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ABSTRACT

The genetic factors underlying the pathogenesis of lupus nephritis associated with systemic lupus
erythematosus are largely unknown, although animal studies indicate that nuclear factor (NF)-«B is involved.
We reported previously that a knockin mouse expressing an inactive form of ABIN1 (ABIN1[D485N]) develops
lupus-like autoimmune disease and demonstrates enhanced activation of NF-xB and mitogen-activated
protein kinases in immune cells after toll-like receptor stimulation. In the current study, we show that
ABIN1[D485N] mice develop progressive GN similar to class Il and IV lupus nephritis in humans. To investi-
gate the clinical relevance of ABIN1 dysfunction, we genotyped five single-nucleotide polymorphisms in the
gene encoding ABIN1, TNIP1, in samples from European-American, African American, Asian, Gullah, and
Hispanic participants in the Large Lupus Association Study 2. Comparing cases of systemic lupus erythema-
tosus with nephritis and cases of systemic lupus erythematosus without nephritis revealed strong associations
with lupus nephritis at rs7708392 in European Americans and rs4958881 in African Americans. Comparing
cases of systemic lupus erythematosus with nephritis and healthy controls revealed a stronger association at
rs7708392 in European Americans but not at rs4958881 in African Americans. Our data suggest that variantsin
the TNIP1gene are associated with the risk for lupus nephritis and could be mechanistically involved in disease
development via aberrant regulation of NF-xB and mitogen-activated protein kinase activity.
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Systemic lupus erythematosus (SLE) is a multisys-
tem autoimmune disease characterized by an ab-
normal immune response leading to autoantibody
production, immune complex formation, T cell
activation, and inflammatory cytokine release.!
Multiple factors contribute to the immune re-
sponse in SLE, including genetic, epigenetic, im-  published online ahead of print. Publication date available at
munoregulatory, environmental, and hormonal = www.jasn.org.

factors.! Lupus nephritis (LN) occurs in about Correspondence: Dr. David W. Powell, 570 South Preston
50% of patients with SLE and is a major cause of  Street, Baxter Research Building I, Room 204E, Louisville, KY

genetic factors play an important role in the path-
ogenesis. Patients with African ancestry are at
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morbidity and mortality.? The incidence of LN var-
ies among different ethnic groups, suggesting that
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increased risk for LN.3 Immunosuppressive treatment is
effective in only about 50% of patients with LN,* and that
therapy is associated with undesirable short- and long-term
adverse effects. Thus, identifying the molecular mechanisms
responsible for the pathogenesis of LN is necessary to define
more specific diagnostic and therapeutic targets. However, the
complex interactions of genetic risks, environmental factors,
and molecular events that contribute to the development of
LN are only beginning to be defined.

The transcription factor nuclear factor-«B (NF-«B) regu-
lates the expression of hundreds of genes that control cell pro-
liferation and survival, the cellular stress response, innate
immunity, and inflammation. Dysregulation of NF-«B activ-
ity is associated with many human diseases, especially those
involving chronic inflammation, and recent studies suggest
that NF-«kB plays a role in the incidence and severity of LN
as well.>? Immunohistochemistry-based studies have shown
enhanced glomerular and tubular expression of NF-«B, NF-
kB regulatory proteins, and NF-«kB target proinflammatory
cytokines in renal biopsy specimens from patients with LN
compared with normal controls and patients with minimal-
change disease.®* Another report found that pharmacologic in-
hibition of NF-«B reduced the development of autoantibodies
and renal impairment in SLE-susceptible FcryRIIb-deficient
mice.> Treatment of spontaneous SLE—developing SWRxNZB
mice with a flavonoid, apigenin, inhibited NF-kB-mediated
events in T cells and suppressed serum IgG levels, resulting in
delayed appearance of nephritis.®

NF-kB is activated by a variety of immune, inflammatory,
and stress stimuli through cytokine and toll-like receptors
(TLRs) and regulated through a complex interplay of proteins
(recently reviewed).10 In resting cells, NF-kB is sequestered in
the cytoplasm in an inactive state by binding to inhibitor of kB
(IkB) proteins.!1-12 Following activation, the I«B is phosphor-
ylated, polyubiquitinated through Lys48 linkages, and then
degraded by the proteasome. This releases an active NF-kB
complex to translocate to the nucleus and drive target gene
expression. In the canonical NF-«B pathway, phosphorylation
of IkB is mediated by the I«B kinase (IKK) complex, which
consists of a, B, and y subunits.!3 IKK'y is the regulatory sub-
unit also referred to as NF-«B essential modulator (NEMO).
Activation of IKK is mediated by TGF-B-activated kinase 1
(TAK1), and recruitment of TAK1 to IKK is regulated by an in-
tegral complex of proteins that is assembled through protein-
protein interactions to lysine 63-linked polyubiquitin chains.!
NEMO binding to head-to-tail linked linear polyubiquitin chains
or the linear ubiquitin assembly complex also activates the
canonical NF-kB pathway.!>-17

The ubiquitin-editing protein, A20, and ubiquitin-binding
protein, A20 binding inhibitor of NF-«kB 1 (ABIN1) have im-
portant inhibitory roles in NF-«B signaling.'®1% ABIN1 binds
to lysine 63-linked and linear polyubiquitin chains and con-
tains the same ubiquitin-binding domain as NEMO that facil-
itates binding to other regulatory proteins, such as TRAF2/6,
RIP1, and IRAK1.16:20-22 Tt is not clear how ABIN1 inhibits
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NF-«B activity, but two possible mechanisms have been pro-
posed. One is that ABIN1 binding competes with NEMO
binding to proteins required for activation of IKK, and the
second is that ABIN1 recruits A20 to the IKK regulatory com-
plex,?*> where A20 disrupts the interactions needed for IKK
activation by removing lysine 63- or linear polyubiquitin moi-
eties from regulatory proteins.?4 A20 has also been reported to
mediate proteasomal degradation of ubiquitin processing pro-
teins that mediate IKK activation.?>

We previously reported that ABIN1[D485N] transgenic
mice with disrupted ABIN1 lysine 63 and linear polyubiquitin
binding have enhanced NF-kB and mitogen-activated protein
kinase (MAPK) signaling in B cells, bone marrow—derived
macrophages, and dendritic cells after stimulation with TLR
agonists and developed an SLE-like autoimmune disease with
enlarged spleens and lymph nodes and autoantibodies in the
serum.2® Crossing ABIN1[D485N] mice with mice deficient
for the TLR/IL-1R adaptor protein MyD88 suppressed the
autoimmunity, indicating that a function for ABINT1 in auto-
immunity is TLR/IL-1R-dependent. In the present study, we
show that ABIN1[D485N] mice develop diffuse proliferative
GN similar to class III and IV human LN. We also found that
two SNPs in TNIPI, the gene encoding human ABIN1, have a
strong association with LN. Our data suggest that variants in
the TNIPI gene could be mechanistically involved in LN via
disrupted regulation of NF-«B and MAPK activity.

RESULTS

Renal Pathophysiology of ABIN1[D485N] Knockin Mice
We reported previously that ABIN1[D485N] mice develop
lupus-like autoimmunity.2¢ The aim of the present study was
to completely characterize the renal abnormalities in these
mice. Table 1 presents the evaluation of the histologic grading
of glomerular changes in wild-type (WT) and ABIN1[D485N]
mice at 3—4 months and 5-6 months of age. The scoring sys-
tem used for histologic grading is described in the Concise
Methods. Glomerular size, mesangial and endocapillary pro-
liferation, and mesangial expansion in ABIN1[D485N] mice
were all significantly increased by 3—4 months. By 5-6 months
ABIN1[D485N] mice demonstrated a significantly progres-
sive increase in glomerular size, endocapillary proliferation,
and mesangial expansion compared with 3- to 4-month-old
ABIN[D485N] mice (Figure 1A). All mice at 3—4 months of
age demonstrated glomerular hypercellularity, with 50%
showing severe (3+) changes. Hypercellularity was focal in
two mice and diffuse in nine. At 5-6 months all mice showed
diffuse hypercellularity, and all but one were graded severe (3+).
An increase in mesangial matrix was seen in 8 of 11 mice at 3—4
months but was only mildly increased in 3 of those 8 mice. At
5—-6 months, all but one mouse demonstrated a moderate to
severe increase in mesangial matrix. Crescents were observed in
only two mice at 5-6 months, and glomerular sclerosis was
seen in four mice.
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Figure 1. ABIN1[D485N] knockin mice develop progressive GN. (A and B) Graphical
representations of the data in Table 1 showing that ABIN1[D485N] mice develop
progressive glomerular and interstitial injury compared with WT mice. (C) Urine al-
bumin-to-creatinine ratio of 3- to 4-month-old and 5- to 6-month-old ABIN1[D485N]
and WT mice (total n=82). (D) Serum complement factor 3 (C3) levels for the same
groups. All P values were calculated using the Mann-Whitney rank-order test.

subendothelial (long, small arrow) and mesangial (large arrow)
electron-dense deposits and focal foot process effacement
(short, small arrow).

Figure 4 shows immunofluorescence images of 5- to 6-month-
old ABIN1[D485N] kidneys demonstrating IgG, IgA, IgM, C3,
and Clq deposition along capillary loops and in the mesangium.
Immunofluorescence from 3- to 4-month-old ABIN1[D485N]
mouse kidneys showed mild deposition of immunoglobulin and
complement within the mesangium (not shown).

Our results show that loss of ABIN1 function in NF-«kB ac-
tivity is associated with the development of proteinuria and pro-
liferative GN with features typical of class Il and IV human LN.
Those changes become progressively worse between 3 and 6
months, at which time they are associated with low serum C3
levels. It should also be noted that there were no significant
differences for any of the observed phenotypes between male
and female ABIN1[D485N] mice. From our animal data, we
postulated that genetic alterations in ABIN1 leading to dysregu-
lation of NF-«B and MAPK activation could be involved in the
development of LN. This hypothesis led us to evaluate single
nucleotide polymorphisms (SNPs) in the gene for ABINI,
TNIP1, in patients who have SLE with and without LN.

1746 Journal of the American Society of Nephrology

quality control assessment, we studied
15,864 individuals consisting of 3089 SLE
cases with LN, 4308 SLE cases without
LN, 1097 SLE cases with unknown LN sta-
tus, and 7492 healthy controls (Materials
and Methods; Table 2). To evaluate evidence
for genetic association, we performed single-
marker logistic regression analysis adjusting
for sex and global ancestry estimates (Mate-
rials and Methods). Comparing SLE cases
with LN to SLE cases without LN (case/
case analysis) showed strong associations
surpassing the Bonferroni-corrected signifi-
cant threshold of P<<0.01 at rs7708392 in
persons of European ancestry (odds ratio
[OR], 1.22; P=3.66X10"*) and rs4958881
in African Americans (P=8.47X10" 3,
OR = 1.22) (Table 3). Both of these variants
are in noncoding regions of TNIP1.3132 No
SNPs reached the Bonferroni-corrected sig-
nificant threshold in other populations,
which concurs with published data using lu-
pus as the phenotype.3? Analysis of SLE cases
with LN versus healthy controls confirmed
the validity of our case-only analysis (rs7708392 in persons of
European ancestry: OR, 1.44 [P=1.82X10""]; rs4958881 in Af-
rican Americans: OR, 1.20 [P=4.43X10>]). Overall, our results
indicate that polymorphisms in the region of TNIPI are asso-
ciated with LN in persons of European ancestry and African
Americans.

DISCUSSION

In this report, we show that a knockin mouse expressing an
ABIN1 mutant, ABIN1[D485N], with impaired negative
regulation of NF-«B developed progressive, proliferative GN
with histologic features of class Il and IV human LN, and two
SNPs of the ABIN1 gene, TNIPI, are significantly associated
with human LN. A role for NF-«B in the incidence and sever-
ity of LN was suggested previously by the correlation of en-
hanced NF-«B protein expression in disease kidney sections or
reduction of disease phenotypes in animal models after ad-
ministration of compounds that inhibit NF-«B signaling.>— Al-
though the mechanisms regulating those effects of NF-«B on
LN have not been determined, our data provide a potential
mechanism for NF-«B dysregulation in some patients with LN.

J Am Soc Nephrol 24: 1743-1754, 2013
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the UBAN renders ABIN1 incapable of
binding recombinant Lys63 polyubiquitin
chains and polyubiquitinated NF-«B acti-
vators from cell lysates.!>26:36-38 We previ-
ously reported that ABINI1[D485N]
knockin mice have enhanced NF-«B signal-
ing in B cells and bone marrow—derived

‘)
ot macrophages and developed an SLE-like
autoimmune disease, with enlarged spleens

and lymph nodes, elevated levels of patho-

T F

genic immunoglobulins, and antinuclear
antibodies in the serum as early as 4 months
of age.26 The present report shows that mice
develop proteinuria by 3—4 months of age,
hypocomplementemia by 5-6 months, and
renal histologic abnormalities (including
focal and diffuse glomerular hypercellular-
ity involving both endocapillary and me-
sangial cells, increased mesangial matrix
accumulation, “wire loop” thickening of
glomerular capillary walls, immunoglobu-
lin [IgG, IgA, and IgM] and complement
deposition in a mesangial and capillary
loop pattern, and mesangial and subendo-
thelial electron dense deposits by electron
microscopy). Those findings suggest that
ABIN1[D485N] knockin mice provide a
model of human SLE, including the devel-
opment of class III/IV LN. Our model in-
dicates that SLE and LN can be initiated by
disruption of ABIN1 NF-«B inhibitory

Figure 2. ABIN1[D485N] mouse kidneys display pathologic features of proliferative
immune-mediated GN. (A) 100X magnification of a periodic acid-Schiff (PAS)-stained
kidney section from a 3- to 4-month-old WT mouse. (B) Comparative 100X PAS image
shows that at 3—4 months, the ABIN1[D485N] mouse kidneys display mesangial hy-
percellularity, matrix expansion, and capillary loop thickening compared with WT
mouse kidneys. (C) 100X magnification of PAS-stained kidney section from a 5- to 6-
month-old WT mouse. (D) Comparative 100X PAS image shows that at 5-6 months
the ABINT[D485N] mouse kidneys display severe mesangial hypercellularity, matrix
expansion, and “wire loops” (arrow) compared with WT mouse kidneys. (E) 40X
magnification PAS image showing examples of glomerular injury and extensive in-
terstitial immune cell infiltration (arrow) observed in 5- to 6-month-old ABIN1[D485N]
mouse kidneys. (F) 40X magnification of Masson trichrome staining showing examples
of tubulointerstitial fibrosis, glomerular fibrosis, and crescent formation (arrow) and
immune cell infiltration (lower right corner) in 5- to 6-month-old ABIN1[D485N] mouse

function, at least in part, in B cells. Another
recent report showed that ABIN1-deficient
mice develop progressive lupus-like auto-
immune phenotypes and GN.3° In addition
to NF-kB activation, we also showed in a
previous report that JNK and p38 MAPK
signaling was enhanced after stimulation
with TLR agonists in B cells, bone mar-
row—derived macrophages, and dendritic
cells isolated from ABIN1[D485N] mice.2¢
A role for enhanced MAPK signaling in the
development of GN has been suggested in

kidneys.

K63 and linear polyubiquitin conjugation mediates several
protein-protein interactions required for activation of the IKK
complex and hence NF-kB transcription.20-33-35 ABIN1
contain a polyubiquitin binding domain that is also present
in NEMO, termed UBAN (Ubiquitin-Binding domain in
ABIN proteins and NEMO).3¢ The UBAN in ABIN1
contains a highly conserved 472-480 amino acid region in
humans and 485-495 in mice.3¢ The Asp-to-Asn mutation
at this conserved residue 485 (mouse) or 472 (human) of

J Am Soc Nephrol 24: 1743-1754, 2013

several reports.40-44 Stambe et al. showed

enhanced active p-p38 MAPK in glomerul,

tubules, and myofibroblast and infiltrated
neutrophils and macrophage in kidney biopsy specimens
from patients with different types of proliferative GN, includ-
ing class ITI/TV LN, and found that elevated p-p38 MAPK cor-
related with renal dysfunction and histopathology.#! The same
group showed in a separate study that administration of a spe-
cific p38 MAPK inhibitor prevented renal injury and renal
function loss from anti-glomerular basement membrane
(GBM)-induced GN in rats.#? Another report showed that
proteinuria and glomerular cell proliferation induced by

ABIN1 Function in Lupus Nephritis 1747
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Figure 3. ABIN1[D485N] mouse glomeruli display mesangial and subendothelial
deposits. (A) TEM image of WT mouse kidney (large arrow, erythrocyte; small arrow,
endothelial cell). (B) Minimal mesangial expansion and immune deposits (small arrows)
in a TEM image of a 4-month-old ABIN1[D485N] mouse kidney. Podocyte foot pro-
cesses are intact. The large arrow points out a monocyte in a capillary. (C) Extensive
mesangial expansion and immune deposits (small arrows) in a TEM image of a 6-month-
old ABIN1[D485N] mouse kidney. The large arrow points out a monocyte in a capillary.
(D) Example of subendothelial immune deposits (long small arrow), areas of podocyte
effacement (short small arrow), and mesangial deposits (large arrow) in a 6-month-old

ABIN1[D485N] mouse kidney.

anti-GBM was dependent on JNK activity in bone marrow
macrophages.* Taken together, the present study and the pre-
vious reports support the hypothesis that loss of ABIN1 K63
and linear polyubiquitin binding leading to increased NF-xB
and MAPK activity participates in the development of SLE and
LN.

Variants in the ABIN1 gene TNIPI have been reported in
patients with SLE, suggesting a role for ABIN1 in human au-
toimmune disease.30-314> Gateva et al. showed an association
for a TNIPI variant (rs7708392) in European-ancestry pa-
tients with SLE from the United States and Sweden.3! Han
et al. also reported a TNIP1 variant (rs10036748) in a Chinese
Han SLE population.#> This SNP also showed significant as-
sociation with European population, and the frequency (77%)
was much higher in the European population than in the Chi-
nese population (26%).45 The associations of those TNIPI
variants were also replicated in Japanese (rs7708392) and Chi-
nese Han (rs10036748) populations.*>47 There was a stronger
association for rs7708392 with LN in the Japanese popula-
tion.#¢ A replicate study of rs7708392 and rs10036748 in a
southwest Chinese SLE population found a weak association,
but as for the Japanese population, a significant association for

1748 Journal of the American Society of Nephrology

rs7708392 with LN in their SLE population
was apparent.*® Consistent with those pre-
vious reports, the current study found as-
sociation (OR, 1.22; P=3.66X10"%) for
rs7708392 when United States patients of
European ancestry with SLE and LN versus
those without LN, but this association was
not significant in African, Asian, or His-
panic American cohorts. The discord for
the finding in our Asian cohort and the
reported finding in southwest Chinese
and Japanese populations with regards to
LN association may be explained by the
composition of our Asian population of
1012 total patients, which was 90% Korean.
The present report also identified association
for another TNIPI variant (rs4958881) (OR,
1.22; P=8.47X10"°) in African American
patients with SLE and LN versus those with-
out LN. rs4958881 was previously reported
to be associated with systemic sclerosis, but
not SLE.3? Additionally, ABIN1 expression
was decreased in systemic sclerosis skin le-
sions and in dermal fibroblasts from patients
with systemic sclerosis compared with con-
trols, and transgenic expression of ABIN1
abrogated matrix protein expression in-
duced by inflammatory cytokines in fibro-
blast from patients with systemic sclerosis.>?
This suggests that the rs4958881 variant
could result in lower renal expression of
ABIN1in LN, leading to increased mesangial
cell matrix production typically seen in class
IIT and IV LN in humans*® and found in the ABIN1[D485N]
knockin mice.

In summary, our data suggest that mutations in ABIN1
represent a new genetic basis for LN through the novel
pathophysiologic mechanism of aberrant regulation of NF-
kB and MAPK activity (Figure 5). This is supported by
knockin mice expressing a mutation of ABIN1 with loss of
NF-kB and MAPK inhibitory function and a strong associa-
tion of a novel TNIPI polymorphism and LN in an SLE patient
population with a higher incidence of LN. Our findings sup-
port an association between polymorphisms in TNIPI and the
development of LN. This mouse model closely replicates the
human disease and, therefore, potentially serves as an effective
tool to study diagnostic and therapeutic strategies for LN.

CONCISE METHODS

Animals
The ABIN1[D485N] mice were generated on a 129SvJxC57BL/6

background?® and then backcrossed eight generations to C57BL/6
for the present studies. Heterozygous mice were used to generate

J Am Soc Nephrol 24: 1743-1754, 2013



Figure 4. Deposits in ABIN1[D485N] glomeruli contain comple-
ment factors and immunoglobulins. The panels show examples of
the immunofluorescence staining that was observed for the dif-
ferent labeled complement factors and immunoglobulin subtypes
in kidneys from 5- to 6-month-old ABIN1[D485N] mice. No sig-
nificant immunofluorescence was observed for same-age WT
mice.

ABIN1[D485N] homozygous and littermate WT control mice for all
the experiments. All animals were maintained in specific pathogen-
free conditions consistent with European Union and United King-
dom regulations. All work was performed under a United Kingdom
Home Office project license that was awarded after recommendation
by the University of Dundee Ethical Review Committee.

Renal Histology
Kidneys were examined by light microscopy, direct immunofluores-

cence, and electron microscopy. For light microscopy kidneys were
fixed in 10% neutral buffered formalin and embedded in paraffin; 4-
micron sections were stained with periodic acid-Schiff reagent,
hematoxylin and eosin, or Masson trichrome. Glomerular, interstitial,
and tubular pathology was assessed by evaluation of a complete cross-
section of an entire kidney in a blinded manner. Glomerular damage
was assessed by semiquantitative scoring of size, cellularity, mesangial
matrix expansion, crescent formation, and sclerosis on a 0 (normal),
1+ (mild abnormality), 2+ (moderate abnormality), and 3+ (severe
abnormality) scale. The semiquantitative scoring of interstitial
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inflammatory cell infiltration, interstitial fibrosis, and tubular atrophy
was based on the percentage of interstitium area affected: 0, normal;
1+, <25% of interstitial cross-section affected; 2+, 25%—-50% of in-
terstitium affected; 3+, >50% of interstitium affected in a single
cross-section of an entire kidney. An activity index was calculated
as the sum of individual scores for glomerular size, glomerular hyper-
cellularity, cellular crescents, mesangial expansion, and interstitial
inflammation. We also determined whether the lesions were focal
(involving <50% of the glomeruli) or diffuse (involving >50% of
the glomeruli).

For immunofluorescence, 4-micron frozen sections were first
washed in PBS, 3X5 minutes each. The blocking solution was applied
for 30 minutes at room temperature. The primary antibody was then
added for 2 hours at room temperature. The sections were washed for
5 minutes in PBS three times. FITC primary antibody (C3, Cedar
Lanes Laboratory; IgG, Sigma Aldrich; C1q, Hycult Biotech) or un-
labeled primary antibody (IgA, Invitrogen; IgM, Invitrogen) followed
by florescent secondary antibody (Alexa Flour 555, Invitrogen) were
used. After antibody incubation, slides were washed in PBS 3X5
minutes and then viewed and imaged with confocal microscopy.

For electron microscopy, cortical tissue was minced to 1 mm? and
fixed in 3% glutaraldehyde. They were postfixed in 1% OsO, for 60
minutes and dehydrated through graded alcohols and propylene ox-
ide. Fixed tissue blocks were embedded in eponate resin. Thick
(1-pm) sections were prepared to evaluate the orientation and presence
of glomeruli. Thin sections were mounted on 200 mesh naked copper
grids and stained with lead citrate and uranyl acetate (4% in absolute
alcohol).

Urine Albumin and Creatinine Measurement
Urine was collected from WTand ABIN1[D485N ] mice at 3—4 and 5-6

months of age using a simple technique outlined by Kurien and
Scofield.”® Samples were centrifuged at 15,000¢ for 3 minutes at 4°C
to pellet and remove any cellular debris. Urine albumin was deter-
mined using the Mouse Albumin ELISA Quantification Set from Bethyl
Laboratories (#E90-134, Montgomery, TX) per the manufacturer’s
guidelines. Urine creatinine measurements were obtained using the
QuantiChrom Creatinine Assay Kit from BioAssay Systems (#DICT-
500, Hayward, CA), which uses the well characterized Jaffe method.

Serum C3 Measurement
Serum was collected from ABIN1[D485N] and WT mice at ages 3—4

months and 5-6 months. C3 measurements were performed using a
1:25,000 dilution of mouse serum and measurement with the Mouse

Table 2. Sample summary following quality control adjustments

Population Samples Healthy SLE Cases SLE Cases SLE Cases with Men Women
P (n) Controls (n) with LN (n) without LN (n) Unknown LN Status (n) (n) (n)

European American 7427 3491 1129 2161 646 1495 5932
African American 3338 1811 709 704 234 695 2643
Asian 2525 1260 529 610 126 253 2272
Gullah 275 123 70 79 3 33 242
Hispanic 2299 807 652 754 88 207 2092
Total 15,864 7492 3089 4308 1097 2683 13,181
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Table 3. Association results comparing SLE cases with LN versus SLE cases without LN in humans with particular polymorphisms in the TNIPT gene
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PMinor allele frequency

“The odds ratio was calculated with respect to the minor allele.

C3 ELISA Kit from GenWay Biotech (#40-374—130047) per the man-
ufacturer’s guidelines. All samples were tested in duplicate and the
average was reported.

SNP Analysis

Participants
A total 0of 16,999 independent case and control samples were collected

from multiple sites as part of the Large Lupus Association Study 2, with
institutional review board approval from each institution, and
processed at the Oklahoma Medical Research Foundation (OMRF)
under the auspices of the OMREF institutional review board. Only
individuals who signed informed consent forms were included in the
study. All SLE cases met the revised 1997 American College of
Rheumatology for classification of SLE.>! Among SLE cases, those
with LN fulfilled the renal criterion of (1) persistent proteinuria >0.5 g
per day (24 hours) or persistent >3+ if quantification was not per-
formed or (2) presence of urinary cellular casts.>! For additional in-
formation on the study participants, see the Supplemental Material.

Genotyping and Quality Control

The custom-design Illumina iSelect platform at OMRF was used to
genotype the five SNPs in TNIPI previously reported to be associated
with systemic sclerosis (rs4958881, rs2233287),32 SLE (rs7708392),3!
psoriasis (rs999556, rs17728338),°253 and psoriatic arthritis
(rs17728338, one of the psoriasis SNPs).>* In addition, 347 ances-
tral-informative markers spanning the genome were genotyped. Af-
ter application of quality controls by excluding samples that exhibited
low call rates (<90%) and extreme heterozygosity (>5 SDs from the
mean), revealed discrepancies between reported sex and genetic data,
or were determined to be a duplicate or cryptic related to another
sample (the proportion of alleles shared identical by descent >0.4),
and after removing extreme population outliers based on global an-
cestry estimation and principal component analysis (calculated us-
ing the ancestral-informative markers in the ADMIXMAP>>5¢ and
EIGENSTRAT>? programs, respectively), as described in other Large
Lupus Association Study 2 reports,>®> a final data set of 15,864 un-
related patients was obtained (Table 2).

Association Analysis
Single-marker association analyses were calculated using the logistic

regression function in PLINK, version 1.07.%° The additive genetic
model was applied while adjusting for sex and global ancestry esti-
mates (African, European, and East Asian).>®¢1:62 The Bonferroni-
corrected P value threshold was set to P<<0.01 based on multiple tests
of five SNPs.
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and mitogen-activated protein kinase activity. Proinflammatory gene activation is mediated by NF-«B, c-JUN, and ATF2 through TLRs
and IL-1R by activation of the upstream IKK complex or MAPK kinase (MKK) activation of JNK or p38 MAPK. IKK and MKKs are ac-
tivated by an inflammatory activating complex consisting of IRAKs, TRAFs, RIPs, and TAK1, among others. ABINT binds to Ké3-linked
and linear polyubiquitin chains and inhibits NF-«B, c-JUN, and ATF2 by interaction with these moieties on components of the in-
flammatory activating complex or IKKy. Inhibition of activators of MKKs or IKK is also facilitated by ABIN1 recruitment of the de-
ubiquinating protein A20. ABIN1 mutation that disrupts these inhibitory functions contributes to LN.
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