblastic leukemis (ALL) as previously described (18,20) and was

screened for the −308, −862, and −856 TNF-α promoter variants. The −308 TNF-α variants

were determined by restriction fragment length polymorphism analysis using primers designed

to incorporate the polymorphic site (the nucleotide A versus G) at position −307 nt relative to

the TNF-α transcription start site. The −308 variant (A at −308 nt) creates a Nco-I restriction

site and can be differentiated by size (107 nt for the non-variant form and 87 nt for the variant

−308 form) by agarose gel electrophoresis (6). The −856 and −862 TNF-α promoter variants
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were determined by direct sequencing of a PCR product of a TNF-α promoter fragment between

−945 and −760 nt. The primers used were: −977: 5′ CCG GAT CCT ATG GCC ATG GCC

ATG TAG CCC CT 3′, and −739: 5′ TGA AGC TCT CAC TTC TCA GG 3′. The PCR

conditions and the processing of the PCR fragments were as described above.

Screening homozygous B-cell lines for the −856 and −862 alleles

Homozygous cell lines from the Tenth International Histocompatability Workshop (PF97387,

L0541265, DBB, HHKB, BM9, WT49, WT51, KT12, MADURA, YAR, WDV, SAVC, DKB,

SL005, SPACH, BOLETH, MT14B, EJ32B, JO528239, EHM, MOU, PITOUT L0081785,

BSM, DUCAF, DEU, WIN, MZ070782, TEM, HID, HOR, JHAF, E4181324) (21,22) were

screened for the −856 and −862 TNF-α promoter polymorphisms by PCR-single strand

oligonucleotide polymorphism (SSOP) methodology (23). PCR amplification of the −945 to

−760 region of the TNF-α promoter was performed as described above. Gel electrophoresis

was carried out with a 5 μl aliquot of the 50 μl PCR-amplified product to confirm amplification.

Replicate membranes were prepared by direct spotting of the PCR product onto Hybond N+

membranes (Amersham, Arlington Heights, Illinois). Membranes were allowed to dry at room

temperature for 30 min followed by denaturing in 0.4 M NaOH for 5 min neutralizing in 5×

standard saline citrate (SSC) for 5 min and by crosslinking by UV light as previously described

(23,24).

Prehybridization was carried out for 1 h followed by hybridization overnight at 42°C in a buffer

containing 5× SSC, 0.1% sodium lauryl sarcosinate, 0.02% sodium dodecyl sulfate (SDS) and

1% slocking reagent (Boehringer Mannheim, Indianapolis, Indiana), employing a non-

radioactive method. Detection of the TNF-α promoter polymorphisms was performed using

four probes (two for −856 and two for −862), which create a single base pair mismatch. The

sequences of each pair of the probes are: −856: 5′ CTTAA(C/T)GAAGACAGGCCAT 3′;
−862: 5′ GTATGGGGACCCCC(C/A)CTTAA 3′. The probes were labeled at the 3′ end with

digoxigenin (Genius 6 Kit, Boehringer Mannheim). After hybridization, the niernbranes were

washed twice with 2× SSC at room temperature for 10 min, with tetramethylammonium

chloride (TMAC) buffer (50 mM Tris-HCL, 3 M TMAC, 2 mM EDTA, 0.1% SDS) and then

washed twice with TMAC buffer for 15 min at 61°C for the −862 variant and at 55°C for the

−856 variant. Allele assignment was established using the chemiluminescent detection method.

Cell culture, activation, and transfection

The murine B-cell lymphoma cell line A20 and the antigen-specific murine T-cell clone Ar-5

were grown and transfected as previously described (14,16), Twenty-four hours after

transfection, cells were activated with phorbol myristate acetate (PMA) (Calbiochem, 200 nM)

plus ionomycin (1 μM), harvested approximately 18 h later and chloramphenicol

acetyltransferase (CAT) assays were performed as previously described (8,10). Human Raji B

cells were transfected by the lipofectamine method, stimulated approximately 18 h later with

PMA (Calbiochem, 200 nM) and CAT assays were performed as previously described (13).

Plasmids

We cloned the wild type (WT) and polymorphic TNF-α promoters (−862, −856/+70, −574,

−307), all spanning from −977 to +93 nt relative to the TNF-α mRNA cap site, into the Bam

HI and Xba I sites of POCAT as previously described (14). We PCR amplified the TNF-α
promoter bearing the −237 variant from the homozygous cell line DUCAF. All constructs were

confirmed by dideoxy sequencing and are isogenic except for the allelic variant bases noted.
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Results

Identification of novel TNF-α promoter polymorphisms at −574, −854, and −862 nt

We used PCR to amplify 61 TNF-α promoter fragments spanning a region from −977 to +93

nt relative to the TNF-α transcription start site derived from unrelated Caucasian and

Cambodian individuals. This analysis revealed three previously unidentified promoter

polymorphisms at −574 (G to A), −856 (C to T), and −862 (C to A) nt relative to the TNF-α
transcription start site (Fig. 1).

The −862 and −856 variants were detected respectively in 11 and six of the 43 TNF-α promoters

derived from Caucasians, and the −862 and −856 variants were found respectively in six and

two of the 20 TNF-α promoters derived from Cambodians. One Caucasian individual bearing

the −856 polymorphism also carried the +70 nt variant. In contrast, the new −574

polymorphism was observed in only one of the 61 TNF-α promoters, derived from a Caucasian

individual. Of the 61 TNF-α promoters examined, we did not identify any individuals bearing

the −238, −244, or −375 alleles. The −308 nt variant was found in 12 of the 61 promoters (nine

Caucasians and three Cambodians), consistent with its prevalence in other sample sets tested

(9,25).

In Genbank, there are nine independent human TNF-α promoter sequences which variably

span from −1056 to +127 relative to the TNF-α transcription start site and, when these

sequences are compared, there are variations in each of the reported sequences. Our analysis

of 61 TNF-α promoters derived from two distinct populations produced a unique consensus

TNF-α promoter sequence. We have determined the most frequent allelic form of each

promoter residue spanning from −977 to +93 relative to the TNF-α mRNA cap site (Fig. 1).

This data revealed that the previously reported −238, −244, −308, and −376 TNF-α promoter

polymorphisms actually occur at positions −237, −243, −307, and −375 respectively when

counting 5′ from the transcription start site (the ‘A’ noted at position +1 (Fig. 1}). Throughout

the remainder of the paper, these mutations are referred to by their correct position relative to

the TNF-α mRNA cap site.

The −862, −856, −574, −307, −237, and +70 polymorphisms do not affect TNF-α transcription

To determine whether the newly identified TNF-α promoter polymorphisms had an effect upon

TNF-α gene expression, we cloned a WT TNF-α promoter and TNF-α promoters bearing the

−862, −856/+70, and the −574 variants and fused them to the CAT reporter gene (-862M, −856/

+70M, −574M). We also constructed TNF-α promoter CAT reporter genes bearing the −307

and −237 polymorphisms to test the effect of the −307 and −237 TNF-α promoter variants

upon TNF-α gene expression. These constructs were transfected into the antigen-specific

murine T-cell clone Ar-5 or the murine B-cell lymphoma line A20, and either mock stimulated

or stimulated the cells with phorbol ester (PMA) and ionomycin. The −862, −856/+70, −574,

−307, and −237 TNF-α promoter variants did not affect constitutive or PMA/ionomycin-

stimulated TNF-α gene expression in Ar-5 T or A20 B cells (Fig. 2).

We also tested the effect of the −;307 polymorphism upon TNF-α gene expression in the human

Burkitt’s lymphoma cell line, Raji. Similar to results obtained in Ar-5 and A20 cells, we did

not detect an effect of the −307 polymorphism, nor did we detect an effect of the −862, −856/

+70, and −237 TNF-α promoter variants upon upon constitutive or PMA-inducible TNF-α gene

expression in Raji cells (Fig. 3). We conclude that the −862, −856/+70, −574, −307, and - 237

TNF-α promoter polymorphisms do not have a detectable effect upon TNF-α gene expression

in the T and B-cell model systems tested.
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The −856 and −862 TNF-α promoter variants are associated with extended HLA haplotypes

Markers in the HLA class III region, including complement and HSP 70 alleles, TNF

microsatellite markers and the −307 TNF-α promoter variants are in linkage disequilibrium

with HLA-DR and HLA-B genes (17,24,26). To determine whether the high frequency −862

and −856 TNF-α promoter polymorphisms were in linkage disequilibrium with extended HLA

haplotypes, we screened homozygous human B-cell lines of known HLA-DR and HLA-B types

(21), TNF microsatellite (24), and complotype markers (27) using a PCR-SSOP method.

As shown in Table 1, this analysis revealed that the −862 and −856 TNF-α promoter variants

are in linkage disequilibrium with extended HLA haplotypes (21,24,27). The −856 variant is

associated with three extended haplotypes, including HLA-DR2, B18 haplotype, which is a

marker for C2 deficiency (HLA-DR2, C2*0, C4A*4, BF*F1, C4B*2; see (24)). The −856

variant is also associated with the extended haplotype defined by HLA-DR4. B38, which is

associated with pemphigus vulgaris and clozapine-induced agranulocytosis, found in

Ashkenazi Jewish populations (24), and includes the TNF microsatellite variant marker

TNFa10 (HLA-DR4, C2*C, C4A*2, BF*S, C4B*1, HLA-B38) (24). The extended haplotype

associated with 21-hydroxylase deficiency, which is defined by HLA-DR7, B47 (28,29), is

also associated with the −856 variant. The −862 variant is associated with the extended

haplotypes HLA-DR1, B14; HLA-DR1, B35; and HLA-DR4. B62 (30).

Interestingly, none of the TNF-α promoter variants found at −856, −862, and −307 occur

simultaneously in the homozygous cell lines (Table 1). Furthermore, none of the TNF-α
promoter variants studied (−862, −856, −307) are present in the three extended haplotypes

marked by HLA-DR2. B7; HLA-DR4, B44; HLA-DR7, B44 (30). We also found no evidence

of these variants in six HLA-DR11, B35 haplotypes derived from one homozygous cell line

(J0528239; see (22)) and four independent examples from four families with heterozygous

individuals (Table 1, line 6).

To ascertain the frequency of occurrence of the −856 and −862 TNF-α promoter

polymorphisms relative to the −307 TNF-α promoter polymorphism, an additional 105

promoters were examined from Caucasian individuals with B-cell malignancies and

specifically screened for these polymorphisms. Interestingly, the −862 variant occurs with

approximately the same frequency as the −307 variant in Caucasians, 17.4% versus 18.6%

respectively, and was twice as frequent in the Cambodian population (Table 2). The −856

variant occurred in 13.6% of the Caucasian and 10% of the Cambodian promoters tested (Table

2). Furthermore, we did not detect a significant increase of the −862, −856, or −307 variants

in patients carrying the diagnosis of NHL or MM versus normal control individuals (Table 2).

Discussion

The TNF-α gene occurs in the class III region of the major histocompatibility locus on human

chromosome 6 (see (31) for review). Here, we have described three new TNF-α single nt

promoter polymorphisms, two of which are in linkage disequilibrium with extended HLA

haplotypes. The finding that these polymorphisms occur in genetically separated groups of

Caucasian and Asian descent and in independently derived homozygous cell lines indicates

that these mutations are ancestral and did not arise recently. Given our sample size of 61

promoters, there is greater than a 95% chance that we would have detected any single nt

polymorphism occurring in the human TNF-α promoter between −977 and +89 if the hetero-

zygosity of that polymorphism were 0.048 or greater.

Previous studies have shown that the major regulatory elements necessary for the inducible

regulation of the TNF-α gene via multiple stimuli in a variety of cell types are contained within

a relatively compact promoter region contained within −200 base pairs relative to the TNF-α
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mRNA cap site (12–16). Consistent with this observation, the −862, −856, and −574

polymorphisms did not have an effect upon the transcriptional regulation of the gene in T and

B lymphocytes.

Our results also demonstrate conclusively that the −307 variant does not influence TNF-α gene

expression in activated lymphocytes, in agreement with two studies (32,33) and at variance

with two other studies (34,35). Others have speculated that the −237 and −243 TNF-α variants

would have an effect upon TNF-α gene regulation because they occur within a stretch of DNA

that bears a resemblance to a ‘Y-box’ (CCAAT) enhancer motif (7). Here, we have formally

shown that the −237 variant also has no effect upon TNF-α gene expression in activated T or

B cells using promoter-reporter fusion genes. This data is consistent with functional studies,

using the mouse TNF-α promoter, which have demonstrated that mutations in the murine

equivalent of these sequences had no effect upon the transcriptional activity of the TNF-α
promoter in lipopolysaccharide-stimulated monocytes (36).

Using homozygous cell lines (21,22), we have shown that the −856 and −862 TNF-α promoter

variants are associated with extended HLA haplotypes. Previous studies have shown an

association between the −307, −237, and −243 variants and extended HLA haplotypes (7,8,

19,24,25). Thus, the human TNF-α promoter polymorphisms located at positions −237, −243,

−307, −862, and −856 relative to the TNF-α transciption start site are all non-randomly

associated with other neighboring genes on chromosome 6 and all serve as markers for extended

HLA haplotypes.

Interestingly, different patterns of TNF-α secretion have previously been associated with

particular extended HLA haplotypes (37,38). Our data argue that differential patterns of TNF-

α secretion are not due to upregulation of TNF-α gene transcription secondary to the TNF-α
promoter polymorphisms tested. Thus, the increased TNF-α bioactivity observed in association

with extended HLA haplotypes must involve a different aspect of regulation of TNF-α.

As would be anticipated from the critical role that TNF-α plays in inflammation and

lymphocyte biology, the regions of the promoter involved in the regulation of the gene are

highly conserved. In fact, our analysis revealed no nt variability near any of the TNF-α upstream

promoter elements previously shown to be involved in the regulation of the gene. It is

interesting to speculate that TNF-α promoter variants that are in linkage disequilibrium with

certain HLA genes are tolerated only in regions of the TNF-α promoter that are functionally

silent.
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Fig. 1. The human TNF-α gene promoter from−977 to +93 nt relative to the TNF-α transcription
start site

The three new polymorphisms detected at −862, −856, and −574 nt; the previously detected

Polymorphisms, marked by an asterisk (*), at −237, −243, −307, and −375 nt; and the +70

polymorphic addition are noted in bold. The more uncommon polymorphic allele is shown

below. The start site of transcription is at +1. Regulatory motifs in the human TNF-α promoter

which have been shown to have a functional role in TNF-α gene regulation (12–16) are

underlined.
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Fig. 2. Testing the functional effect of the−862, −856/+70, −574, −307, and −237 polymorphisms
upon TNF-α gene expression in A20 B cells (A) and Ar-5 T cells (B)

Cells were transfected with the wild type (′977 TNF-α promoter) CAT (WT) and polymorphic

TNF-α promoter CAT plasmids tarrying the variants noted in the figure. Twenty-four hours

later the cells were mock stimulated (Uninduced) or induced with PMA plus ionomycin (P+I)

as descibed in Material and methods. Quantification of the conversion of 14C-chloramphenicol

to its acetylated forms was obtained using a Betagen Betascope (Waltham, MA) and in A and

B three independent transfections were averaged.
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Fig. 3. Testing the functional effect of the−862, −856/+70, −307, and −237 polymorphisms upon
TNF-α gene expression in Raji B cells. An autoradiogram of a CAT assay of Raji cells transfected
with the wild type (−977 TNF-α promoter) CAT (WT) and polymorphic TNF-α promoter CAT
plasmids carrying the variants noted in the figure

Cells were transfected using lipofectamine as described in the methods section Twenty-four

hours later the cells were mock stimulated (UN) or induced with PMA as descibed in Material

and methods. The figure shows a representative experiment. Raji cells were co-transfected with

a CMV-βgal plasmid (a gift from D. Thanos) and, prior to performing CAT assays, extracts

were normalized to β-gal activity.
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