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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.1 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.2–4 
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.5

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 SLC5A2), 
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).6 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 SLC5A2 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 
SLC5A2 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 
SLC5A2 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)-α and the tricarbox-
ylic acid (TCA) cycle (figure 1F and online supplemental 
table 3). Glomerular SLC5A2 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.2–4 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).
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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 µm). 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 log2 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 log2 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 nephritis are shown by 
heatmap reflecting mean values of Spearman’s ρ, circle size represents significance level. (E) Median centred log2 mRNA expression levels of SLC5A2 
in microdissected tubulointerstitial (healthy controls: n=31, diabetic nephropathy: n=17, IgAN: n=25, renal vasculitis: n=21, lupus nephritis: 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-Šídák 
test (*p<0.05, **p<0.01, ***p<0.001, #not significant). (F) Entities -log10 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≤0.001). Tubulointerstitial SLC5A2 mRNA expression levels are associated with enrichment of genes predominantly involved in lipid metabolism by 
peroxisome proliferator- activated receptor (PPAR)-α and the tricarboxylic acid (TCA) cycle, glomerular SLC5A2 correlated with protein and fatty acid 
metabolism .
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Table 1 Baseline characteristics of patients with SS treated by baricitinib

No Gender Age
SS course 
(year)

Previous 
treatment

Systemic 
involvement in 
ESSDAI

Clinical evaluation Laboratory parameters

ESSDAI ESSPRI PGA
IgG 
(<17 g/L)

ESR 
(<20 mm/
hour) WCC HGB Anti- SSA Anti- SSB

1 F 49 9.3 IGU Articular, glandular 
swelling, anaemia

15 7.3 2.5 25.45 74 5.74 95 (+） (+）

2 F 34 1 None Weight loss, 
cytopenia

6 7.2 1.5 17.15 13 2.64 128 (+） (−）

3 F 34 9.1 Pred, HCQ Weight loss, 
cytopenia, anaemia

8 4.2 2 16.43 121 2.34 96 (+） (+）

4 F 60 2 None Weight loss, 
cutaneous

10 4.3 1.8 18.18 46 4.65 118 (+） (+）

5 F 63 10 None Fever, glandular 
swelling, pulmonary, 
anaemia

19 4.7 2.8 29.09 90 5.31 108 (+） (−）

6 F 44 1.3 HCQ Articular, cytopenia 6 2 1.5 12.17 3 2.83 129 (+） (−）
7 F 41 0.5 HCQ Cutaneous 11 3.7 1.8 22.69 18 4.08 129 (+） (−）
8 F 23 2 Pred, HCQ Weight loss, 

cytopenia
6 3 1.3 18.11 12 2.76 118 (+） (+）

9 F 32 10 IGU, LEF Pulmonary 7 5.3 2 21.58 20 3.39 126 (+） (+）
10 F 40 2 HCQ Cutaneous, 

cytopenia
5 1.3 1.4 13.59 25 2.83 122 (+） (−）

11 F 50 1.8 Pred, MTX Fever, articular, 
pulmonary

10 5 2.2 16.76 40 8.92 127 (+） (−）

ESR, erythrocyte sedimentation rate; ESSDAI, EULAR SS Disease Activity Index; ESSPRI, EULAR SS Patient Reported Index; HCQ, hydroxychloroquine; HGB, haemoglobin; IGU, iguratimod; LEF, leflunomide; MTX, methotrexate; PGA, physician global 
assessment; Pred, prednisone; SS, Sjogren syndrome; WCC, white cell count.
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Pilot study of baricitinib for active 
Sjogren’s syndrome

Sjogren’s syndrome (SS) is a systemic autoimmune disease 
involving not only the exocrine glands, but also multiple systems 
such as kidney, lung or nervous system. Janus kinase (JAK) plays 
a key role in many signal pathways of cytokines involving the 
pathogenesis of SS, including type I interferon (IFN) pathway, 
interleukin (IL)- 6, IL- 17, IL- 12 and IL- 23.1 Baricitinib, a 
selective JAK1 and JAK2 inhibitor, has reliable therapeutic 
benefit in patients with rheumatoid arthritis (RA).2 There 
were also some clinical trials and case reports of baric-
itinib in other autoimmune diseases, including systemic 
lupus erythematosus (SLE),3 dermatomyositis, polymyalgia 
rheumatica and giant cell arteritis.1 So far, only one basic 
study demonstrated baricitinib suppressed IFN-γ-induced 
CXCL10 expression in human salivary gland ductal cells 
and suggested its potential for the treatment of SS.4 There is 
no clinical evidence of baricitinib in SS.

In this pilot study, we explored the efficacy and safety 
of baricitinib in active SS patients. We enrolled 11 patients 
(table 1) fulfilling the criteria of the 2016 American College 
of Rheumatology/European League Against Rheumatism 
(EULAR) classification for primary SS,5 with moderate or 
high disease activity, which was defined as EULAR primary 
SS Disease Activity Index (ESSDAI) ≥5.6 The ESSDAI, 
EULAR primary SS Patient Reported Index (ESSPRI), Physi-
cian Global Assessment (PGA) scores, serological activity 
including erythrocyte sedimentation rate (ESR) and IgG 
level and remission of organ manifestations were evaluated. 
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