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Abstract
Objectives
To determine the protein expression of TNFAIP3 in synovium and to show the capability of 6g23 intergenic SNPs,
associated with rheumatoid arthritis (RA) susceptibility, to influence TNFAIP3 gene transcription.

Methods
Immunohistochemistry for TNFAIP3, NF-kB p65 and phosphorylated NF-KB p65 protein expression was performed
in 6 RA knee joint synovium samples compared to 9 osteoarthritis (OA) samples.
Luciferase reporter gene assays were used to examine the regulatory ability of RA associated SNP variants on

TNFAIP3 promoter activity. Sense and antisense constructs were prepared for rs6920220 alleles, together with each
of the 4 SNPs in r’=1 with it (rs6933404, rs2327832, rs6927172 and rs17264332), coupled to the TNFAIP3 promoter.
Transient transfections were performed in a human T lymphoblastoid (CEMC7A) cell line. Bioinformatic software was

utilised to prioritise SNPs for further investigation. Electrophoretic mobility shift assays (EMSA), using CEMC7A nuclear
extracts, were conducted for the rs6927172 SNP alleles.

Results
TNFAIP3 protein expression was seen in the synovium samples and differential TNFAIP3 protein expression between RA vs.
OA synoviocytes observed. Within RA synoviocytes TNFAIP3 expression is predominately cytoplasmic, whereas in OA its
expression is strongly nuclear and cytoplasmic.
For 3 of the 5 SNPs investigated (rs6920220, rs6933404, rs6927172) evidence of repressor activity of TNFAIP3
transcription was seen and EMSA data showed evidence of differential transcription factor binding to rs6927172 alleles.

Conclusion
This is the first observation of TNFAIP3 protein expression in RA and OA synovium. In vitro analysis of 6q23 intergenic
SNPs supports the possibility of the functional regulation of TNFAIP3.
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Introduction

Rheumatoid arthritis (RA) is a com-
mon systemic autoimmune inflamma-
tory disease characterised by chronic
inflammation and destruction of syno-
vial joints leading to progressive dis-
ability. The aetiology of RA remains to
be understood, but recent advances in
defining the genetic basis to the condi-
tion have been made post genome wide
association studies (GWAS). Following
the well described genetic associations
with HLA-DRBI and PTPN22 alleles,
the next most strongly associated genet-
ic variant, within UK RA datasets, has
emerged as 1$6920220 (1). This SNP
maps to an intergenic region of 6q23.
A subsequent fine mapping study of the
region revealed that multiple SNPs are
independently associated with RA in
this locus (2). One of them, rs5029937,
is located in TNFAIP3 intron 2, and is
in linkage disequilibrium (LD) with
rs2230926, a non-synonymous variant
also associated with systemic lupus
erythematosus that affects the ability
of TNFAIP3 to inhibit TNF-induced
NF-xB signalling (3). However, the
SNP showing the strongest associa-
tion with RA in our previous fine map-
ping was rs6920220. This SNP is not
in LD with rs2230926, and conditional
logistic regression showed that its ef-
fect is independent of that provided by
the non synonymous SNP. Four SNPs
genotyped by the HapMap consortium
(rs6933404, 1s2327832, 156927127
and rs17264332) have a pairwise r*=1
with rs6920220. All five SNPs map to
a single linkage disequilibrium block
spanning a 60kb region (4), which
lies between the genes OLIG3 and
TNFAIP3 (also known as A20). OLIG3
is important in the development and dif-
ferentiation of neuronal cells, whereas
TNFAIP3 negatively regulates the tran-
scription factor NFxB responses to tu-
mour necrosis factor alpha (TNF-a),
toll-like receptor and NOD?2 signaling
(5). Mice null for TNFAIP3 have multi-
organ inflammation, including inflam-
mation of synovial joints (6), therefore
TNFAIP3 is an attractive candidate RA
susceptibility gene.

One microarray expression study ob-
served TNFAIP3 transcripts in RA
synoviocytes (7). To date, no charac-
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terisation of TNFAIP3 protein has been
described in human synovium. Docu-
menting TNFAIP3 protein expression
and distribution within the main active
site of the disease pathogenesis, the
synovium, would enhance its feasibil-
ity as a key RA candidate locus.
Previous studies have identified func-
tional SNPs that are capable of altering
gene expression or protein degradation,
leading to variations in RA suscepti-
bility and severity (8, 9) therefore it is
possible that rs6920220 and its corre-
lates could modulate TNFAIP3 protein
levels. However, interrogation of data
available from public databases shows
the rs6920220 genotype not to be cor-
related to TNFAIP3 expression in EBV
transformed B cell lines (10), though
this may be due to lack of power. In
order to establish if rs6920220, or one
of the correlated SNPs, could alter
TNFAIP3 expression, luciferase reporter
gene assays in a T lymphoblast cell line
(CEMCT7A) have been performed with
all 5 SNPs to see if they show evidence
of regulating TNFAIP3 transcription.

Materials and methods
Immunohistochemistry

As TNFAIP3 expression is induced by
TNF-a, anti-TNF treatment could in-
fluence the protein levels. Therefore,
we used samples collected pre the anti-
TNF era (pre 1970) to be certain that
anti-TNF drugs had not been used, as
treatment history is not routinely docu-
mented on the synovium sample ar-
chive we have access to.

Tissue samples of histologically con-
firmed RA (n=6, 5 female, 1 male,
mean age 48.7 years, range 21-84) and
OA (n=9, 6 female, 3 male, mean age
38.6 years, range 23-71) cases, as di-
agnosed by a Consultant histopatholo-
gist were available. Paraformaldehyde-
fixed, paraffin-embedded tissue sections
were dewaxed in xylene and rehydrated
through graded alcohols. The sections
were subjected to heat-induced anti-
gen retrieval in citrate buffer solution
(10mM, pH 6.0) and incubated with
3% H,0, to block endogenous peroxi-
dase activity. Non-specific binding sites
were blocked by incubating the sections
with 10% normal goat serum (Abcam)
for 1-2 hours at room temperature.
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Sections were incubated overnight
at 4°C with chicken anti-human-TN-
FAIP3 polyclonal antibody (3.5 ug/mL)
(Abcam), rabbit anti-human-NF-xB
p65 monoclonal antibody (0.3 ug/mL)
and rabbit anti-human-Phospho-NF-xB
p65 (Ser276) polyclonal antibody (0.3
ug/mL) (Cell Signaling Technologies),
respectively. For control sections, the
primary antibodies were omitted or ir-
relevant isotype-matched antibodies
were applied at the same working con-
centration as the corresponding prima-
ry antibody. The secondary antibodies
used were biotinylated anti-rabbit IgG,
made in goat (BA-1000, Vector labora-
tories, Burlingame, CA), for the anti-
NF-xB p65 and anti phospho-NF-xB
p65 primary antibodies and biotinylat-
ed anti-chicken IgG, made in goat (BA-
9010, Vector laboratories, Burlingame,
CA), for the anti-TNFAIP3 primary
antibody. Indirect immunoperoxidase
staining was performed using a Vector
ABC Kit and Vector SG as a chromogen
(Vector laboratories, Burlingame, CA).
Counterstaining was performed using
Nuclear Fast Red (Vector laboratories,
Burlingame, CA).

In order to determine TNFAIP3 syn-
oviocyte expression quantifiable image
analysis was performed using the Leica
Qwin Pro V2.4 software (Leica, Cam-
bridge, UK). For each specimen we
measured protein levels in the synovial
lining by defining an constant region,
63 um thick from the synovial surface,
magnification 600x.

Expression levels were compared be-
tween cases and controls by logistic
regression using STATA ver 9.2 (STAT
corporation, USA).

Construction of reporter gene
plasmids

1Kb DNA sequences encompassing the
SNPs of interest were amplified using
the extensor high fidelity PCR master-
mix (Abgene) with genomic DNA iso-
lated from an individual homozygous at
the given SNP locus and specific prim-
ers containing 5’BamHI sites. Only
one of the SNPs under investigation
was contained within a single the 1Kb
constructs. Products were then BamHI
digested and ligated into BamHI lin-
earised pGL3 SV40 vector (Promega).

Sequencing of transformants was per-
formed to confirm sequence insertion
and orientation, SNP allele and to ex-
clude possible errors. Site directed
mutagenesis was used to alter the SNP
allele (Quikchange site directed muta-
genesis kit (Stratagene)). To change the
promoter driving luciferase expression
in this plasmid, the extensor high fidel-
ity PCR mastermix (Abgene) and spe-
cific primers with HindIII BglII 5° ends
were used to amplify a 405bp product
encompassing the TNFAIP3 promoter
from genomic DNA (11). This product
was then HindIII BglIl digested and
ligated into the HindIII BglII linearised
pGL3 backbone. Sequencing was per-
formed to confirm sequence insertion
and to exclude possible errors. All con-
structs used in transfections were pre-
pared using the Endofree Maxi prep kit
(Qiagen). Primer sequences are avail-
able on request.

Cell culture

CEMCT7A cells (human T lymphoblast)
obtained from ECACC and were cultured
in RPMI1640 (Gibco BRL, Paisley, UK)
10 % FBS, at 37°C in 5% CO,.

Transfections

CEMCT7A cells were transfected as de-
scribed previously (12). Total protein
was assayed by Bradford assay and
used for normalisation of luciferase
values. Cells were harvested 20 hours
later and luciferase and renilla assays
performed using the Dual Luciferase
assay kit (Promega) as per manufac-
turers’ instructions. Experiments were
performed in triplicate, on at least three
separate occasions.

Bioinformatic and Transcription Factor
Binding (TFB) prediction: cross species
sequence homology was determined
using UCSC (http://genome.ucsc.edu/).
AliBaba, Match, and Matinspector
softwares (http://www.gene-regulation.
com/pub/programs.html;  http://www.
genomatix.de/products/MatInspector/)
were used to determine TFB.

Statistical analysis

Analysis of variance (ANOVA) followed
by Dunnett’s Multiple Comparison Test
were performed using GraphPad Prism
4. p<0.05 was considered significant.
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Preparation of nuclear extract
CEMCT7A cells were grown to a densi-
ty of 1x10°cells/ml in 1L of RPMI1640
media in order to gain a sufficient final
amount of nuclear extract. Cells were
harvested and washed twice in PBS.
Nuclear extract was then prepared as
described previously (13) with a minor
modification. Rather than Dounce ho-
mogenisation, cells were disrupted by
passing the cell suspensions through a
23 gauge needle 5 times.

Electrophoretic mobility shift assay
(EMSA)

EMSA was performed using radiolabel-
led double stranded DNA oligonucleo-
tides corresponding to the rs6927172 C
or G alleles. The oligonucleotides used
were:

Forward C allele 5° TGG GGG AAA
TCCAGGTCAACTT3’

Reverse C allele 5’AAG TTG ACC
TGG ATT TCC CCCA 3’

Forward G allele 5’TGG GGG AAA
TGC AGG TCAACTT 3’

Reverse G allele 5’AAG TTG ACC
TGC ATT TCC CCCA 3’

Etsl  5’GGGCTGCTTGAGGAAG-
TATAAGAAT 3’

Mutated Etsl (mt Etsl) 5’GGGCT-
GCTTGAGAGAGTATAAGAAT 3’
Annealed oligonucelotides were end la-
belled with (7-**P) ATP (Amersham) us-
ing T4 polynucleotide kinase (Promega)
and purified using G50 columns (Amer-
sham). Reactions contained 10ul Buffer
C (10mM Tris pH 7.8, 50mM NaCl,
ImM DTT, ImM EDTA 5% glycerol)
2ug BSA, 100ng Poly dI:dC, 0.1ng la-
belled probe and Sug nuclear extract as
indicated in the figure legends. Compe-
tition experiments were performed by
adding 100x or 500x unlabelled oligo-
nucelotide to the reaction mixes prior to
addition of radiolabelled probe as indi-
cated. Reactions were incubated for 1
hour (25°C), loaded onto 5% 0.5x TBE
gel, run at 150V for 3 hours. Gels were
then dried and autoradiographed.

Results

Immunohistochemical analysis of the
expression of TNFAIP3, NF-xB (p65)
and Phospho-NF-kB (phospho-p65)

in synovial tissue.

Expression of TNFAIP3 protein was
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detected in RA (n=6) and OA (n=9)
synovium samples (Fig. 1), with
weaker expression seen consistently
throughout all the RA compared to the
OA samples. Morphological examina-
tion showed positive TNFAIP3 expres-
sion in synoviocytes, lymphocytes,
fibroblasts and muscle cells, and was
especially strong in mast cells.

With regards to synoviocyte expres-
sion, TNFAIP3 localisation was seen
as strongly nuclear, and also cytoplas-
mic in OA patients, but, in contrast,
was predominately cytoplasmic in RA
patients (Fig. 1).

Quantitative analysis of synoviocyte
TNFAIP3 expression in RA patients
compared to OA patients showed lower
levels of TNFAIP3 in RA cases (mean
normalised expression 0.23+0.15) com-
pared to OA patients (mean normalised
expression 0.34+0.17), however, this
skewing did not reach statistical sig-
nificance.

Expression of NFkB (p65) and its acti-
vated form phospho-p65 (Ser276) was
determined. Expression of both was
evident in RA and OA patients, being
greater in those with RA, as previ-
ously described (14, 15). The RA cases

(n=6) had significantly more expres-
sion of p65 and phospho-p65 (Ser276)
than the OA group (n=9) (mean nor-
malised expression 0.15+£0.13 in RA
cases vs. 0.04+0.04 in controls for p65
(p=0.05) and 0.30+0.18 in RA cases vs.
0.11£0.09 in controls for phospho-p65

(p=0.04)).

6923 SNPs and regulation of

TNFAIP3 transcription in

CEMC7A cells

For each of the 5 SNPs under investiga-
tion 1kb sequences, with the allele vari-
ants at the centre, were cloned into the
luciferase reporter gene construct pGL3,
in both the sense and antisense direc-
tion, with reporter gene activity initi-
ated from the TNFAIP3 promoter. Con-
structs were transfected into CEMC7A
T lymphoblast cells. Figure 2 shows the
results of the 5 SNPs tested. Three of
the constructs (rs6920220, rs6933404,
r$6927172) show orientation independ-
ent repression of TNFAIP3 transcription
(Fig. 2a). rs2327832 and rs17264332
do not regulate TNFAIP3 (Fig. 2b).
Bioinformatic analysis revealed the
rs6927172 SNP, and its immediate
flanking region, to show evidence of

sequence conservation across mam-
malian species. This was in contrast to
the other 4 SNPS (and flanking regions)
which demonstrated no sequence con-
servation at all. We therefore shortened
the 1s6927172 insert in the TNFAIP3
constructs from 1Kb to 70bp, in order
to confirm that the regulatory capacity
of this sequence is centred around the
SNP region. This shortened sequence is
still able to inhibit TNFAIP3 promoter
activity in CEMCT7A cells in both orien-
tations (Fig. 2c). However, we still did
not observe any allele specific varia-
tion in the luciferase reporter gene data.
Therefore, we next attempted to accu-
rately predict TFB to each of the SNP
allele variants as a way of demonstrat-
ing the possibility of differential allelic
function of this SNP. TFB profiling was
undertaken with three different predic-
tion programs for the 5 SNPs under in-
vestigation. The only consistent result
was observed with the rs6927172 SNP,
where there was loss of a predicted Ets-
1 site with the G allele variant of the
SNP across two of the programmes.

We looked at the ability of the alleles
of 1s6927172 to bind complexes in vitro
using EMSA. CEMCT7A nuclear extract
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Fig. 2. Luciferase reporter gene assays for TNFAIP3. CEMCTA cells were transfected with the re-
porter gene constructs as indicated. Cells were harvested 20 hours later. Lysates were prepared, and
luciferase content analysed. Luciferase values were normalised to total protein and the data presented
graphically. Graph depicts mean+SD of triplicate wells, representative of 3 independent experiments.

* p<0.01, ¥p<0.001, ¥¥p<0.0001.
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Fig. 3. EMSA analysis shows differential transcription factor binding to rs6927172 alleles; lack of
evidence for Ets1 binding. Nuclear extracts (NE) prepared from CEMC7A cells were incubated with
radiolabelled oligonucleotides encompassing the rs6927172 C and G alleles and complexes were re-
solved by native gel electrophoresis. (a) The grey and black arrows indicate the C and G specific
complexes, respectively. Competition experiments were performed by the addition of 100x unlabelled
oligonucleotide as indicated (b and ¢). The C allele specific complex is indicated by the grey arrow.
Gels are representative of 3 independent experiments.

was incubated with radiolabelled oligo-
nucleotides corresponding to each of
the rs6927172 SNP alleles, and the re-
sulting complexes were resolved by na-

tive PAGE. As shown in Figure 3a, both
alleles were capable of forming com-
plexes. In order to determine whether
these complexes are binding the allele
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variants in a sequence specific manner,
competitions were performed by the ad-
dition of excess unlabelled oligonucleo-
tide. This indicates that the sequence
binding the C allele variant is distinct
from that binding the G allele variant,
since no competition is observed when
excess unlabelled G allele oligonucleo-
tide is added (Fig. 3b). Incubation with
Ets1 consensus oligonucleotide causes
an apparent reduction in complex bind-
ing to the C allele however, this is not
sequence specific as mutated Etsl has
the same effect (Fig. 3c).

Discussion

GWAS have resulted in several tens of
new SNPs being found to be associated
with complex diseases (16). In UK RA
datasets, the strongest novel SNP as-
sociation is with the rs6920220, which
is intergenic on 6q23. Mechanistic ad-
vancement of aetiopathogenesis of RA
could arise through understanding the
functional affects of any given SNP as-
sociation. This, however, is a difficult
undertaking, especially when the SNP
is not within a gene. Evidence from
animal models proposes TNFAIP3 as a
plausible candidate gene of importance
in RA susceptibility. TNFAIP3 is a dual
ubiquitin-editing enzyme, whose ex-
pression is induced by a large number
of stimuli in a wide variety of cells. It
is mainly involved in the negative feed-
back regulation of NF-xB, but it has
been shown to have other functions,
such as anti-apoptotic activity (5, 17).
This is the first study showing TNFAIP3
protein expression in human synovium.
Interestingly, TNFAIP3 expression was
observed in several cell types that play
important roles in the pathophysiol-
ogy of RA, such as synoviocytes, lym-
phocytes and fibroblasts. The strong
positive reaction found in mast cells
should be considered with caution,
since antibody binding has been shown
to be influenced by ionic interaction
with secretory granules in this cell type
(18). We found lower TNFAIP3 ex-
pression levels between RA compared
to OA, although this difference was not
statistically significant, possibly due to
small sample size. The protein showed
a distinctly different pattern of localisa-
tion in RA and OA. In OA the synovio-
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cytes showed both heavy nuclear and
cytoplasmic expression of TNFAIP3,
whereas, on the contrary, it was ex-
pressed predominantly in cytoplasm in
RA. We have used formalin-fixed wax-
embedded tissue for this histological
evaluation. It was not therefore pos-
sible to extract any protein from these
sections for further quantitative analy-
sis. TNFAIP3 is generally considered a
cytoplasmic protein. Nevertheless, it is
a putative DNA-binding protein (Uni-
ProtKB/Swiss-Prot accession number
P21580; http://www.uniprot.org), and
it has been detected in the nucleus of an
endothelial cell line (19). In view of the
results from our immunohistochemis-
try study, it is tempting to hypothesise
that this protein could be involved in
the control of inflammation at the nu-
clear level in synoviocytes, and that
this regulation could be impaired in RA
due to reduced nuclear expression. The
protein’s subcellular localisation could
be altered by as yet unidentified genetic
polymorphisms in the TNFAIP3 gene,
which might be in LD with some of
the previously identified RA associated
SNPs. In this regard, a recent study has
shown that mutations located in the
zinc finger domains are able to disrupt
the localisation of TNFAIP3 to an endo-
cytic membrane compartment in HeLa
cells, which results in reduced NF-xB
inhibitory activity (20). Ongoing rese-
quencing studies will help to identify
new potentially functional variants in
the TNFAIP3 region.

We studied r$6920220 and its perfect
proxies using transient transfections
in a human T lymphoblast cell line.
Sequences containing 3 of the 5 SNPs
studied significantly repressed TNFAIP3
expression. In vivo, such repression of
TNFAIP3 transcription would limit
the negative regulation of NF-«xB, re-
sulting in enhanced pro-inflammatory
cytokine expression, as occurs in RA.
No statistically significant allele spe-
cific differences were seen. This was
the same regardless of induction with
TNF-o. (data not shown). This may
be due to the lack of sensitivity of the
reporter assay to identify small differ-
ences in SNP allele variation. Follow-
ing bioinformatic and transcription
factor binding analysis we prioritised

investigation of the rs6927172 SNP.
The repression of TNFAIP3, independ-
ent of orientation, remained even once
the sequence was reduced from 1Kb to
a 70bp, with the SNP at the centre. Ad-
ditional support for the rs6927172 alle-
les being functionally different comes
from our EMSA findings. Sequence
specific complexes differentially bind-
ing to the C and to the G allele were
consistently observed in nuclear ex-
tracts from CEMCT7A cells. We do not,
however, find evidence for an Ets1 spe-
cific binding site at the C allele, as pre-
dicted in silico. The future evaluation
of the transcription factors binding to
these alleles may help to elucidate their
functional role in the potential regula-
tion of TNFAIP3 gene transcription.
Most recently SNP data has been re-
leased from the sequencing of a 1000
genomes  (http://www.1000genomes.
org/page.php). This has identified
two further SNPs, rs62432712 and
1$928722, as r’=1 with rs6920220. Both
these SNPs are in the same intergenic
LD block as the other perfect proxies.
The sequence flanking these SNPs is
not conserved across species and the
allele variants to not alter known TFB
sites, suggesting a low priority for any
functional evaluation.

In conclusion, we provide evidence
for the protein expression of TNFAIP3
within synovium and show its cellular
distribution to differ between RA and
OA. This further supports the role of
altered TNFAIP3 in RA aetiopathogen-
esis. We also provide in vitro evidence
of altered TNFAIP3 transcription by
6923 intergenic SNPs associated with
RA. Further functional characterisation
of the SNPs, in particular rs6927172,
may provide mechanistic insight into
TNFAIP3 gene regulation.
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