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Editorial on the Research Topic

Immune Landscape of Kidney Pathology

INTRODUCTION

Kidney disease is an emerging cause of morbidity and mortality. More than 6 million patients
worldwide receive renal replacement therapy. The global prevalence of chronic kidney disease
(CKD) is between 11.7 and 15.1% of the adult population. Nevertheless, we still lack effective
treatments to stop the progression of CKD, which makes it an urgent area with unmet clinical need.
CKD is defined as abnormal kidney structure and/or function caused by primary and secondary
glomerular diseases (including diabetes, hypertension, autoimmune diseases, etc.). Renal fibrosis is
a common feature of CKD and is widely regarded as the main driver of the progression to end-stage
renal disease. However, the underlying mechanisms of the renal fibrotic response are complex and
still poorly understood. Emerging research shows that unresolved inflammation may be a necessary
condition to promote the transition from acute kidney injury to chronic renal fibrosis.

Various white blood cell populations are recruited into injured kidneys and play important
roles in pathogen clearance and tissue repair. However, if this inflammatory response does not
subside, it will instead promote progressive fibrosis of the damaged kidney. Interestingly, a large
number of studies have shown that infiltrating leukocytes, including macrophages, dendritic cells,
natural killer cells, and T and B cells, actively promote the transition from renal inflammation
to fibrosis (Tang et al., 2020a). In addition, changes in the microenvironment in different kidney
compartments also play a key role in the immune response and disease pathogenesis. A better
understanding of the immune process in the development of CKD may reveal direct and indirect
immunomodulation methods as new therapeutic strategies to prevent the progression of different
forms of kidney disease.

Therefore, we initiated this research project co-sponsored by Frontiers in Physiology and
Frontiers in Medicine, aiming to bring together research from multiple disciplines, with special
attention to immunology, renal physiology and pathology. We invited researchers to share their
latest insights into how host immunity and its effectors reshape the kidney microenvironment to
achieve the physiological and/or pathogenic effects of diseased kidneys.
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FIGURE 1 | Occurrence of MMT (yellow) in a human kidney with chronic
allograft dysfunction, indicating by the presence of macrophage (CD68, red)
expressing myofibroblast marker (alpha-SMA, green).

We are very pleased that this Research Topic has been
welcomed by basic researchers and clinical scientists from all over
the world. A total of 22 high-quality papers have been published,
including nine original studies, six reviews, four mini-reviews,
one case report and a brief research report. These papers are
written by 159 authors from around the world, providing cross-
sectional and multi-disciplinary approaches in the latest kidney
disease research. Broadly speaking, these papers focus on five core
topics: (i) immunodynamics; (ii) pathogenic mechanisms; (iii)
advanced research technology; (iv) therapeutic development; and
(v) social impact on patients with kidney disease. The following
is a brief overview of each study.

Immunodynamics

The kidney is one of the main organs for detoxification in
our body. Its failure is an important cause of patient death. In
addition, kidney disease is a major contributor to patient death
in a wide range of diseases such as diabetes, cancer, bacterial
and viral infections (including COVID-19; Tang et al., 2021a;
Wang et al., 2021); leading to more than 6 million deaths
worldwide each year. Thus, developing a better understanding,
and treatment of, kidney disease is critical. Renal fibrosis is a
key pathological mechanism in the loss of normal structure and
function of the kidney, resulting in progressive kidney damage.
Encouragingly, scientists have begun to realize that the over-
activation of the immune system is an essential component in
this process, and this feature is summarized by Tang et al. in this
Research Topic.

Macrophages are a type of immune cell that maintains the
health of our kidneys (Tang et al., 2019). They are responsible
for detecting, engulfing, and destroying pathogens and unhealthy
cells as discussed by Cantero-Navarro et al. Paradoxically, new

research finds that macrophages can also accelerate kidney failure
as highlighted by a systematic review from Wang et al. A better
understanding of the underlying mechanisms can isolate the
adverse effects of macrophages from their protective effects.
For example, a new phenomenon “macrophage-myofibroblast
transition (MMT)” has been identified as a pathway promoting
the tissue scarring (Figure 1), and dissecting this MMT pathway
may identify novel druggable therapeutic targets for kidney
fibrosis (Tang et al., 2018a, 2020b).

Changes in the immune landscape are essential components
in both disease pathogenesis and tissue repair in states of
inflammation, but much remains to be done to fully describe
such changes in kidney diseases. Vonbrunn et al. investigated
the potential significance of glomerular immune reactivity
for allograft survival by analyzing the immune profile of
time zero kidney specimens and how this impact clinical
outcomes. Albino et al. elucidated how innate immunity
contributes to the transition of acute kidney injury to renal
fibrosis in a gentamicin-induced renal inflammation model.
Furthermore, Rodriguez-Carrio et al. found changes in several
novel T cell and monocyte subsets during the progression of
chronic kidney disease which were significantly associated with
vascular outcomes.

Pathogenic Mechanisms

Unresolved renal inflammation can drive the progression of
renal fibrosis, leading to end-stage renal disease. Understanding
the mechanisms underlying this unrelenting renal fibrosis is
critical for the development of new therapies to halt disease
progression. Shao et al. described how a variety of key signaling
molecules (e.g., TGF-f1, NF-kB, MAPK, NLRPs, etc.) and
epigenetic changes (e.g., DNA methylation, histone modification,
and expression of non-coding RNA) contributes to renal
inflammation in the pathogenesis of diabetic kidney disease
(Tang et al., 2018b; Chung et al., 2021).

Acute kidney injury (AKI) can lead to progressive kidney
disease. A number of novel long non-coding RNAs have been
identified that contribute to both the development of AKI and
in the progression of CKD (Sun et al, 2018; Zhang et al,
2019). Yang et al. revealed that JNK signaling causes aristolochic
acid-induced renal tubular cell damage. Zhang et al. identified
that IncRNA LRNA9884 enhances the release of inflammatory
cytokines through the NF-«kB pathway after cisplatin-induced
AKI and promotes renal inflammation by binding to the Ccl2
promotor in the db/db mouse model of type-2 diabetes (Zhang
etal., 2019).

In C3 glomerulonephritis, the D288G mutation in the gene
encoding complement factor I was shown to contribute to C3
deposition in mesangial cells (Song et al.). In renal vasculitis,
Tan et al. found that systemic glomerulosclerosis and segmental
sclerosis are prognostic and therapeutic markers of IgA vasculitis
with nephritis. In addition, new signaling pathways have been
identified which act in a cell-type and disease-specific manner
in experimental models and kidney patients to promote the
progression of kidney disease (Tang et al., 2021a). This basic
research work provides examples of how understanding the
pathogenesis of kidney disease at the molecular level has the
potential to develop precision medicine for kidney disease.
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Advanced Research Technology

Understanding the highly dynamic nature of the renal
microenvironment during disease development and progression
is a major challenge. Encouragingly, there are a number of
hallmark analytic technologies have been developed in the last
decade, which significantly facilitate and accelerate research into
kidney disease in a multidisciplinary manner (Park et al., 2018).

Clusters of regularly spaced short palindromic repeats
(CRISPR)—CRISPR-associated protein 9 (Cas9) is an RNA-
guided DNA nuclease that has been used to develop simple
and efficient techniques to precisely engineer the genome. The
CRIPSR-Cas9 system has been widely used to simultaneously
delete multiple genes, create conditional alleles, and generate
reporter proteins in vitro as well as in vivo (Higashijima et al.,
2017). By using the latest genome editing platform CRISPR/Cas9,
Song et al. effectively characterize the mutations of complement
factors in a mouse model with C3 glomerulopathy.

Single-cell RNA-sequencing is a breakthrough in biological
research for elucidating changes at the single cell level
and understanding cell-cell interactions in the complex
microenvironment of both physiological conditions and
disease development. It is particularly suited to dissect the
immunodynamics of kidney disease. In this Research Topic,
Zeng et al. systematically summarized the development
and application of single-cell RNA-sequencing in kidney
immunology. Interestingly, recent work has revealed an
unexpected role of macrophage-myofibroblast transition, first
identified in kidney fibrosis, in promoting tumor development
through tumor-associated macrophage transitioning into cancer-
associated fibroblasts in non-small-cell lung carcinoma (Tang
et al,, 2021b), suggesting an important contribution of tissue
fibrotic pathways in cancer. Therefore, we also opened a new
platform in Frontiers for sharing the new insights into fibrotic
signaling in cancer (https://www.frontiersin.org/research-topics/
22920/new-insights-into-fibrotic-signaling-in-cancer).

Therapeutic Development
Several papers in this Research Topic describe therapeutic
strategies to inhibit inflammation and immune cell function
in kidney disease. Protein kinases are a large family of
enzymes that regulate many intracellular signaling processes.
For example, spleen tyrosine kinase (SYK) is required for
signaling via cell surface receptors involved in inflammation,
including immunoglobulin receptors. SYK signaling occurs in
inflammatory forms of human kidney diseases, and genetic
or drug-based SYK inhibition is protective in animal models
of crescentic glomerulonephritis and antibody-mediated kidney
allograft rejection (Ryan et al, 2016; Ramessur Chandran
et al.,, 2017). Yiu et al. show that SYK is activated in tubular
epithelial cells in patients with IgA nephropathy, and that
polymeric IgA from patients with IgA nephropathy (but not from
healthy controls) activates an inflammatory response in cultured
tubular epithelial cells via SYK—identifying a SYK-dependent
mechanism of tubulointerstitial inflammation.

The JUN amino-terminal kinase (JNK) is a widely expressed
enzyme that is highly sensitive to activation by oxidative stress
and DNA damage. Activated JNK can phosphorylate protein

targets to promote cell necrosis, inflammation and fibrosis
(Grynberg et al., 2017). Yang et al. show that the nephrotoxin
aristolochic acid—the cause of Chinese herb nephropathy and
Balkan nephropathy—induces DNA damage and prominent JNK
activation in tubular epithelial cells in mice. Treatment with
a JNK inhibitor provided significant protection against tubular
necrosis, macrophage infiltration, inflammation and acute renal
failure in response to acute high dose AA administration. This
further supports therapeutic targeting of JNK to prevent acute
kidney injury.

While small molecule drugs are the backbone of current
therapies for kidney disease, stem cells and extracellular vesicles
are being developed as new potential treatments. Human
amniotic epithelial cells (hAEC) are an attractive therapy due to
their immunosuppressive capacity, their lack of immunogenicity
and their ready availability—being isolated from the human
placenta after birth (Al Mushafi et al.). Their immunosuppressive
capacity is attributed to secretion of IL-10, TGF-B1, PGE2
and exosomes, while hAEC also act to increase numbers
of Tregs and Th2T cells. Treatment with hAEC suppressed
autoantibody production and reduced levels of IL-17 and
IFN-g in a mouse model of lupus nephritis (Tan et al,
2018).

Exosomes are a class of small extracellular vesicles excreted
by most cell types (Shen et al.). Exosomes carry a cargo
of RNA and proteins which, upon uptake into recipient
cells, can modulate cell function. Treatment with specific
exosome populations can suppress immune-mediated acute
and chronic kidney disease models (Eirin and Lerman,
2021). In addition, since the contents of exosomes reflects
the cell type of origin, exosomes are being investigated as
novel biomarkers in human kidney disease. Furthermore, by
manipulating the receptors in the exosome membrane, it is
possible to target exosomes to specific cell types—opening up
the potential for cell-directed delivery of exosomes carrying
biological molecules or drugs to modify disease progression
(Shen et al.).

Social Impact

Since the first case in 2019, the COVID-19 pandemic remains
an unresolved global issue (Worobey, 2021), among which acute
kidney injury is one of the complications of patients infected
with the virus (Huang et al., 2020). In fact, social issues not only
cause physical harm to humans, but may also affect patients with
chronic diseases psychologically.

In this Research Topic, Chan et al. studied the impact of
the COVID-19 pandemic on the mental health of patients,
revealing a significant impact on the quality of life of patients
with chronic kidney diseases receiving dialysis. In addition,
Nie et al. conducted a multicentre retrospective cohort study
which identified the necessity of kidney biopsy collection
for an accurate diagnosis of patients with monoclonal
gammopathy. Another retrospective study conducted by
Hakroush et al. emphasized the need for histopathological
findings in order to make better treatment decisions for
critically ill patients who have already exhibited worsening
renal function.

Frontiers in Physiology | www.frontiersin.org

January 2022 | Volume 12 | Article 827537


https://doi.org/10.3389/fphys.2021.649801
https://doi.org/10.3389/fphys.2021.752679
https://www.frontiersin.org/research-topics/22920/new-insights-into-fibrotic-signaling-in-cancer
https://www.frontiersin.org/research-topics/22920/new-insights-into-fibrotic-signaling-in-cancer
https://doi.org/10.3389/fphys.2021.650888
https://doi.org/10.3389/fphys.2021.599114
https://doi.org/10.3389/fphys.2021.724186
https://doi.org/10.3389/fphys.2020.627800
https://doi.org/10.3389/fphys.2020.627800
https://doi.org/10.3389/fmed.2021.666973
https://doi.org/10.3389/fmed.2021.687149
https://doi.org/10.3389/fmed.2020.622028
https://www.frontiersin.org/journals/physiology
https://www.frontiersin.org
https://www.frontiersin.org/journals/physiology#articles

Tang et al.

Editorial: Immune Landscape of Kidney Pathology

SUMMARY

In summary, these papers outline research on the importance of
the immune landscape in kidney disease, showing the clinical
significance and translational potential of the Research Topic,
and providing insights into many exciting research avenues. Our
understanding of kidney disease is the immune landscape in
kidney pathogenesis continues to grow.
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Background: This study was aimed at investigating the clinical significance and
curative effect of global glomerulosclerosis (GS) and segmental glomerulosclerosis (S) in
adult-onset IgA vasculitis with nephritis (IgAV-N) patients since there was no consensus
pathological grading method for adult IgAV-N.

Methods: A total of 188 biopsy-proven IgAV-N patients were prospectively
identified. Patients were separately assigned to GS0/GS1/GS2 group and S0/S1/S2
based on the scores of global glomerulosclerosis and segmental glomerulosclerosis
(0% /0-15% />15%, respectively).

Results: GSO, GS1, and GS2 occurred in 56.4, 29.2, and 14.4% of the adult-onset
IgAV-N, respectively. Patients in GS2 group tended to have the most serious renal
deterioration and the highest levels of blood pressure. IgAV-N patients were also divided
into SO group (64.4%), S1 group (20.7%), and S2 group (14.9%), where no obvious
differences in baseline data were noted. K-M curves indicated that GS2 group had the
worst renal outcome (P = 0.05) while there seemed to be no significant differences
between GS0 group and GS1 group. In addition, no remarkable differences in primary
outcome were found among SO group, S1 group, and S2 group though the prognosis
of S2 group tended to be the worst. However, the prognosis of SO/S1 group was
markedly better than that of S2 (P = 0.04). The discrimination of poor prognosis could
be improved by adding the pathological indicators of global glomerulosclerosis and
segmental glomerulosclerosis. Most importantly, immunosuppressive treatment might
be a superior alternative in IgAV-N patients without sclerosis scores or with lower level of
sclerosis scores. But addition of immunosuppression was not recommended in patients
with higher sclerosis scores.

Conclusions: Global glomerulosclerosis and segmental sclerosis might be used for
management and treatment of adult-onset IgAV-N.

Keywords: IgA vasculitis with nephritis, global glomerulosclerosis, segmental glomerulosclerosis, treatment,
prognosis
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Novel Pathologiacal Markers for IgAV-N

INTRODUCTION

IgA vasculitis (IgAV), also named Henoch-Schénlein purpura, is
a common form of systemic vasculitis that can cause abdominal
pain, gastrointestinal bleeding, aching joints and renal damage.
IgAV is a self-limited systemic disorder. But it can cause chronic
kidney disease (CKD) when it affects the kidneys, which we name
IgA vasculitis with nephritis (IgAV-N). Renal deterioration is the
most serious complication of IgAV and is also a determinant
factor of adverse prognosis (1). It has been acknowledged that
proteinuria and hematuria cannot always reflect the renal damage
accurately. Renal biopsy has high value for clinical decision-
making and prognosis. Since IgAV-N was more common in
children, few researches have investigated which pathological
classification is suitable for adult-onset IgAV-N (2, 3). Therefore,
a pathological classification for adult-onset IgAV-N that can be
applied to predicting prognosis and guiding treatment, needs to
be produced.

The guidelines published by the Kidney Disease: Improving
Global Outcomes (KDIGO) indicated that angiotensin-
converting-enzyme inhibitor (ACEI)/angiotensin receptor
blockers (ARB) and corticosteroids were recommended for
IgAV-N patients based on the clinical manifestations instead
of pathological indicators, and the combination therapy
of immunosuppressants and steroids is under debate (4-
6). Emerging studies have demonstrated that the usage of
immunosuppressants is significantly correlated to clinical
remission of IgAV-N (7, 8). However, it is not clear exactly
what kind of IgAV-N patients will benefit the most from the
immunosuppressive therapy.

As a chronic progressive kidney disease, IgAV-N can result in
end-stage renal disease (ESRD), in which chronic impairments
such as chronic fibrosis and sclerosis are common. Theoretically,
the appearance of global glomerulosclerosis and segmental
sclerosis in kidney, which are typical chronic kidney injury, may
predict a poor prognosis (9). However, few studies have proved
it in the adult-onset IgAV-N. At the same time, few articles
have proposed a targeted treatment option for the pathological
types of IgAV-N. Hence, this study aims to elucidate the clinical
significance of global glomerulosclerosis and segmental sclerosis
on renal outcomes in adult patients with IgAV-N and to prescribe
a course of treatment based on degree of renal sclerosis.

METHODS AND METHODS

Subjects

We prospectively recruited 209 IgAV-N patients from October
2010 to June 2017 in West China Hospital, Sichuan University.
A definitive diagnosis of IgAV-N was based on typical clinical
manifestations and renal biopsies, according to the American
College of Rheumatology (ACR) guidelines (10). The age of all
individuals enrolled had to be more than 14 years old at the
first onset of IgAV-N. The exclusion criteria included insufficient
clinicopathological data for pathological classification (with <
8 glomeruli in the renal biopsy sample) and/or other systemic
diseases like diabetes, hepatitis, systemic lupus erythematosus
(SLE), HIV infection and so on. All the participants were

followed up regularly by reexaminations in our hospital for
at least 6 months unless they reached the endpoint. Finally,
188 adult-onset IgAV-N patients were analyzed in the study.
This was an observational study that was approved by the
Ethics Committee of West China Hospital of Sichuan University.
Participants kept informed by face-to-face interviews and written
informed consent were obtained.

Clinical Parameters and Treatments

The clinical indicators we recorded included symptoms and
signs (edema, joint pain, abdominal pain and bloody stool),
systolic blood pressure, diastolic blood pressure, proteinuria,
urine red blood cell, serum albumin, serum creatinine,
and estimated glomerular filtration rate (eGFR). Nephrotic
syndrome was defined as massive proteinuria (>3.5 g/24h) and
hypoproteinemia (<30 g/L). Hypertension was diagnosed as the
resting blood pressure >140/90 mmHg.

The options of treatment modalities were determined by both
the attending doctors and the patients, which was not interfered
by the researchers since this was an observational study.
Three commonly used treatments included supportive medical
care with full dose angiotensin-converting-enzyme inhibitor
(ACEI) or angiotensin receptor blockers (ARB), steroid therapy
(0.5-1 mg/kg daily and tapered down within 6-8 months)
with optimal dose of ACEI/ARB, and immunosuppressants
(mycophenolate mofetil, cyclophosphamide, or azathioprine)
combined with corticosteroids.

Pathology Data and Groups

The pathological evaluation of this experiment was completely
blind. If the patients with IgA vasculitis (purpura with or without
abdominal pain, gastrointestinal bleeding, or aching joints) were
manifested with hematuria, proteinuria and/or renal failure, the
renal biopsy was performed by the supervising physicians. The
renal biopsies were evaluated by a professional pathologist and
an experienced clinician in our medical centers. All researchers
did not participate in this pathological evaluation.

The pathological classification including mesangial
proliferation ~ (MO/M1,  absent/present),  endocapillary
proliferation (EO/EL, absent/present), segmental

glomerulosclerosis (S), tubular atrophy or interstitial fibrosis
(TO/T1, absent/present), and crescent injury (CO0/C1, absent/
present) was primarily based on the updated Oxford classification
(3). Global glomerulosclerosis (GS) was also considered in the
study and was defined as glomerular impairment with more
than 50% of any one glomerulus manifested as scarring
lesion or hyaline deposition (9). The definition of segmental
glomerulosclerosis was sclerosis or adhesion in part but not the
entire glomerulus, where capillary lumina were obliterated by
matrix (11).

Previous studies have proved that IgA nephropathy (IgAN)
patients with glomerulosclerosis > 25% of glomeruli have quite
a bad prognosis (9). If it was grouped by 25% in our cohort,
the distribution of patients was severely unbalanced, which
was not suitable for reasonable statistical analysis. In order to
increase the predictive sensitivity of this indicator, we grouped
patients of different pathological types based on sample size
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and clinical experience, which was not exactly the same as
Oxford classification. Segmental glomerulosclerosis was scored
by percentages (S0/S1/S2, no segmental glomerulosclerosis/>0%
of glomeruli but <15% of glomeruli/>15% of glomeruli). Patients
with or without global glomerulosclerosis were divided into three
groups (GS0/GS1/GS2, 0%/0-15%/>15% of glomeruli).

Clinical Outcomes and Remission

The primary outcome consisted of end-stage renal disease
(ESRD) defined as e-GFR <15 mL/min per 1.73 m2 or receiving
maintenance renal replacement treatment, a 60% decline in
the e-GFR and/or death. The secondary outcomes included
complete remission (24 h-proteinuria <0.3 g, with no hematuria
or impaired renal function); partial remission (24 h-proteinuria
<1 g, with or without recurrent hematuria, or proteinuria decline
> 50%); and no response (24 h-proteinuria >1.0 g or the decrease
level of eGFR >10%).

Statistical Analysis

Numbers with frequencies were used in statistical descriptions
of nominal and grade variables while continuous variables were
presented as mean =+ standard deviation (homoscedastic) or
median with interquartile ranges (heteroscedastic). Students
t-test, Wilcoxon test, ANOVA, or non-parametric Mann-
Whitney U-test were selectively used to analyze continuous
variables according to groups and data distribution. Pearson’s
chi-squared test or Fisher’s exact test was adopted for
categorical variables. Pearson correlation analysis or Spearman
correlation analysis was used to explore the relationship among
pathological indicators. Kaplan-Meier estimates was constructed
to compute the proportions of endpoint in different groups and
multivariate Cox regression analysis was established to identify
the unfavorable factors for long-term renal outcome of IgAV-N,
where hazard ratios (HRs), and confidence intervals (CIs) were
used. Receiver operating characteristic (ROC) with area under
curves (AUC) were inducted to measure the prediction accuracy.
All tests were two-tailed and it was considered to be significant as
the p < 0.05.

RESULTS

Demographic and Clinical Characteristics
A total of 209 adult-onset IgAV-N patients diagnosed by clinical
signs and renal biopsy were included in this study. Of them,
18 patients were excluded because of missing or the presence
of other systemic diseases and 3 were excluded because of
inadequate pathological biopsy specimens as < 8 glomeruli in
the renal biopsy sample. Accordingly, the study cohort finally
consisted of 188 patients. The mean age was 30.9 & 15.2 years at
the time of biopsy. The follow-up time was 27.06 £ 20.09 months
on average. Patients were further categorized into different
groups according to glomerulosclerosis.

Grouped by global glomerulosclerosis, GSO, GS1, and
GS2 occurred in 56.4, 29.2, and 14.4% of the adult-onset
IgAV-N, respectively (Table1). It was noted that global
glomerulosclerosis scores increased with age (P < 0.01).
The extrarenal symptoms, especially joint and abdominal

involvement, were more prevailing in patients without global
glomerulosclerosis (P < 0.01). Patients with higher rates of
global glomerulosclerosis tended to have more serious renal
deterioration and higher levels of blood pressure. Given that
the differences in clinicopathological characteristics between
GSO and GS1 were relatively small, we considered GSO and
GS1 as a group GS0/GS1. Patients with lower scores of global
glomerulosclerosis (GS0/GS1 group) seemed to have a milder
illness with significantly higher level of eGFR, and lower levels
of serum creatinine and blood pressure (both SBP and DBP).

IgAV-N patients were also divided into SO group (64.4%), S1
group (20.7%) and S2 group (14.9%), based on the scores of
segmental glomerulosclerosis (Table 2). No evident differences
were observed in clinical manifestations and laboratory indexes
except that patients without segmental glomerulosclerosis were
more likely to suffer from gastrointestinal symptoms (P = 0.06).
Similarly, SO group and S1 group were treated as the same group
(S0/S1). A relatively higher level of serum creatinine was found
in patients in S2 group, compared with S0/S1 group (P = 0.06),
while no other differences in baseline data were noted.

Pathological Findings

As shown in Tablel, the proportion of endocapillary
proliferation were much lower in GS2 group (P = 0.03), whereas
the proportion of tubular atrophy or interstitial fibrosis were
extremely higher (P < 0.01), compared with GS0 group and GS1
group. Table 2 reveals the pathological findings of patients with
different scores of segmental glomerulosclerosis and indicates
that patients in S0/S1 group had higher rates of endocapillary
proliferation (P = 0.05). Therefore, we speculated that there was
a certain correlation between pathological impairments.

Then a Spearman correlation analysis was conducted
(Table 3). It could be easily found that mesangial proliferation
was positively related to segmental glomerulosclerosis and
tubular atrophy/interstitial fibrosis (r 0.16, P = 0.03).
Endocapillary proliferation was inversely correlated to tubular
atrophy/interstitial fibrosis and global glomerulosclerosis (r
-0.17, P 0.02; r -0.17, P = 0.01, respectively)
while had a positive correlation with crescents (r 0.22,
P < 0.01). Most remarkably, global glomerulosclerosis and
tubular atrophy/interstitial fibrosis had a strong correlation
(r=0.48, P =0.01).

Renal Survival

A total of 13 patients finally reached the endpoint during
their follow-up period and 9 of them progressed to ESRD.
Figure 1 shows the renal survival based on classification of global
glomerulosclerosis. It was worth noting that since no patients
were followed for more than 50 months in GS2 group, the
survival curve dropped sharply at 50 months. It was indicated
that GS2 group had the worst renal outcome (Figure 1A, P
= 0.05) while there seemed to be no significant differences
between GSO group and GSI group. So, we merged the two
groups and found that the renal survival of GS0/GS1 group
was much better than that of GS2 group (Figure 1B, P = 0.01),
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TABLE 1 | Clinicopathological manifestations of IgAV-N patients at baseline, grouped by the percentage of global glomerulosclerosis.

Global glomerulosclerosis

Global glomerulosclerosis

Variables GS0 GS1 GS2 P GS0/GS1 GS2 P
Numbers (%) 106 (56.4) 55(29.2) 27 (14.4) - 161 (85.6) 27 (14.4) -
Male (%) 54 (50.9) 24 (43.6) 9(33.3) 0.23 78 (48.3) 9(33.3) 0.21
Age (years) 19.0 (16.0-38.3) 37.0 (21.0-50.0) 43.0 (22.0-55.0) <0.01 29.5 +14.6 39.3+16.8 <0.01
Interval from disease onset 1.0(0.7-5.0) 2.0 (0.68-7.0) 4.5(1.0-12.0) 0.13 2.0 (0.7-6.0) 4.5(1.0-12.0) 0.06
to biopsy (months)
Clinical symptoms
Skin purpura (%) 6 (90.6) 54 (98.2) 23 (85.2) 0.09 150 (93.2) 23 (85.2) 0.24
Edema (%) 5 (33.0) 24 (43.6) 13 (48.1) 0.22 9 (36.6) 13 (48.1) 0.29
Abdominal pain (%) 38 (35.8) 10 (18.2) 5(18.5) 0.03 8 (29.8) 5(18.5) 0.26
Bloody stools (%) 7 (16.0) 7(12.7) 0(0) 0.05 24 (14.6) 0(0) 0.03
Joint pain (%) 7 (25.5) 10 (18.2) 1(3.7) 0.03 7 (23.0) 1(3.7) 0.02
SBP (mmHg) 120.0 (110.0-128.3) 123.0 (113.0-135.0) 131.0 (115.0-155.0) <0.01 120.0 (112.0-130.0)  131.0 (115.0-155.0)  <0.01
DBP (mmHg) 78.0 (70.8-85.0) 80.0 (71.0-86.0) 82.0 (75.0-95.0) 0.07 785+ 11.7 841 +12.6 0.02
Laboratory index
Proteinuria (g/24 h) 3.11 £ 3.05 3.03 + 3.37 3.14 £ 2.61 0.98 3.08 +£3.15 3.14 £ 2.61 0.93
Alb (g/L) 34.50 + 8.34 36.35 + 7.99 35.28 + 7.39 0.39 35.13 +£8.25 35.28 + 7.39 0.93
sCr (umol/L) 64.45 (52.80-84.15) 71.00 (59.00-86.60) 88.00 (66.00-139.00) <0.01 68.00 (56.80-84.95) 88.00 (66.00-139.00) 0.02
eGFR (ml/min/1.73 m2) 124.70 105.40 71.50 (50.90-110.00) <0.01 109.05 + 30.82 78.05 + 38.21 <0.01
(94.35-134.78) (87.30-116.80)
u-RBC (/HP) 184 £+ 435 173 + 427 180 + 440 0.99 180 + 431 180 + 440 0.98
Pathological features
M (%) 7 (82.1) 48 (87.9) 25 (92.6) 0.34 135 (83.9) 25 (92.6) 0.27
E (%) 4 (22.6) 7(12.7) 13.7) 0.03 1(19.9) 1(3.7) 0.05
S (%) 6 (34.0) 22 (40.0) 10 (37.0) 0.76 8 (36.0) 10 (37.0) 1.00
T (%) 2 (20.8) 31 (56.4) 3 (85.2) <0.01 3 (32.9) 23 (85.2) <0.01
C (%) 46 (43.4) 7(30.9) 0(37.0) 0.30 63 (39.1) 10 (37.0) 1.00
0 9 (55.7) 38 (69.1) 7 (63.0) 7 (60.3) 17 (63.0)
0-25% 0 (28.9) 3(23.6) 6 (22.2) 3(26.7) 6 (22.2)
>25% 7 (16.0) 4(7.3) 4(14.8) 1(13.0) 4(14.8)
Treatment 0.02 <0.01
ACEI/ARB 6(5.7) 4(7.3) 7 (25.9) 0.01 10 (6.2) 7 (25.9) <0.01
Steroids 39 (36.8) 25 (45.5) 11 (40.7) 0.57 64 (39.8) 11 (40.7) 0.54
Immunosuppressor 61 (57.5) 26 (47.3) 9(33.3) 0.06 87 (54.0) 9(33.3) 0.06

19AV-N, IgA vasculitis with nephritis; SBF, systolic blood pressure; DBR, diastolic blood pressure; ALB, albumin; sCr, serum creatinine; eGFR, estimated glomerular filtration rate; u-RBC,
the count of uric red blood cell; M, mesangial proliferation; E, endocapillary proliferation; S, segmental glomerulosclerosis; C, crescents; T, tubular atrophy/interstitial fibrosis; GS, global
glomerulosclerosis; ACEI, angiotensin-converting-enzyme inhibitor; ARB, angiotensin receptor blockers. The bold values mean statistically significant difference.

indicating the higher the global glomerulosclerosis scores, the
worse the prognosis.

The K-M survival analyses of IgAV-N divided by
segmental glomerulosclerosis levels is also presented in
Figure 1. In general, there were no significant differences
in primary outcome among SO group, Sl group, and
S2 group though the prognosis of S2 group tended to
be the worst (P 0.25). However, the renal outcome

Effects of S and GS on Discrimination of

Prognosis

A multivariate COX regression model adjusted for Oxford
classification, nephrotic syndrome, and treatment was carried
out to evaluate the effects of global glomerulosclerosis
and segmental glomerulosclerosis on prognosis. Notably,
global glomerulosclerosis and segmental glomerulosclerosis
could serve as independent predict markers adjusted for

of S0/S1 group was remarkably better than that of S2 pathological indicators and partial clinical manifestations
(P = 0.04), suggesting that patients with segmental (HR 3.86, 95% CI 1.00-15.01, P = 0.05 HR 7.55,
glomerulosclerosis more than 15% could predict the 95% CI 1.66-34.41, P = 0.01, respectively, Table4).
poor prognosis. Moreover, other indicators of Oxford classification such as
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Novel Pathologiacal Markers for IgAV-N

TABLE 2 | Clinicopathological manifestations of IgAV-N patients at baseline, grouped by the percentage of segmental glomerulosclerosis.

Segmental glomerulosclerosis

Segmental glomerulosclerosis

Variables S0 S1 S2 P S0/S81 S2 P
Numbers (%) 121 (64.4) 39 (20.7) 28 (14.9) - 160 (85.1) 28 (14.9) -
Male (%) 56 (46.3) 15 (38.5) 16 (57.1) 0.33 71 (44.4) 16 (57.1) 0.23
Age (years) 312+ 154 31.56+15.6 28.5+14.3 0.67 31.3+15.4 28.5+14.3 0.37
Interval from disease onset 7.4+159 43+56.2 59478 0.46 6.7 + 141 59+78 0.78
to biopsy (months)
Clinical symptoms
Skin purpura (%) 113 (93.4) 34 (87.2) 26 (92.9) 0.48 147 (91.9) 26 (92.9) 1.00
Edema (%) 50 (41.3) 14 (35.9) 8 (28.6) 0.44 64 (40.0) 8 (28.6) 0.30
Abdominal pain (%) 41(33.9) 6(15.4) 6 (21.4) 0.06 47 (29.4) 6 (21.4) 0.50
Bloody stools (%) 19 (15.7) 1(2.6) 4 (14.3) 0.08 20 (12.5) 4 (14.3) 0.76
Joint pain (%) 25 (20.7) 11(28.2) 2(7.1) 0.10 36 (22.5) 2(7.1) 0.08
SBP (mmHg) 123.8 £ 18.7 121.3 £ 19.9 126.1 £17.5 0.58 128.2 +£19.0 126.1 £17.5 0.45
DBP (mmHg) 79.0 (71.5-85.0) 80.0 (71.0-95.0) 81.5(70.3-94.8) 0.24 80.0 (71.0-85.0) 81.5(70.3-94.9) 0.18
Laboratory index
Proteinuria (g/24 h) 3.06 + 3.28 3.22+288 3.05 £ 2.41 0.96 3.10 £ 3.18 3.05 £ 2.41 0.94
Alb (g/L) 34.85 + 8.19 36.37 + 8.48 34.80 + 7.33 0.58 35.22 + 8.26 34.80 + 7.33 0.80
sCr (umol/L) 78.52 + 40.95 82.23 &+ 39.21 95.81 + 48.33 0.15 79.43 + 40.44 95.81 + 48.33 0.06
eGFR (ml/min/1.73 m2) 113.80 109.20 99.00 (64.13-130.47) 0.22 112.80 (87.58-129.88) 99.00 (64.13-130.47) 0.17
(89.20-129.70) (80.70-132.00)
u-RBC (/HP) 193 £ 510 160 + 254 150 + 297 0.85 185 + 460 150 + 297 0.94
Pathological features
M (%) 99 (81.8) 35 (89.7) 26 (92.9) 0.10 134 (83.8) 26 (92.9) 0.26
E (%) 25 (20.7) 6(15.4) 1(3.6) 0.08 31(19.4) 1(3.6) 0.05
T (%) 47 (38.8) 16 (41.0) 13 (46.4) 0.74 63 (39.4) 13 (46.4) 0.53
C (%) 53 (43.8) 11(28.2) 9(32.1) 0.16 64 (40.0) 9(32.1) 0.29
0 67 (55.4) 28(71,8) 19 (67.9) 95 (59.4) 19 (67.9)
0-25% 31 (25.6) 11 (28.2) 7 (25.0) 42 (26.3) 7 (25.0)
>25% 23 (19.0) 0(0) 2(7.1) 23 (14.4) 2(7.1)
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