Comparative analysis of SGLT-2 expression in
renal vasculitis and lupus nephritis

The nephroprotective efficacy of sodium-glucose cotransport-
er-2 (SGLT-2) inhibitors (SGLT-2i) in patients with chronic
kidney disease, with or without type 2 diabetes, has already been
described.! Although patients with autoimmune diseases
were excluded from large renal outcome trials, the use of
SGLT-2i in antineutrophil cytoplasmic antibody-associated
vasculitis (AAV) and systemic lupus erythematodes (SLE)
for nephroprotection has increasingly been emphasised.”™
While SGLT-2 was studied in diabetic nephropathy and IgA
nephropathy (IgAN), the presence of SGLT-2 specifically in
renal vasculitis and lupus nephritis has not been described
yet.?

In renal vasculitis and lupus nephritis, SGLT-2 was detect-
able and predominantly localised to the tubulointerstitial
as compared with the glomerular compartment (figure 1A).
For comparative analysis, we next extracted transcriptome
data sets for SGLT-2 expression (encoded by SLCS5A2),
specifically from microdissected tubulointerstitial (31
healthy controls, 17 with diabetic nephropathy, 25 with
IgAN, 21 with renal vasculitis and 32 with lupus nephritis)
and glomerular compartments (21 healthy controls, 12 with
diabetic nephropathy, 27 with IgAN, 23 with renal vasculitis
and 32 with lupus nephritis, www.nephroseq.org, January
2022, University of Michigan, Ann Arbor, Michigan, online
supplemental tables 1 and 2).° In renal vasculitis and lupus
nephritis, tubulointerstitial SLC5A2 mRNA expression
was significantly higher as compared with the glomerular
compartment (p<0.0001, figure 1B), with no sex differ-
ences for tubulointerstitial (p=0.7) or glomerular SLC5A2
expression (p=0.4, figure 1C). Interestingly, kidney func-
tion positively correlated with particularly tubulointersti-
tial SLCSA2 mRNA expression in renal vasculitis and lupus
nephritis (figure 1D and online supplemental figure 1A,B).
Compared with healthy control kidneys, a significant reduc-
tion of tubulointerstitial SLC5A2 mRNA expression levels
was detectable in diabetic nephropathy (p=0.01), while
IgAN, renal vasculitis and lupus nephritis did not signifi-
cantly differ (p=0.6 for all comparisons, figure 1E and
online supplemental figure 2A). In contrast, glomerular
SLCS5A2 was significantly reduced in diabetic nephropathy
(p=0.0005), IgAN (p=0.0003), renal vasculitis and lupus
nephritis (p<0.0001 for both comparisons, figure 1E).
Interestingly, no association between kidney function and
SLCSA2 was observed in diabetic nephropathy and IgAN
(online supplemental figure 3A,B). Gene set enrichment
analysis in the whole data set (including 201 tubulointer-
stitial and 199 glomerular compartments) linking SLC5A2
expression to potential signalling pathways revealed posi-
tive associations with lipid metabolism by peroxisome
proliferator-activated receptor (PPAR)-o and the tricarbox-
ylic acid (TCA) cycle (figure 1F and online supplemental
table 3). Glomerular SLCSA2 mRNA expression correlated

with protein and fatty acid metabolism (figure 1F and online
supplemental table 4).

In summary, this comparative analysis revealed predomi-
nant tubulointerstitial expression of SGLT-2 in renal vascu-
litis and lupus nephritis. Moreover, worse kidney function
correlated with loss of tubulointerstitial SGLT-2 expres-
sion particularly in renal vasculitis and lupus nephritis.
Therefore, nephroprotection by SGLT-2i could be effec-
tive especially once the initial phase of remission induc-
tion in renal vasculitis and lupus nephritis is achieved and
kidney function stabilised. Finally, this is the first report
linking SGLT-2 to distinct metabolic signalling pathways
in the kidney that could also be relevant for autoimmune
diseases including AAV and SLE. In general, management
of renal complications in AAV and SLE involves immuno-
suppressive and anti-inflammatory treatment, and also an
approach towards nephroprotection and cardiovascular
risk reduction.””* SGLT-2i exerts unequivocal nephropro-
tective effects by reducing glomerular hyperfiltration and
albuminuria, tubular injury, loss of kidney function and
incidence of acute kidney injury. These effects suggest that
SGLT-2i is an ideal therapeutic approach also for patients
with AAV and SLE, especially when renal and cardiac
complications already manifested. Because of limited
information about treatment at time of kidney biopsy or
detailed histopathology in the current study, we emphasise
future studies regarding SGLT-2, particularly in autoim-
mune diseases with renal involvement (including AAV and
SLE).

Samy Hakroush,' Desiree Tampe,? Ingmar Alexander Kluge,' Eva Baier,
Peter Korsten © ,2 Bjorn Tampe © 2

"Institute of Pathology, University Medical Center Gttingen, Gottingen, Germany
“Department of Nephrology and Rheumatology, University Medical Center
Géttingen, Gottingen, Germany

Correspondence to Dr Bjorn Tampe, Department of Nephrology and
Rheumatology, University Medical Center Géttingen, Géttingen 37075, Germany;
bjoern.tampe@med.uni-goettingen.de

Handling editor Josef S Smolen
Twitter Peter Korsten @pekor002

Contributors BT conceived the letter, analysed data and wrote the manuscript. SH
and IAK performed histological analysis, PK provided samples of lupus nephritis. DT
and EB performed gene set enrichment analysis. All authors reviewed and approved
the manuscript’s content before submission.

Funding This research was funded by the Research program, University Medical
Center, University of Gottingen, grant number 1403720. We also acknowledge
support by the Open Access Publication Funds of the Géttingen University.

Competing interests None declared.
Patient consent for publication Not applicable.

Ethics approval This study involves human participants and was conducted
according to the guidelines of the Declaration of Helsinki, and approved by the
Institutional Review Board of the University Medical Center Gottingen, Germany
(28/9/17). Additional data were extracted from Nephroseq Research Edition (Ann
Arbor, MI: University of Michigan; available from: https://www.nephroseq.org/).
Participants gave informed consent to participate in the study before taking part.

Provenance and peer review Not commissioned; externally peer reviewed.

Supplemental material This content has been supplied by the author(s). It

has not been vetted by BMJ Publishing Group Limited (BMJ) and may not have
been peer-reviewed. Any opinions or recommendations discussed are solely those
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.

1048

Ann Rheum Dis July 2022 Vol 81 No 7

"yBuAdoo Aq paloalold 1sanb Aq +20z ‘9T |udy uo jwod g ple//:dny woiy papeojumod ‘2zoz Aenigad GZ Uo /9T2zZ2Z-2202Z-SIpwnayiuue/osTT 0T St paysiignd 1siy :SIQ wnayy uuy


http://dx.doi.org/10.1182/blood-2011-01-331462
http://dx.doi.org/10.1136/annrheumdis-2012-202893
www.nephroseq.org
https://dx.doi.org/10.1136/annrheumdis-2022-222115
https://dx.doi.org/10.1136/annrheumdis-2022-222115
https://dx.doi.org/10.1136/annrheumdis-2022-222115
https://dx.doi.org/10.1136/annrheumdis-2022-222115
https://dx.doi.org/10.1136/annrheumdis-2022-222115
https://dx.doi.org/10.1136/annrheumdis-2022-222115
https://dx.doi.org/10.1136/annrheumdis-2022-222115
https://dx.doi.org/10.1136/annrheumdis-2022-222115
https://dx.doi.org/10.1136/annrheumdis-2022-222115
http://orcid.org/0000-0001-6065-5680
http://orcid.org/0000-0002-4357-9863
https://twitter.com/pekor002
https://www.nephroseq.org/
http://ard.bmj.com/

A B Cc

[ SGLT-2 nuclei | Tubulointerstitial Glomerular
R 5.04

fim
o
T

ANCA GN

Median-centered log, SLC5A2
mRNA expression
Median-centered log, SLC5A2
mRNA expression

Lupus nephritis

O
m

Spearman's p Glomerular

Eiol 59 -
» 3
£ | SLC5A2 9
" =3 17 S
[=% G
2 Age| O || O 22 ’ﬁ"m
%] 90 .
2 o a .
S| Wweight| O || O | © p20.05 3
2 £<
= |Creatinine O O | @ p<0.05 ] E
2 § E
®© .
2| e O O|© poo1 3
[ -4
& BuN| Q|| © | p<0.001

> 3
k§ z,@\{b
\Q@ \06‘
&0
.\\)v
F
Tubulointerstitial 0 Glomerular 0

Protein localization

Metabolism

Peroxisomal protein import

TCA cycle and respiratory electron transport|
Respiratory electron transport

ATP synthesis, heat production by uncoupling proteins,
PPARA activates gene expression

Metabolism

Metabolism of amino acids and derivatives
Biological oxidations

Peroxisomal protein import,

Drug ADME

Transport of small molecules:

Protein localization

gl of lipid by PP pt Phase | - Functionalization of voompmvm‘ds
Mitochondrial translation elongation Metabolism of lipids
TCA cycle Metallothioneins bind metals

SLC-mediated transmembrane transport

Transport of bile salts, metal ions, amine compounds
Fatty acid metabolism:

Aspirin ADME

Response to metal ions

Fatty acids

Vitamin D (calciferol) metabolism

Retinoid metabolism and transport|

Synthesis of ketone bodies'

PPARA activates gene expression

Mitochondrial translation termination
Mitochondrial translation
Mitochondrial translation initiation
Metabolism of amino acids and derivatives|
Pyruvate metabolism and TCA cycle|

B hed-chain amino acid
Metabolism of vitamins and cofactors
Metabolism of lipids
Gluconeogenesis |

and glycine ion of lipid lism by pl
Mitochondrial biogenesis | Ethanol oxidation’
Mitochondrial protein import| Gluconeogenesis

Complex | biogenesis
Fatty acid metabolism
Mitochondrial fatty acid beta-oxidation

Pyruvate metabolism and TCA cycle!
Ketone body metabolism
Metabolism of fat-soluble vitamins

Figure 1 Comparative analysis of SGLT-2 expression in renal vasculitis and lupus nephritis. (A) Immunostaining for SGLT-2 in renal vasculitis
(ANCA GN) and lupus nephritis, counterstaining was performed by using hematoxylin (scale bars 100 pm). SGLT-2 was detectable and predominantly
localised to the luminal brush border of the proximal tubule of the renal cortex in renal vasculitis and lupus nephritis. (B) Direct comparison between
tubulointerstitial and glomerular SLC5A2 mRNA expression in renal vasculitis (tubulointerstitial: n=21, glomerular: n=23) and lupus nephritis
(tubulointerstitial: n=32, glomerular: n=32). In renal vasculitis and lupus nephritis, tubulointerstitial SLC5A2 mRNA expression was significantly higher
as compared with the glomerular compartment. Median centred log, mRNA expression levels are shown, comparison of groups was performed using
unpaired t test (****p<0.0001). (C) No significant sex differences in SLC5A2 mRNA expression in microdissected tubulointerstitial (female: n=34,
male: n=19) and glomerular compartments (female: n=35, male: n=20) of renal vasculitis and lupus nephritis. Median centred log, mRNA expression
levels are shown, comparison of groups was performed using unpaired t test (*not significant). (D) Correlations between tubulointerstitial and
glomerular SLC5A2 mRNA expression levels, clinical and laboratory markers of kidney function in renal vasculitis and lupus nepbhritis are shown by
heatmap reflecting mean values of Spearman'’s p, circle size represents significance level. (E) Median centred log, mRNA expression levels of SLC5A2
in microdissected tubulointerstitial (healthy controls: n=31, diabetic nephropathy: n=17, IgAN: n=25, renal vasculitis: n=21, lupus nepbhritis: n=32)
and glomerular compartments (healthy controls: n=21, diabetic nephropathy: n=12, IgAN: n=27, renal vasculitis: n=23, lupus nephritis: n=32) are
shown. Comparisons of groups were performed using one-way analysis of variance (ANOVA) and correction for multiple comparisons by Holm-Sidak
test (*p<0.05, **p<0.01, ***p<0.001, *not significant). (F) Entities -log,, p values of signalling pathways separated for gene enrichment associated
with either tubulointerstitial or glomerular SLC5A2 mRNA expression are shown (the dotted lines correspond to the predefined threshold value of
p<0.007). Tubulointerstitial SLC5A2 mRNA expression levels are associated with enrichment of genes predominantly involved in lipid metabolism by
peroxisome proliferator-activated receptor (PPAR)-o. and the tricarboxylic acid (TCA) cycle, glomerular SLC5A2 correlated with protein and fatty acid
metabolism .
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