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Introduction: IgA nephropathy (IgAN) is the most common primary glomerulonephritis (GN) worldwide.

The disease course fluctuates, and the most important challenge is the considerable variation in the time

lag between diagnosis and the development of a hard clinical end point, such as end-stage kidney disease

(ESKD). The reaction of renal tissue to damage resembles the common wound-healing response. One part

of this repair in IgAN is the expansion of lymphatic vessels known as lymphangiogenesis. The aim of this

work was to establish the prognostic value of the density of lymphatic vessels in the renal biopsy at the

time of diagnosis, for predicting the risk of ESKD in a Spanish cohort of patients with IgAN.

Methods: We performed a retrospective multicenter study of 76 patients with IgAN. The end point of the

study was progression to ESKD. The morphometric analysis of lymphatic vessels was performed on tissue

sections stained with antipodoplanin antibody.

Results: Density of lymphatic vessels was significantly higher in patients with IgAN with mesangial

hypercellularity >50%, segmental sclerosis, higher degrees of interstitial fibrosis, and tubular atrophy.

Patients with more lymphatic vessels had significantly higher values of proteinuria and lower estimated

glomerular filtration rate (eGFR). A density of lymphatic vessels $8 per mm2 was associated with a

significantly higher rate of progression to ESKD at 3 years from biopsy. After adjustment for the Inter-

national IgAN prediction score, at the multivariate logistic regression, high density of lymphatic vessels

($8 per mm2) remained significantly associated with a higher rate of early progression to ESKD.

Conclusion: This study contributes to the understanding of the natural history of the progression to ESKD in

patients with IgAN revealing the density of lymphatics vessels may optimize the prognostic value of the In-

ternational IgA predicting tool to calculate the risk of ESKD, favoring the evaluation of new targeted therapies.
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IgAN
is the most common primary GN
worldwide. The incidence rate has been

estimated at 2 to 10 per 100,000 person-years. A renal
biopsy with mesangial deposition of IgA immune com-
plex is required for diagnosis.1 The disease course is very
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variable because of its clinical, pathologic, andpathogenic
heterogeneity; and it ranges from asymptomatic nonpro-
gressive to aggressive, with up to 1 in 4 patients experi-
encing from ESKDwithin 20 years from diagnosis.2

Several retrospective studies have identified hyper-
tension, renal function at diagnosis, and the magnitude
of proteinuria during follow-up as the most important
clinical predictors of ESKD. Of them, a sustained pro-
tein excretion >1 g/d is considered as the most deter-
minant predictor of progression, and treatment
recommendations are based on the magnitude of pro-
teinuria.3 More recently, some studies have revealed
that histologic lesions included in the Oxford
823
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Classification are independently associated with renal
outcomes and significantly improve the prediction of
disease progression to ESKD.4

The final pathway to chronic kidney disease (CKD)
and kidney failure is always the loss of normal tissue
and matrix deposition with fibrosis in every kidney
compartment. The extent of renal fibrosis predicts the
loss of function and progression of damage in the
kidney. Thus, renal biopsy is not only useful for
diagnosis and prognostic categorization but can also
quantify fibrosis and elucidate new therapeutic targets
that could prevent the progression of IgAN.5

The reaction of renal tissue to damage resembles the
common wound-healing response that occurs in other
tissues. Nevertheless, the repair and recovery of renal
function do not always happen. One part of this repair in
IgAN is the expansion of lymphatic vessels known as
lymphangiogenesis; besides functional changes in
lymphatic vessel morphology, lymphangiogenesis oc-
curs in response to numerous noxious stimuli, including
interstitial fluid overload and inflammation. Thus,
determination of how to target lymphatic vessels may
have impact in the treatment and prevention of CKD.6

Adequate categorization of patients in individual risk
classification for ESKD in IgAN is an essential aspectwhen
making therapeutic decisions and designing clinical tri-
als. The most important challenge is the considerable
variation in the time lag between diagnosis and the
development of a hard clinical end point, such as ESKD.7

Previous immunohistochemical studies of lymphatics
with antipodoplanin antibody have elucidated their
relation to the overall anatomical structure of the normal
human kidney and in ESKD, cortical infarction, acute
tubular necrosis, and hydronephrosis; the use of podo-
planin antibody for the detection of renal lymphatics is
well characterized under both normal and pathologic
conditions, and the distribution patterns of lymphatics
are similar with those previously reported in animals.8

The aim of this work was to establish the prognostic
value of the density of lymphatic vessels in the renal bi-
opsy at the time of diagnosis to predict the risk of ESKD in
a Spanish multicentric cohort of patients with IgAN that
was followed for a prolonged period with periodic visits,
inwhich all recognized clinical and laboratory risk factors
for disease progression were systematically recorded.

In this way, we were able to consistently analyze the
correlation of lymphangiogenesis with the appearance
of renal fibrosis in the biopsy and its correlation with
disease progression.

METHODS

Study Population

This study was designed to include all consecutive
patients with biopsy proven IgAN and followed up
824
from January 2012 to December 2018 in 5 nephrology
departments belonging to the Catalan Group for the
Study of Glomerular Diseases (GLOMCAT). Patients
with other underlying autoimmune diseases or hepa-
titis B or C infection were excluded from further
consideration.

The diagnosis of IgAN was based on the Oxford
classification criteria on native kidneys.9 Biopsies with
fewer than 10 glomeruli were excluded to assure a
representative sample. All data were retrospectively
collected from the time of IgAN diagnosis to December
2020. All patients gave written informed consent. The
study was approved by the institutional review board
of the Hospital Clinic of Barcelona and was conducted
in accordance with the Declaration of Helsinki.

Histologic Characterization

All biopsies were processed for light and immunoflu-
orescence microscopy using standard techniques,
examined by an experienced nephropathologist, and
interpreted according to the Oxford Classification of
IgAN.

The morphometric analysis of lymphatic vessels was
performed on formalin-fixed, paraffin-embedded tissue
sections using BenchMark ULTRA (Ventana) and
commercially available antibody (podoplanin: D2-40,
mouse monoclonal antibody, ready to use, Cell Mar-
que). The D2-40 antibody was used after standard anti-
gen retrieval (CC1 solution Ventana; 36minutes, 95 �C).

Podoplanin is a w38 kD O-linked transmembrane
sialoglycoprotein expressed on the endothelium of
lymphatic capillaries, but not in the blood vasculature.
Clone D2-40 recognizes podoplanin in normal and
neoplastic tissues, and it has been used for the identi-
fication of lymphatic invasion in a variety of
cancers.10,11

Lymphatic vessels were counted only in the cortex,
and their areas were measured, using an Olympus Cell
B Basic Imaging Software and the Olympus SC50 cam-
era attached to an BX51 microscope. Lymphatic areas
were defined as vascular areas delineated by D2-40–
positive staining. Evaluated parameters included
microvessel areas, the total area of the biopsy analyzed,
the density of lymphatic vessels (number per mm2 bi-
opsy area), and the proportion of the examined area
occupied by lymphatic vessels.

Clinical Data

The following data were retrieved from the medical
records of the patients: demographic data and
concomitant medical conditions, both at presentation
and follow-up (3, 6, 12, 24, 60, and 120 months or last
outpatient clinic visit); time to last visit; time to the
main follow-up landmarks (remission, progression to
Kidney International Reports (2022) 7, 823–830
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ESKD, death); information on treatment (corticosteroid,
other immunosuppressive drugs, renin-angiotensin
system blockers). The following laboratory tests at
presentation and during follow-up were also retrieved:
blood cell counts, serum creatinine, eGFR measured
with CKD epidemiology collaboration, serum albumin,
24-hour proteinuria, urinary sediment, and albumin.

International IgAN Prediction Tool

The International IgAN Prediction Tool in adults was
used to calculate the risk of 50% decline in eGFR or
progression to end-stage renal disease at 5 years after
renal biopsy. The risk equations were derived in a
multiethnic international cohort of 2781 patients with
biopsy proven idiopathic IgAN.4

Renal Survival

The main end point of the study was progression to
ESKD, defined as an eGFR <15 ml/min per 1.73 m2, the
need for dialysis or pre-emptive kidney transplantation.

Statistical Analysis

Continuous variables were summarized as mean and SD
or median and interquartile range (IQR). Categorical
variables were described by proportions and compared
using the c2 test or the Fisher exact test when appli-
cable. Comparisons between groups were made using
the t test for 2 independent samples and the Mann–
Whitney U test for non-normal samples. Kaplan–
Meier estimates were used for renal survival by inter-
stitial fibrosis and tubular atrophy. The association
between progression to ESKD at the 3-year landmark
and either density of lymphatic vessels or the Oxford
MEST score was evaluated by multivariable logistic
regression and expressed as odd ratio (OR) and its 95%
CI. Statistical analyses were performed with Stata
software, version 11 (www.stata.com), and GraphPad
Prism, version 7.0 (GraphPad Software, San Diego, CA).
The significance level was fixed at 0.05.

RESULTS

Baseline Clinical Characteristics

There were 125 patients with IgAN who were retrieved
from our records, of whom 49 cases were excluded
owing to nonfulfillment of inclusion criteria or because
of missing data (criteria were very strict to ensure the
quality of the data of this proof concept study). A total
of 76 patients were finally included in the analysis. The
mean age was 41 years (30–49 years), 68 were Cauca-
sians and 8 Asiatic, and 48 were males (74%). At pre-
sentation, 25 patients (33%) had arterial hypertension,
the mean proteinuria was 1.3 g/d, 68 (89%) were on
treatment with renin–angiotensin system blockade
agents, and 16 (21%) were receiving corticosteroids.
Kidney International Reports (2022) 7, 823–830
Correlation Between the Density of Lymphatic

Vessels and Other Histopathologic Features

The median density of lymphatic vessels per mm2 of
biopsy was 2.8 (IQR: 1.0–5.5) and occupied a median of
0.4% (IQR: 0.2–0.7) of the examined area. There was a
strong correlation between density and area of
lymphatic vessels (R2 ¼ 0.87, P < 0.001;
Supplementary Figure S1). Figure 1a–d reveals photo-
micrographs of renal biopsies stained with D2-40
(lymphatic vessels).

Table 1 summarizes the correlation between density
of lymphatic vessels and other histopathologic features.
The density of lymphatic vessels was significantly
higher in patients with mesangial hypercellularity
>50%, segmental sclerosis, and higher degrees of
interstitial fibrosis/tubular atrophy.

To further investigate the clinical and prognostic
features associated with the density of lymphatic ves-
sels, we categorized density as$8 vessels per mm2 (n ¼
11) or lower (n ¼ 65). We relied on receiver operating
characteristics curve analysis to select the optimum
density value at approximately the 0.75 percentile
(Supplementary Figure S2).

Clinical Characteristics at the Time of Renal

Biopsy According to the Density of Lymphatic

Vessels

Table 2 summarizes the main clinical characteristics at
the time of renal biopsy according to the density of
lymphatic vessels. Patients with more lymphatic ves-
sels had significantly higher values of proteinuria and
lower eGFR. There were no significant differences be-
tween both groups in the incidence of comorbidities or
microscopic hematuria.

Clinical Outcomes According to the Density of

Lymphatic Vessels

After a median follow-up of 2.5 years (IQR: 1.1–3.3), 12
patients had progressed to ESKD and 3 patients had
died (2 in ESKD). Median survival was not achieved,
and the estimated survival at 6 years from the biopsy
was 90% (95% CI: 73–97).

A density of lymphatic vessels $ 8 per mm2 was
associated with a significantly higher rate of progres-
sion to ESKD (log-rank test P ¼ 0.01; Figure 2). At 3
years from biopsy, the progression rate to ESKD was
7% in patients with density values <8 per mm2 versus
53% in patients with values $8 per mm2.

Correlation Between Density of Lymphatic

Vessels and the International IgAN Prediction

Score

In the whole series of 76 patients with IgAN, the pre-
diction score ranged from 0.18 to 60.0 with a median of
825
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Figure 1. Photomicrographs of renal biopsies stained with D2-40 (lymphatic vessels). Superior panels reveal measurements of areas of the
lymphatic vessels (a and b). Inferior panels reveal examples of <8 lymphatics and >8 lymphatics (c and d, respectively).
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8.8. Patients with a high density of lymphatic vessels
($8 per mm2) scored significantly higher (median: 25.7,
IQR: 11.2–34.9) than patients with lower density (me-
dian: 6.0, IQR: 2.6–15.3, P ¼ 0.003; Figure 3).
The Density of Lymphatic Vessels and

International IgAN Prediction Score as

Predictors of Progression to ESKD

On the basis of the profile of progression to ESKD
found in Figure 2, we investigated whether a high
density of lymphatic vessels can refine the prognostic
significance of the international score to predict early
progression to ESKD. After excluding patients who did
not progress and were followed by <3 years, both the
Table 1. Association between density of lymphatic vessels and
other histopathologic features in 76 patients with IgA nephropathy

Histopathologic feature
No. of
patients

Density of lymphatic
vessels

(number per mm2) P

Mesangial hypercellularity

<50% 40 2.0 (0.7–4.6) 0.03

$50% 36 3.4 (1.8–6.2)

Segmental sclerosis

No 56 2.3 (1.1–4.3) 0.01

Yes 20 4.6 (2.3–8.7)

Endocapillary hypercellularity

No 31 2.2 (1.1–4.4) 0.08

Yes 45 3.4 (1.2–8.0)

Interstitial fibrosis—tubular
atrophy

<25% 40 1.9 (0.7–4.3) 0.007

25%–50% 19 3.1 (1.3–7.5)

>50% 17 4.8 (2.2–9.3)

826
score (OR: 1.12, 95% CI: 1.03–1.22, P ¼ 0.008) and
density of lymphatics $ 8 per mm2 (OR: 26, 95% CI:
3.4–195, P ¼ 0.002) were individually associated with a
higher risk of progression within the first 3 years of
follow-up. At the multivariable logistic regression,
high density of lymphatic vessels ($8 per mm2)
remained significantly associated with a higher rate of
early progression to ESKD (OR: 10.5, 95% CI: 1.1–96.6,
P ¼ 0.03), even after adjustment for the score (OR: 1.0,
95% CI: 0.9–1.2; P ¼ 0.05).

DISCUSSION

Here, we describe the clinical characteristics, outcomes,
and the relation of renal lymphangiogenesis with the
progression of the disease of an observational cohort of
patients with IgAN. There are several major findings in
this study. First, the density of lymphatic vessels was
significantly higher in patients with IgAN with
mesangial hypercellularity >50%, segmental sclerosis,
higher degrees of interstitial fibrosis, and tubular at-
rophy. Second, patients with more lymphatic vessels
had significantly greater values of proteinuria and
lower eGFR. Third, the density of lymphatic vessels$8
per mm2 was associated with a significantly higher rate
of progression to ESKD at 3 years from biopsy. Finally,
after adjustment for the International IgAN prediction
score, at the multivariate logistic regression, high
density of lymphatic vessels ($8 per mm2) remained
significantly associated with a higher rate of early
progression to ESKD.

It is not known with certainty whether there is a
point of no return in IgAN, but most studies suggest
Kidney International Reports (2022) 7, 823–830



Table 2. Clinical features at the time of renal biopsy according to the density of lymphatic vessels in 76 patients with IgA nephropathy

Feature Total
Density of lymphatic
vessels <8 per mm2 ‡8 per mm2 P

Age, yra 41 (30–49) 41 (30–52) 32 (27–48) 0.36

Sex, males/females 48 (74%)/17 42 (78%)/12 6(55%)/5 0.11

Comorbidities

Hypertension 25 (33%) 21 (32%) 4 (36%) 0.79

Diabetes 3 (4%) 3 (5%) 0 0.47

Hepatic cirrhosis 6 (8%) 6 (9%) 0 0.29

Other 19 (25%) 15 (23%) 4 (36%) 0.55

Hematuria 62 (85%) 52 (84%) 10 (91%) 0.55

Proteinuria, g/24 ha 1.3 (0.5–2.2) 1.2 (0.4–1.8) 3.5 (2–4) <0.001

Proteinuria > 3.5 g/24 h 9 (12%) 3 (5%) 6 (55%) <0.001

Creatinine, mg/dla 1.2 (0.9–2.0) 1.1 (0.9–1.6) 2.8 (1.0–4.0) 0.01

eGFR, ml/min 60 (33–87) 64 (42–90) 26 (17–59) 0.008

RAS inhibition 68 (89%) 58 (94%) 10 (91%) 0.5

Steroids 16 (21%) 12 (19%) 4 (36%) 0.5

eGFR, estimated glomerular filtration rate; RAS, renin-angiotensin system.
aMedian (interquartile range).

Figure 2. International score according to density of lymphatic
vessels in renal biopsy of patients with IgA nephropathy.
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that progression to ESKD is inexorable once the eGFR
falls <20 to 30 ml/min per 1.73 m2 in the presence of
advanced chronic changes in the renal biopsy.12,13

Establishing a reliable chronicity index that stratifies
the appearance of interstitial fibrosis and tubular at-
rophy from preliminary stages is an urgent need in this
complex glomerular disease.3 The field of risk stratifi-
cation in IgAN has been optimized by the recent vali-
dation of a new international risk-prediction tool in
large, multiethnic cohorts from the International IgA
Network. This tool can predict the kidney-specific end
points of a 50% decline in kidney function or ESKD
with a quite reasonable accuracy in large cohorts, but
the utility at the individual patient level has yet to be
confirmed in the long term.14

Structural changes to the vasculature are a promi-
nent feature of CKD. Although peritubular capillaries
undergo rarefaction, potentially triggering interstitial
hypoxia and generating a profibrogenic environment
within diseased kidney15; renal lymphatics proliferate
and sprout, giving rise to new vessels in a process
termed lymphangiogenesis.16 It has been previously
described in murine models of CKD and in clinical cases
of IgAN, focal glomerulosclerosis, lupus nephritis,
antineutrophil cytoplasmic autoantibody–related GN,
diabetic kidney disease, and chronic interstitial
nephritis, with disease ranging from moderate CKD to
ESKD, that the cross-sectional area of lymphatics was
significantly greater than in nondiseased kidneys.17–19

The results reported here not only confirmed these
preliminary observations in a whole cohort of patients
with IgAN if not, they represent, to the best of our
knowledge, the first study that identifies a cutoff point
of 8 lymphatic vessels/mm2 as a risk factor for rapid
progression to ESKD, indicating the density of
lymphatic vessels in the renal biopsy of patients with
Kidney International Reports (2022) 7, 823–830
IgAN may become a new surrogate marker to optimize
the personalized stratification of chronic damage and
the risk of progression to ESKD. Moreover, using the
international risk score, with the predictive values of
the Oxford subgrouping and lymphatic density, we
found a higher risk of progression at 3 years, being an
additional tool for making therapeutic decisions at the
time of diagnosis of IgAN.

From our point of view, conducting this proof-of-
concept study in IgAN was a priority because it is
the most common primary glomerular disease. Never-
theless, soon, it may be used in the study of CKD
associated with other nephropathies because higher
lymphatic density may be a common pathway, found
in kidney fibrosis.

Unfortunately, we still do not have any specific
treatment for patients diagnosed with having IgAN,
after deposition of IgA1-containing circulating immune
complexes, there is an inflammatory response
827



Figure 3. Risk of progression to ESKD according to the density of
lymphatic vessels in the renal biopsy of patients with IgA ne-
phropathy. ESKD, end-stage kidney disease.
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characterized by the infiltration of immune cells with
the objective of controlling the damage and recovering
tissue functionality. Nevertheless, as nephron endow-
ment is limited, and kidneys are unable to generate
new nephrons, ongoing inflammation or repeated epi-
sodes of kidney injury will lead to further nephron loss
that is associated with the development of cell senes-
cence and kidney fibrosis.20,21

Currently, evidence has confirmed that the clinical
parameters of poor prognosis in IgAN have a lower
weight when histologic lesions are well characterized.22

The density of lymphatic vessels may also be evaluated
in the near future in follow-up biopsies to establish its
potential role as a marker of treatment response, evalu-
ating the ability to halt the progression of renalfibrosis of
classic drugs, such as blockers of the renin-angiotensin-
aldosterone axis, and of new molecules, such as sodium-
glucose cotransporter-2 inhibitors. Owing to the recent
published prespecified analysis of the DAPA-CKD trial,
which revealed the effects of dapagliflozin on major
adverse kidney events in patients with IgAN, it will also
be especially attractive to analyze the role of sodium-
glucose cotransporter-2 inhibitors owing to its multiple
renal effects, not only avoiding proteinuria because of
hemodynamic effect (control of glomerular hyperten-
sion) but also affecting metabolic stress and inflamma-
tion, thus breaking the vicious circle of inflammation,
fibrosis, and lymphangiogenesis.23

Recently, the TESTING study revealed that patients
with IgAN and proteinuria >1 g/d can benefit from
long-term use of corticosteroids in nuanced doses.
Adding new predictive markers for ESKD, such as
density of lymphatics vessels, is of great relevance to
better characterize the group of patients in whom the
risk of exposure to steroids is well balanced with
respect to the clinical benefit.24
828
This highlights the importance of renal biopsy not
only for diagnosis but also to enable individualized
treatment to be administered to patients with IgAN.

From another point of view, the kidney contains a
network of lymphatic vessels that clear fluid, small
molecules, and cells from the renal interstitium and are
implicated in renal disease, but their function in in-
flammatory kidney diseases, such as IgAN, is poorly
defined. Studies of lymphangiogenesis in develop-
ment25 or pathology have identified a plethora of
growth factors that promote or inhibit lymphatic vessel
growth. Of those studied in the kidney, vascular
endothelial growth factor (VEGF)-C and VEGF-D are
central for lymphangiogenesis in renal disease. These
growth factors predominantly trigger lymphangio-
genesis by activation of VEGF receptor-3, but VEGF-C
can also act by VEGF receptor-2 to stimulate
lymphatic endothelial cells and blood vessel prolifera-
tion and migration.26 VEGF-C is highly expressed by
macrophages in the rat remnant kidney,27 murine
unilateral ureteral obstruction, human biopsies of
IgAN, DKD36, and chronic allograft rejection.28

Thus, to determine how to target lymphatic vessels
may have an impact in the treatment and prevention of
CKD in IgAN. Structural changes to renal lymphatics
are not evident in murine or human AKI. Nevertheless,
the possibility that renal lymphatics are altered at the
molecular or functional level in acute nephropathy,
and whether these can be exploited to prevent the
transition from AKI to CKD, warrants further study.
The mechanisms of action of prolymphangiogenic or
antilymphangiogenic factors to prevent fibrotic
remodeling in preclinical models of CKD, whether
through clearing inflammatory cells, modulating fac-
tors secreted by lymphatic endothelial cell, effects on
the blood vasculature through VEGF receptor-2 acti-
vation, or consequences on other cells in the fibrotic
environments are yet to be elucidated. Kasinath et al.29

have evaluated the role of the kidney-draining lymph
node in experimental GN, including the role of fibro-
blastic reticular cells within the lymph nodes.
Removing the kidney-draining lymph nodes before the
induction of GN attenuated disease, as did in-
terventions that affected the function of lymph nodes
in general.

In IgAN, tubular atrophy and interstitial fibrosis
may be induced by filtration of proteins to the tubular
lumen and enhanced tubular reabsorption of proteins
induces synthesis of proinflammatory and profibrotic
factors, which drive kidney damage. Lymphatics in
these areas might function to drain the misdirected
filtrated fluid into the tubulointerstitial area, and in
animal models, the distribution of lymphatic vessels
was restricted around the affected nephron. Moreover,
Kidney International Reports (2022) 7, 823–830
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misdirected tubular fluid filtration into the peri-
glomerular space appears to enhance periglomerular
fibrosis and lymphangiogenesis.18,21

Some limitations should be acknowledged. First,
owing to the observational and retrospective nature of
the study, no causal relationships can be established.
Second, treatment-related adverse events were not
collected. Third, there is absence of a replication
cohort. Despite these limitations, this study further
contributes to the understanding of the natural history
of the progression to CKD in patients with IgAN
revealing the density of lymphatic vessels may opti-
mize the prognostic value of the international IgA
predicting tool to calculate the risk of ESKD at 3 years.
Prospective studies, which ideally include control bi-
opsy, are warranted to confirm these findings.

In conclusion, patients with a higher density of
lymphatics ($8 per mm2) progress faster to ESKD, and
this effect of early progression is maintained after
adjusting for the IgAN international score. This study
identifies new surrogate measures of kidney outcomes
and opens new ways for the improvement of ESKD
prediction of patients with IgAN. This may decrease
the cost and complexity of clinical trials in IgAN,
thereby favoring the evaluation of new therapies.
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Figure S1. Correlation between density and area of
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Figure S2. Receiver-operator characteristics (ROC) curves
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