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Abstract 
IgA nephropathy (IgAN) is an autoimmune glomerulonephritis wherein immune complexes 
(IC) composed of galactose-deficient IgA1 (Gd-IgA1; autoantigen) and Gd-IgA1-specific IgG 
autoantibodies (AuAb) deposit in the glomeruli and cause injury. In a mouse model of IgAN, 
induced by IC formed in vitro from human Gd-IgA1 and a recombinant IgG AuAb (rIgG), we 
used whole-kidney RNAseq profiling to assess how sparsentan affects the gene expression of 
pathways dysregulated by IC.

Introduction
IgAN is the most common primary glomerulonephritis worldwide and is characterized by 
mesangial deposition of Gd-IgA1 and AuAb IC. These IC induce glomerular injury with around 
40% of IgAN patients progressing to kidney failure. IgA1 is unique to humans and higher 
order primates, which has hampered development of small-animal models of IgAN. Here we 
use a model where engineered IC (EIC) derived from rIgG and Gd-IgA1 is created in vitro 
and injected multiple times into nude mice to induce glomerular injury mimicking human 
IgAN.1

Sparsentan is a selective dual endothelin angiotensin receptor antagonist (DEARA) with 
affinity for endothelin (A type) and angiotensin II (Type 1) receptors. While endothelin A and 
angiotensin II are known to play a role in the pathobiology of IgAN, it is not known which 
molecular mechanisms sparsentan acts on to potentially reduce mesangial hypercellularity. 
We have previously shown that sparsentan attenuates the mesangial hypercellularity in this 
model.2 This study used nude mice injected with EIC and dosed with vehicle or two different 
doses of sparsentan to assess the effects of treatment on glomerular cellularity and related 
changes in gene transcription. 

Methods
EIC were injected into ~7-week-old nude mice every other day for a total of 6 doses (n=5/
group) via tail vein. Vehicle or sparsentan (60 [S60] or 120 [S120] mg/kg) was given by gavage 
once daily from the first day of EIC injections. Negative-control mice received only vehicle. 
Kidney tissue for histopathology and RNAseq was harvested on day 12. RNAseq raw data 
processed using DESeq2 identified differentially expressed genes. Unsigned weighted gene 
correlation network analysis (WGCNA) was used for network-level profiling and to identify co-
expressed genes associated with hypercellularity and Ki-67 positivity of glomeruli, as assessed 
by quantitative morphometry (Q-morphometry). Gene set enrichment analysis (GSEA) and 
eXpression2Kinases (X2K) assessed changes at the pathway level and imputed correlated 
upstream cell-signaling networks. Genes identified from WGCNA and DESeq2 were compared to 
IgAN biopsy RNA DESeq2 analysis. Pathway enrichment p-values were adjusted with FDR.
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Results
Sparsentan attenuates EIC-induced mesangial hypercellularity 

EIC EIC+S120 EIC+S60 Control

Sparsentan-treated mice showed a statistically significant attenuation in number of nuclei per glomerulus 
compared to EIC-injected mice alone, and similar to control mice (n=5); p<0.001 for EIC+S60 and EIC+S120  
vs. EIC one-way ANOVA, Dunnett's post-hoc. 

Pathway-level analysis shows downregulated expression in 
immune/inflammatory processes after sparsentan treatment 

Up Pathways Down Pathways

Control vs. EIC EIC vs. EIC+S120 EIC vs. EIC+S60

Pathway p value Pathway p value Pathway p value

Cytokine signaling 2.53E-08 Cytokine signaling 2.97E-09 Cellular response 
to INF1 1.49E-08

Cellular response 
to IFN1 2.53E-08 Cellular response 

to INF1 3.87E-09 IFN1 signaling 1.49E-08

IFN1 signaling 2.53E-08 IFN1 signaling 3.87E-09 Cytokine signaling 2.90E-07

Neutrophil 
response 3.52E-05 Neutrophil 

response 1.24E-05 Neutrophil 
response 0.001

Neutrophil 
degranulation 6.37E-05 Neutrophil 

degranulation 2.40E-05 Neutrophil 
degranulation 0.002

Neutrophil 
immunity 8.22E-05

Neutrophil 
immunity 
(GO:0002446)

3.08E-05 MHC1-mediated 
Ag response 0.002

Cellular response 
to cytokine 7.33E-04 Cellular response 

to cytokine 0.001 Neutrophil 
immunity 0.002

MHC1-mediated 
Ag response 0.003 MHC1-mediated 

Ag response 0.001 Response to IFNγ 0.003

Response to IFNγ 0.004 Response to IFNγ 0.001 Response to IFNβ 0.005

Cytokine response 0.004
MHC1-mediated, 
TAP-dependent 
Ag response

0.003
MHC1-mediated, 
TAP-dependent 
Ag response

0.006

WGCNA analysis between grouped pairs (control vs. EIC, EIC vs. EIC+S120, EIC vs. EIC+S60) was performed to 
find module eigengenes that correlate with nuclei per glomerulus and Ki-67 positivity. Genes from the modules 
significantly associated with the cellular phenotypes were then grouped and subjected to GSEA GO biological 
process pathway analysis. Top 10 pathways for each pairwise analysis are shown above. LFC of genes within each 
pathway were identified from DESeq2 analysis, and found to be decreased compared to the LFC of the upregulated 
genes in control vs. EIC. Ag, antigen; INF, interferon; MCH1, major histocompatibility complex class 1.

Top Log Fold Change (LFC) gene changes in DESeq2 identified 
from top modules in WGCNA

Control vs. EIC EIC vs. EIC+S60 EIC vs. EIC+S120
Gene LFC Gene LFC Gene LFC

Z-DNA binding protein 1 
(Zbp1) 2.78 Tgtp2 -1.63 Fcgr4 -1.90

C-type lectin domain 
family 4, member a1 

(Clec4a1)
2.46 Gm4951 -1.62 Myo1g -1.70

Fcgr4 2.05 Tgtp1 -1.51 Nlrc5 -1.68
Iigp1 2.04 Iigp1 -1.39 Lyz2 -1.65

T-cell-specific guanine 
nucleotide triphosphate-
binding protein 2 (Tgtp2)

2.02 Fcgr4 -1.35 Gbp6 -1.61

Lysozyme 2 (Lyz2) 1.90 Nlrc5 -1.34 Clec4a1 -1.51

Myosin 1G (Myo1G) 1.86
Guanylate binding 

protein family 
member 6 (Gbp6)

-1.26 Iigp1 -1.46

NOD-like receptor family 
CARD domain containing 5 

(Nlrc5)
1.81

C-type lectin 
domain family 
12 member A 
(Cleck12a)

-1.23
Neutrophil 

cytosolic factor 4 
(Ncf4)

-1.43

T-cell-specific guanine 
nucleotide triphosphate-
binding protein 1 (Tgtp1)

1.79 Zbp1 -1.12

Mitogen-
activated protein 

kinase kinase 
kinase kinase 1 

(Map4k1)

-1.36

Interferon-gamma-
inducible GTPase Ifgga2 

protein (Gm4951)
1.79 Ms4a6b -1.11 Tgtp2 -1.35

Adhesion G protein-coupled 
receptor E1 (Adgre1) 1.74 Lyz2 -1.10 Integrin subunit 

alpha L (Itgal) -1.33

C-type lectin domain 
family 4, member a2 

(Clec4a2)
1.74 Guanylate-binding 

protein 9 (Gbp9) -1.09 Clec4a2 -1.27

Membrane-spanning 
4-domains subfamily A 
member 6B (Ms4a6b)

1.70 Tryptase beta 2 
(Tpsb2) -1.04 Lyz1 -1.25

Lysozyme C-1 (Lyz1) 1.67 XIAP-associated 
factor 1 (Xaf1) -1.03 Itgb2 -1.24

Allograft Inflammatory Factor 
1 (Aif1) 1.66 Schlafen family 

member 8 (Slfn8) -1.03 Xaf1 -1.24

Combined genes from WGCNA top modules were cross-referenced to DESeq2 LFC data of those groups. 
Comparison of the top genes LFC found statistically significant reversion of expression (in bold).

Imputed kinase and transcription factor significantly correlated 
with WGCNA top module genes

Genes identified from top modules in the control vs. EIC group were uploaded to X2K, and kinase and transcription 
factors were imputed from the gene list. PPI, protein–protein interaction.

Top WGCNA module genes show normalization or reversal of 
expression after sparsentan treatment 
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Gene networks in IgAN human tissue partially overlap with 
dysregulation in EIC animal model treated with sparsentan

Control vs. EIC+S60

Control vs. EIC Human tissue (IgAN vs. Control)

Control vs. EIC+S120

Control vs. EIC    Human tissue (IgAN vs. Control)A. B.

829 555

32
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378

21326

815 503

29
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26540

Transcriptional data of micro-dissected glomeruli from IgAN and control renal biopsies were analyzed using DESeq2. 
Statistically significant genes were compared to top module WGCNA genes from multiple pairwise analysis.3

Summary and Conclusions
Nude mice injected with EIC exhibited glomerular injury manifested by hypercellularity; 
this injury was prevented by treatment with sparsentan at 60 and 120 mg/kg doses. 
Changes at the transcriptional level for EIC-injected mice showed significant upregulation 
in pathways associated with cytokine stimulation and immune and cellular activation. 
These changes were reduced by sparsentan, as indicated by LFC of those critical genes 
in the treatment groups. Analysis of differential gene expression data from glomeruli of 
IgAN patients and comparison with the mouse model using EIC and EIC with sparsentan 
indicate that a subset of the genes with altered expression is located in the glomeruli.
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WGCNA analysis between grouped pairs (control vs. 
EIC, control vs. EIC+S120, control vs. EIC+S60) was 
performed to find module eigengenes that correlate 
with nuclei per glomerulus and Ki67 positivity. 
Genes from modules significantly associated with 
cellular phenotypes (p-adj. <0.05), were then cross-
compared to DESeq2 LFC analysis.


