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Adhesion molecule expression trigger immune-mediated pathology in lupus-nephritis
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Abstract

Systemic lupus erythematosus (SLE) is an autoimmune disease that affects many organs
including the joints, kidneys and brain. Lupus nephritis is a potentially devastating complication
of SLE. Immune cells, cytokines, and epigenetic factors have all been recently implicated
in lupus nephritis pathogenesis. We have hypothesized that their Adhesion molecule
expression trigger immune-mediated pathology in lupus-nephritis. We used female MRL/Ipr,
MRL/mpJ (develops lupus-like disease at 10-14 months of age) and C3H/HeJ mice. Using
immunofluorescent antibody binding assays and confocal laser imaging, we show that
expression of ICAM-1 and VCAM-1 is elevated in MRL/Ipr kidney at 3-6 months of age as
compared to age-matched controls. These results suggest a possible mechanism for leukocyte
entry into the kidney of autoimmune mice that in turn suggest immune-mediated pathology in

renal-lupus and may enable a paradigm shift in the treatment of this complex disease.
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Introduction

Systemic lupus erythematosus (SLE) is a highly complex and heterogeneous autoimmune
condition that mainly affects women in their reproductive years. Despite the advent of disease
classification, monitoring strategy and therapeutic options, survival of SLE patients has not
improved much further since the 1980s [1]. The heterogeneous nature of the disease and the
lack of full understanding of the pathogenic mechanism are major hurdles to further improving
the current management strategy of SLE [2].

Lupus nephritis affects up to 70% of patients with systemic lupus erythematosus and is an
important treatable cause of kidney failure. Cardinal features of lupus nepbhritis include loss of
self-tolerance, production of autoantibodies, immune complex deposition and immune-
mediated injury to the kidney, resulting in increased cell proliferation, apoptosis, and induction
of inflammatory and fibrotic processes that destroy normal nephrons [3]. Is an important cause

of kidney failure in patients of Asian, African, or Hispanic descent. Its etiology and pathogenesis
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are multifactorial and remain to be elucidated [4]. Accumulating evidence suggests that anti-
double-stranded DNA (dsDNA) antibodies play a critical role in the pathogenesis, through its
direct binding to cross-reactive antigens on resident renal cells or indirect binding through
chromatin material to extracellular matrix components, resulting in complement activation, cell
activation and proliferation, and induction of inflammatory and fibrotic processes.

SLE is a chronic inflammatory disease that can affect any organ, but very often injures the
kidney. SLE is more prevalent in women than men across all age groups and populations; the
female-to-male ratio is highest at reproductive age, ranging between 8:1 and 15:1, and is lowest
in prepubertal children at about 4:3 [5].

The prevalence of SLE and the chances of developing lupus nephritis (LN) vary considerably
between different regions of the world and different races and ethnicities [6). In the United
States, the higher frequency of LN in black populations persists after adjustment for
socioeconomic factors [7]. Additionally, black and Hispanic SLE patients develop LN earlier [8],
and have worse outcomes than white patients with SLE, including death and ESRD [1]. This
might explain why black individuals account for nearly half of those with ESRD due to LN, the
more aggressive disease course in black individuals might be the result of a higher incidence
of diffuse proliferative LN, or the presence of more high-risk features within the same LN
histologic class when compared with white individuals [9].

Those differences may arise due to genetic predisposition as some “high-risk” genotypes and
autoantibodies are more frequent in black patients [10]. For example, black populations have a
higher frequency of the Fcy RIIA-R131 allele which is involved in mediating phagocytosis of
IgG2 immune complexes [11]. The APOLL1 gene, which has been implicated in the development
of ESRD in black patients, has also been associated with progression and development of
ESRD in the LN population [12].

In LN patients with two risk alleles for APOL1 the odds ratio (OR) for ESRD was 2.72 (95%
confidence interval [95% CI], 1.76 to 4.19; P<6.2x107%). An HLA-DR2 subtype (HLA-
DRB181503), characteristic of black populations, was linked to worsening proteinuria [13].
Black individuals are also more likely to have positive anti-Ro, anti-Sm, and anti-RNP

antibodies, which have a high association with LN [14].

Materials and Methods

Animals

Female MRL/lpr, MRL/mpJ (develops lupus-like disease at 10-14 months of age) and C3H/HeJ
mice were purchased from the Jackson Laboratory (Bar Harbor, ME, USA). ICAM-1-
= MRL/mpJ-mice were generated by back-crossing a gene-targeted mutation on to the
MRL/MpJ strain background, as described previously [15]. Mice were used at 10-14 months of
age and weighed 30-50 g.
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Immunohistochemistry and histological evaluation

After deparaffinization and rehydration, paraffin sections were blocked with Dual Endogenous
Enzyme Block (DAKO, Glostrup, Denmark) for immunohistochemistry. The primary antibody
was rabbit anti-CD3 (or B220, Iba-1, Ki-67, TGF-B1, PDGF-B, CTGF, a-smooth muscle actin
[SMA], fibronectin, collagen 1) IgG (Abcam, Cambridge, MA). The secondary antibody was
polymer-horseradish peroxidase-labeled goat anti-rabbit IgG (DAKO). The detection of
glomerular IgG deposition was performed with horseradish peroxidase-labeled goat anti-mouse
IgM, 1gG, 1gG1, IgG2a, IgG2b, and IgG3 (Thermo Fisher Scientific) as described previously [8].
Finally, sections were incubated with 3, 3'-diaminobenzine-chromogen substrate (DAKO) and
counterstained with hematoxylin. The stains were scored by a renal pathologist blinded to the

mice grouping.

ELISA

ELISAs were performed with serum or urine according to the manufacturer’s instructions.
Immunoassay kits (targeting mouse TGF-B1 and platelet-derived growth factor B [PDGF-B])
were purchased from R&D Systems, and the connective tissue growth factor (CTGF) kit was
from MyBiosource Inc. (San Diego, CA). Mouse microalbuminuria kit was purchased from
Elabscience (China). Total anti-dsDNA 1gG and IgG isotype concentrations were measured by

ELISA in serum diluted 1:200 as described [5]. The optical density values were read at 450 nm.

Quantitative real-time polymerase chain reaction (QRT-PCR)

Total RNA was extracted from fresh tissue by Trizol reagent (Ambion, Carlsbad, CA).
Complementary DNA was generated with a commercial kit (Takara Bio, Kyoto, Japan). qRT-
PCR was performed in triplicate with TB green stain (Takara Bio) and the ABI PRISM 7900HT
Sequence Detection System (Applied Biosystems, Waltham, MA). The expression levels of the

objective genes were calculated with the 272 method.

Statistical Analysis

All data were expressed as mean t standard error of mean. GraphPad Prism version 6.0
(GraphPad Software, La Jolla, CA) was used for statistical analysis. Analysis of variance
(ANOVA) was used for the comparison of more than two groups. Then, the differences between
two groups were compared by the two-tailed Student t test. Differences were considered to be

statistically significant at p < 0.05.
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Results

Comparison of the phenotypes of circulating leucocytes in MRL** and MRL/MpJ-lpr mice
revealed that at 8 weeks, the numbers of neutrophils, monocytes, CD4 and CD8 T cells and B
cells were significantly lower in MRL/MpJ- Ipr mice (Tables 1). In MRL** mice, leucocyte counts
remained relatively stable to 10 months. In contrast, in MRL/MpJ Ipr mice at 14 months, there
was a marked increase in the number of circulating leucocytes. Much of this change was due
to a striking elevation in circulating T cells of almost 10 x 10%ml, with an increase in circulating
DN T cells accounting for the majority of this difference. In MRL** mice, DN T cells represented
a very minor population. Small but significant increases in neutrophils and monocytes were also
observed in 16-week MRL/MpJ- Ipr mice. By 20 weeks, the leucocyte counts in MRL/MpJ- Ipr
mice had undergone a further increase to nearly 30 x 10%/ml, with more than 14 x 108/ml being
DN T cells.

Effect of ICAM-1 deficiency on infiltration

We next examined leucocyte infiltration in MRL/MpJ-Ipr mice deficient in either ICAM-1 or P-
selectin. In 10-months-old mice, neither adhesion molecule deficiency resulted in a reduction
in choroid leucocyte infiltration (Fig. 1). In contrast, ICAM-1"- MRL/MpJ-lpr mice displayed
increased leucocyte recruitment, apparent as a significant increase in the density of leucocyte
infiltrate within the affected area did not differ from wild-type mice.
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Figure 1.

Density of CD45* leucocyte infiltrate present in the renal of each of the mouse strains. n =7 for WT mice
and 4 for ICAM-1-. Data are shown as + s.e.m. *P < 0-05 versus MRL/MpJ-lpr mice.
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Effect of ICAM-1

We next examined leucocyte infiltration in MRL/MpJ-Ipr mice deficient in either ICAM-1. In 10-
months-old mice, neither adhesion molecule deficiency resulted in a reduction in renal
leucocyte infiltration. In contrast, ICAM-17- MRL/MpJ-lpr mice displayed increased leucocyte
recruitment, apparent as a significant increase in the density of leucocyte infiltrate within the
affected area.

Assessment of the types of leucocytes present in the renal of these mice showed that at 14
months, a greater proportion of both T and B cells were present in brains of both ICAM-1"-and
MRL/MpJ-Ipr mice, relative to wild-type MRL/MpJ-lpr mice. At 10 months, ICAM-17- mice had
a significantly increased proportion of CD4" cells, whereas at 14 months, DN T cells were

significantly increased in MRL/MpJ-lprmice, relative to wild-type MRL/MpJ-lpr mice.

Role of ICAM-1 on phenotype of circulating leucocytes in MRL/MpJ-lpr mice

Mice deficient in ICAM-1 on conventional backgrounds have been described previously to have
increased circulating leucocyte counts [16]. Therefore, we examined circulating leucocyte
phenotypes of these mice on the MRL/MpJ-lpr background (Tables1). At 10 months, MRL/MpJ-
Ipr mice displayed significant elevations in all cell types, but most prominently in neutrophils. At
10 and 14 months, the number of circulating leucocytes in both strains showed comparable
elevations (relative to MRL** mice) to those seen in wild-type MRL/MpJ-Ipr mice. However,
ICAM-1-"- mice showed evidence of a delay in the increase in CD3* cells, as at 10 months the
number of CD3* cells was lower than that seen in wild-type MRL/MpJ-Ipr mice, due to reduced
numbers of CD8 and DN T cells. However, by 14 months, ICAM-1""mice had become similar
to wild-type MRL/MpJ-lpr mice, apart from an alteration in the proportions of T cells such that
CD4 cells were increased significantly and DN T cells were decreased significantly (Tables 1).

Histological examination

Leucocyte infiltration in renal of MRL/MpJ-Ipr mice revealed the cortex was the primary site of
leucocyte infiltration (Fig. 1), with leucocytes rarely detectable within the parenchyma [10].
Therefore, detailed comparison of MRL** and MRL/MpJ-lpr mice was based on analysis of the
cortex. In MRL** mice, that contained diffuse areas of CD45* cell infiltration (Fig. 2a). In
contrast, the intensity of infiltration in MRL/MpJ-lpr mice was such that the size of the cortex
appeared increased relative to MRL** mice (Fig. 2b). We therefore quantified the size and
intensity of infiltration in MRL** and MRL/MpJ-lpr mice. At 14 months, the mean area in
MRL/MpJ-Ipr mice was greater than twice that in MRL** mice (P< 0-05) (Fig. 2a).
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Table 1.

Alteration in the proportions of T cells such that CD4 cells were increased significantly and DN T cells
were decreased significantly.

M1/70M/Gr- M1/70 "/Gr-1mt CD3* B220*/CD3~
lhi
Total (PMNs) (monocyte (T cells) (B cells)
lineage)
MRL**
8 weeks 6-8+0-5(6) 1.5+0-1(6) 0-20 £ 0-28 (6) 3:2+0-3 (6) 2:1+0-2(6)
16 weeks 7-4+05(6) 16+0-1(6) 0-20 £ 0-01 (6) 3:2+0-2 (6) 1.7+0-1(6)
20-25 4.9+06(7) 1.3%+02(7) 0-14+0-05(7) 1.9+02(7) 09%0-2(7)
weeks
MRL/MpJ-Ipr
8 weeks 5:3+0-4(6) 09+0-1(6)f 0-07+0-01(6)t 2:0+0-1(9)f 1-0£0-1(9F
16 weeks 194 + 3.8 45+0.9(6) 0.77+0-17 (6)" 12:8+1-3(6)t 1-4+0-1(6)
(6)
20-25 296 + 4.1 53+1.8(6)f 0-72+0-18(6)t 20-8+1-6(6)t 2-0+0-2(6)F
weeks (7
MRL/MpJ-Ipr
8 weeks 1009 + 05 4-4+0-3(8)" 0-56+0-07(8)" 3-1+0-4(6)" 1-7+0-3(6)"
)
16 weeks 202 ¥ 49 57x0-7(6) 0-79 £ 0-14 (6) 10-7+0-8(8) 2:8+0-2(8)"
®)
20-25 278 * 49 6:5%£1-6(6) 0-72 £ 0-16 (6) 146 + 16 3.1+04(7)"
weeks (6) ™"
ICAM-17--MRL/MpJ-Ipr
16 weeks 16-1 + 4.4 3:2x0-8(6) 0-50 £ 0-13 (6) 7:3+£0:7(8)" 2:0+0-2(8)"
®)
20-25 287 * 67 4.3%x0-8(6) 0-51 £ 0-09 (6) 18:1+0-8(6) 4-7+0-7(6)"
weeks (5)

"Data are expressed as cells x 10%/ml + s.e.m. The number of mice sampled is shown in parentheses.
TP < 0-05 versus MRL** at same age.
“P < 0-05 versus MRL/MpJ-lpr at same age.
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Figure 2.

Leucocyte infiltration in renal of MRL/MpJ-Ipr mice

Discussion

Deficiency in ICAM-1 has been shown previously to have a specific effect on neutrophil
migration, as shown by a fourfold increase in circulating neutrophils and a concomitant
decrease in neutrophil migration to sites of inflammation [17].

This suggests that alternative adhesion molecules may assume the roles played by ICAM-1 in
supporting leucocyte entry into the brain. This possibility is supported by the fact that the
inflammation which affects the MRL/MpJ-lpr mouse occurs over several months, allowing time
for expression of alternative adhesion molecule pathways.

The reason the renal is a preferential target of eucocyte recruitment in MRL/MpJ-lpr mice is
unclear. It is possible that the fenestrated endothelium of the ortex allows leucocyte entry to
occur more readily, and the preferential deposition of immune complexes in this site may also
act to attract and retain leucocytes [18]. In addition, investigation of adhesion molecule
expression in the choroid has demonstrated that the choroid epithelial cells, but not the
associated endothelial cells, constitutively express ICAM-1 and VCAM-1, and increase
expression of these molecules during inflammatory responses [19]. This finding raises the

possibility that following leucocyte exit from the vasculature, epithelial cell-expressed molecules
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are important in retaining leucocytes at this site. It is clear from the present findings that ICAM-
1 does not serve this function, as large numbers of leucocytes accumulate in the cortex of
ICAM-17- MRL/MpJ-lpr mice. However, epithelial cell-expressed VCAM-1 could act in this
fashion as many of the leucocyte types present in the choroid, including DN T cells, express
VCAM-1 ligands such as the a4-integrin, making them capable of adhering to VCAM-1-
expressing cells [19-22].

Recent observations have shown that in some tissues the necessity for a rolling interaction
prior to leucocyte adhesion to the endothelium is bypassed [23, 25]. Furthermore, in renal
microvessels, adhesion of activated lymphoblasts has been observed to occur without prior
rolling [24]. Given these findings, it is conceivable that in the cortex vasculature the conventional
multi-step paradigm of leucocyte recruitment does not apply. Under these circumstances it is
plausible that ICAM-1 is required for leucocyte adhesion within the cortex vasculature. Further
experiments with MRL/MpJ-Ipr mice lacking alternative adhesion molecules would aid in

clarifying this issue.
Conclusions

Our study demonstrated that ICAM-1 ameliorates the murine model of LN, possibly through

inhibiting renal cytokines and chemokines and relevant tissue inflammation and fibrosis.
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