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Urinary soluble CD90 predicts renal prognosis in patients with 
diabetic kidney disease
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Background: Diabetic kidney disease (DKD), the major cause of chronic kidney disease, is associated with 
progressive renal fibrosis. The expression of CD90 correlated with fibrogenesis. However, the association 
between urinary soluble CD90 and renal disease severity, and whether it predicts outcomes in patients with 
DKD are still unclear.
Methods: Urinary sCD90 was measured in 285 patients with DKD in a longitudinal cohort. The composite 
endpoint was defined as end-stage renal disease (ESRD) or 40% reduction of estimated glomerular filtration 
rate (eGFR). The associations between urinary sCD90/Cr and clinical parameters, as well as renal outcomes 
were evaluated. Moreover, we detected the intrarenal CD90 expression, and demonstrated the correlation of 
intrarenal CD90 with clinico-pathological parameters.
Results: The urinary sCD90 level of DKD patients is significantly higher than diabetes patients without 
kidney injuries and healthy controls. We further showed urinary sCD90/Cr had significantly correlations 
with eGFR (r=−0.373, P<0.001), uACR (r=0.303, P<0.001), serum creatinine (r=0.344, P<0.001), and 
the eGFR slope (r=−0.27, P<0.001). Elevated urinary sCD90/Cr was an independent risk factor for the 
composite endpoint, adjustment for potential confounders in DKD patients (HR 1.20, 95% CI: 1.04–1.38, 
P=0.015). However, the CD90 expression in the renal tubulointerstitial compartment in DKD patients was 
significantly lower than healthy controls, and showed significant negative correlations with the interstitial 
fibrosis and tubular atrophy score (IFTA) (r=−0.3, P=0.047), and urinary sCD90/Cr (r=−0.399, P=0.029).
Conclusions: This study provided evidence that urinary sCD90 could reflect the disease severity and serve 
as a valuable factor for renal outcome prediction in patients with DKD.
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Introduction

Diabetic kidney disease (DKD), the most common 
micro-vascular complication of diabetes mellitus (DM), 

is the leading cause of chronic kidney disease worldwide  

(1-3). It is also the major cause of end-stage renal disease 

(ESRD) (4). DKD originates from metabolic dysregulation. 
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Inflammation, endothelial injuries, fibroblast abnormalities 
and macrophages infiltration further contribute to disease 
progression (5). Based on the key molecular mechanisms 
underlying DKD, discovering novel biomarkers for the 
accurate kidney disease progression prediction is of great 
relevance.

Cluster of differentiation 90 (CD90), also known as 
Thy-1, is a glycosylphosphatidyl-anchored protein of the 
immunoglobulin superfamily. CD90 is mainly expressed 
on the surface of cells, such as mesenchymal stem cells  
(6-10). It is also present as a soluble form (sCD90), which is 
an enzymatically cleaved ectodomain of CD90 (11). CD90 
mediates different kinds of fundamental cellular processes, 
and is involved in the progression of several diseases (12). 
CD90 was reported to play the regulatory role in cell 
differentiation, especially in mesenchymal stromal cells 
(MSCs) and MSC-like cells. These regulatory roles have 
been established both in experimental models and various 
human diseases (7,13,14). In particular, CD90 positive and 
CD90 negative mesenchymal fibroblasts showed different 
potential to differentiate into myofibroblasts and response 
to profibrotic cytokines. Dedifferentiation of tubular 
epithelial cells, perivascular MSC-like cells and pericytes 
contributes to further tubular injuries and renal fibrosis in 
DKD (15). Thus, whether sCD90 is associated with the 
disease severity and renal progression in DKD aroused our 
attention.

In this study, we evaluated the associations of sCD90 
in urine and plasma with clinical parameters, and the 
prognostic value of sCD90 in predicting the progression of 
renal function in DKD. Moreover, the association between 
CD90 expression in kidneys and clinico-pathological 
parameters was assessed in patients with DKD. We present 
the following article in accordance with the STROBE 
reporting checklist (available at http://dx.doi.org/10.21037/
atm-20-6528).

Methods

Patients recruitment

DKD patients were recruited from the C-STRIDE  
cohort (16). Inclusion criteria have been described 
previously (17,18). Complications with other known renal 
diseases were excluded. In total, we enrolled 285 DKD 
patients with regular follow-up to conduct the longitudinal 
study. We also collected urine and plasma samples from 29 
DM patients without kidney injuries from the outpatient 

clinic of the Department of Endocrinology of our hospital. 
Patients with any other disease including connective tissue 
diseases, chronic kidney disease, hepatic dysfunction and 
malignancy, were excluded. In addition, patients who 
were on any concomitant medication other than anti-
hyperglycemic drugs were excluded. Urine and plasma 
samples of 22 age- and sex-matched healthy donors were 
collected. These healthy controls did not have a history of 
hypertension, diabetes, cardiovascular diseases and renal 
diseases. None of them was under medical treatment. 
The blood and urine samples were treated as follows. The 
morning urine samples were pre-treated by centrifuge with 
600 g and 5 min. Then the samples were transferred to the 
−80 ℃ refrigerator for further experimental tests. Blood 
samples in the ethylenediamine tetraacetic acid (EDTA) 
tubes were centrifuged at 3,000 g for 10 min at 4 ℃. Then 
the blood samples were aliquoted and shifted into the  
−80 ℃ refrigerator.

Kidney biopsy samples were obtained from 30 
patients with biopsy-proven DKD in Peking University 
First Hospital during 2017. DKD was diagnosed by 
the characteristic of pathological features, as previously 
described (19). Patients accompanied by other co-existing 
renal diseases were excluded. During the renal biopsy, 
clinical and laboratory data acquisition were accomplished. 
The control  kidney samples (n=8) were from the 
healthy kidney poles of individuals, who received tumor 
nephrectomies without diabetes or other kidney diseases. 
All control kidney samples were confirmed by pathological 
examinations. The study was conducted in accordance 
with the Declaration of Helsinki (as revised in 2013). The 
study was approved by the Ethics Committee of Peking 
University First Hospital (Beijing, China) (No.: 2011[363]; 
2017[1280]) and informed consent was taken from all the 
patients.

The recruitment details were shown in Figure 1.

Renal histopathology

The renal biopsy samples were detected and observed 
under light microscopy, fluorescent microscope and 
electron microscopy. Biopsy samples were evaluated by two 
pathology experts separately. These experts complied with 
the standard protocol for scoring renal biopsies of patients 
with DKD, and gave the final score within the blind 
method. The pathological findings of renal biopsies were 
classified as described previously (20).
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Clinical evaluation

Based on the previous research, estimated glomerular 
filtration rate (eGFR) was calculated (21). According to 
American Diabetes Association criteria, the albuminuria 
categorization status was categorized as described  
previously (22). Subgroup analysis was carried out to 
compare the level of sCD90 in different albuminuria 
statuses. The eGFR slope, and a composite endpoint of 
ESRD or 40% reduction of eGFR, were used to evaluate 
the renal progression of DKD. To estimate eGFR slope, the 

linear regression model was applied with no less than two 
eGFR data.

Detection of sCD90 and membrane-bound CD90

Soluble CD90 in urine and plasma concentration was 
tested with Human CD90 Immunoassay Quantikine 
ELISA following the manufacturer’s instructions (Biomatik, 
Canada). Urinary sCD90 level was normalized to urine 
creatinine concentration, indicated as urinary sCD90/Cr. 
Log2 transformed urinary sCD90/Cr and plasma sCD90 
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(n=43)

Pure DM 

(n=32)

Final participants analysed 

(n=30)

Exclusion:

DM coexisting with other 

renal diseases:
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Insufficient clinical 
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Figure 1 Flowchart for recruitment. (A) Flowchart for C-STRIDE cohort recruitment. (B) Flowchart for biopsy-proven DKD recruitment. 
DKD, diabetic kidney disease; DM, diabetes mellitu.
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were used for all analyses.
To assess the expression of CD90 in kidney, we 

performed immunohistochemistry. Briefly, paraffin-
embedded renal sections were deparaffinized, rehydrated 
and heat mediated antigen retrieval was performed with 
citrate buffer (pH 6.2). Sections were blocked with 3% 
BSA buffer and stained with a monoclonal antibody against 
CD90 (Abcam, Cambridge, MA; 1:200 dilution). The 
stained sections were then incubated with peroxidase-
conjugated secondary antibodies (ZSGB-BIO, China) and 
developed using DAB substrate (Millipore, Bedford, MA, 
USA). Image-Pro Plus was used to quantify the value of 
mean optical density.

Statistical analysis

For continuous variables, mean ± SD was used to express 
normally distributed, and median and interquartile range 
was employed to show non-normally distributed data. 
For categorical variables, data were expressed as absolute 
frequencies or percentages. Log2-transformed was used 
for data normalization. To compare the clinical parameters 
of two groups, an unpaired Student’s t-test or Chi-square 
test was used. For multiple comparisons, one-way analysis 
of variance (ANOVA) followed by Bonferroni correction 
was used. Pearson’s or Spearman’s test was explored for the 
correlation analysis. Cox regression analysis was performed 

to identify independent predictors of composite endpoints. 
Those factors, significantly associated with composite 
endpoints in univariable Cox regression (P<0.05), were 
entered in the multivariable Cox regression model. Results 
were expressed as hazard ratio (HR) with 95% confidence 
interval (CI). Statistical analyses were performed with SPSS 
statistical software (version 24.0; Chicago). The cut-off of  
P value is 0.05.

Results

General data of patients with DKD

Two hundred and eighty-five patients with DKD were enrolled 
from the C-STRIDE cohort. Among them, 160 were male 
and 125 were female, with an age of 58.49±10.44 years at 
sampling. The eGFR and uACR levels in these DKD patients 
were 37.72 (26.40, 49.31) mL/min/1.73 m2 and 727.72 (252.01,  
1,885.22) mg/g, respectively. While in DM patients without 
kidney injuries, eGFR was 116.58±24.01 mL/min/1.73 m2 and 
uACR was 8.66 (5.79, 13.53) mg/g. The demographic and 
laboratory data at baseline are shown in Table 1.

To evaluate the expression of CD90 in renal biopsy 
tissues, we enrolled 30 patients with renal-biopsy confirmed 
DKD. Among these 30 patients, 22 were male and 8 were 
female, with an age of 51.23±9.75 years at the time of renal 
biopsy. Most patients showed moderate to severe renal 

Table 1 General data of patients from C-STRIDE cohort 

Characteristics DKD (n=285) DM (n=29) P value

Age (y) 58.49±10.44 53.45±11.68 0.015

Sex (M/F) 160/125 20/9 0.185

eGFR (mL/min/1.73 m2) 37.72 (26.40, 49.31) 116.58±24.01 <0.001

uACR (mg/g) 727.72 (252.01, 1,885.22) 8.66 (5.79, 13.53) <0.001

Blood glucose (mmol/L) 6.28 (5.07, 7.57) 8.33 (7.70, 10.62) <0.001

HbA1c (%) 6.50 (5.80, 7.40) – –

TC (mmol/L) 4.65 (3.83, 5.57) 5.68±1.07 <0.001

LDL (mmol/L) 2.55 (2.06, 3.44) 3.07±0.78 0.048

HDL (mmol/L) 1.05 (0.85, 1.29) 1.36 (1.28, 1.79) <0.001

TG (mmol/L) 1.78 (1.35, 2.66) 1.39±0.53 <0.001

Plasma sCD90 (log2) 11.49±0.96 8.67±1.18 <0.001

Urinary sCD90/Cr (log2) 8.58±1.66 6.36±1.89 <0.001

DKD, diabetic kidney disease; eGFR, estimated glomerular filtration rate; HbA1c, Hemoglobin A1c; HDL, high density lipoprotein; LDL, low 
density lipoprotein; NA, not available; TC, total cholesterol; TG, total triglyceride; uACR, urine albumin-to-creatinine ratio.
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dysfunction, with an eGFR of 38.07±26.81 mL/min/1.73 m2 and 
proteinuria of 5.57±3.72 g/24 h. The clinical characteristics 
of these patients are listed in Table 2.

The levels of sCD90 in urine and plasma

The level of urinary sCD90/Cr in DKD patients from 
C-STRIDE cohort was significantly higher than that in 
DM patients without kidney injuries and healthy controls 
(8.58±1.66 vs. 6.36±1.89, P<0.001; 8.58±1.66 vs. 7.26±1.77, 
P=0.001, Figure 2). In addition, we divided participants into 
3 groups based on albuminuria status. The level of urinary 
sCD90/Cr in the macroalbuminuria group was significantly 
higher than that in normoalbuminuria group and 

microalbuminuria group (8.78±1.64 vs. 7.92±1.47, P=0.035; 
8.78±1.64 vs. 8.08±1.77, P=0.020). In addition, sCD90/Cr 
levels in patients with renal-biopsy confirmed DKD were 
also significantly higher than those in DM patients without 
renal involvement (9.12±1.56 vs. 6.36±1.89, P<0.001).

The DKD patients had a significantly higher level 
of plasma sCD90 compared with DM patients without 
kidney injuries and healthy controls (11.49±0.96 vs. 
8.67±1.18, P<0.001; 11.49±0.96 vs. 6.84±1.92, P<0.001). 
No significant difference was found in the levels of plasma 
sCD90 among normoalbuminuria, microalbuminuria and 
macroalbuminuria groups of DKD patients.

Associations of urinary sCD90/Cr with clinical parameters

Compared with plasma sCD90, urinary sCD90/Cr 
performed better correlations with clinical parameters in 
patients with DKD from C-STRIDE cohort. To be more 
specific, there were significant correlations between urinary 
sCD90/Cr and eGFR (log2) (r=−0.373, P<0.001), uACR 
(log2) (r=0.303, P<0.001), and serum creatinine (log2) 
(Scr; r=0.344, P<0.001). Besides the associations with renal 
function, urinary sCD90/Cr had mild correlations with 
blood lipid levels, including low density lipoprotein (log2) 
(LDL; r=0.196, P=0.001) and total triglyceride (r=0.209, 
P<0.001). Moreover, the levels of urinary sCD90/Cr in 
patients with renal-biopsy confirmed DKD also significantly 
correlated with eGFR (r=−0.507, P=0.004) and urinary 
protein (r=0.390, P=0.033).

Associations of urinary sCD90/Cr with renal outcomes in 
DKD patients

Next, we investigated the association between urinary 
sCD90/Cr and the annual decline in renal function, 
calculated as eGFR slope from baseline per year. 
We found that the level of urinary sCD90/Cr had a 
significant correlation with the eGFR slope (r=−0.27, 
P<0.001). Patients were divided into two groups based 
on the median level of baseline urinary sCD90/Cr. Renal 
function of patients with higher baseline urinary sCD90/
Cr level progressed significantly faster than patients with 
lower baseline urinary sCD90/Cr level (−0.74±1.40 vs.  
−0.07±1.08 mL/min/1.73 m2 per month, P<0.001). Among 
the 285 patients, 96 patients progressed to ESRD, and a 
total of 121 patients reached the composite endpoint during 
a median follow-up duration of 15 (IQR, 8 to 28.5) months. 
In univariable Cox regression, uACR, baseline eGFR, high 

Table 2 General data of patients with biopsy-proven DKD

Parameters DKD

Number of patients 30

Age (mean ± SD) 51.23±9.75

Sex (M/F) 22/8

Diabetes history (years) (median, IQR) 10 (8, 15)

Type of diabetes (type 1/2) (0/30)

Scr (µmol/L) (median, IQR) 181.98 (121.78, 387.17) 

BUN (mmol/L) (median, IQR) 27.17 (16.67, 32.30)

eGFR (mL/min/1.73 m2) (mean ± SD) 38.07±26.81

Urinary protein (g/24 h) (mean ± SD) 5.57±3.72

Fasting glucose (mmol/L) (median, IQR) 7.27 (6.34, 12.27)

HbA1c (%) (median, IQR) 7.25 (5.78, 8.35)

Total cholesterol (mmol/L) (mean ± SD) 5.21±2.28

Triglycerides (mmol/L) (median, IQR) 1.99 (1.33, 3.37)

HDL-C (mmol/L) (mean ± SD) 1.05±0.31

LDL-C (mmol/L) (mean ± SD) 3.07±1.33

Glomerulosclerosis (%) (mean ± SD) 32.19±24.78

Tubulointerstitial lesions (n)

Interstitial infiltration (−/+/++/+++) 0/2/7/21

IFTA score (grade 0/1/2/3) 0/3/7/20 

BUN, blood urea nitrogen; DKD, diabetic kidney disease; eGFR, 
estimated glomerular filtration rate; HbA1c, hemoglobin A1c; 
HDL-C, high-density lipoprotein cholesterol; IFTA, interstitial 
fibrosis and tubular atrophy; IQR, interquartile range; LDL-C, 
low-density lipoprotein cholesterol; Scr, serum creatinine; SD, 
standard deviation.
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density lipoprotein (HDL), LDL, and plasma sCD90 and 
urinary sCD90/Cr were significantly associated with the 
composite endpoint. Multivariable Cox regression analysis 
(Table 3) showed that urinary sCD90/Cr, but not plasma 
sCD90, was independently associated with the composite 
endpoint, after adjusting for age, sex, baseline eGFR, 
uACR, HDL and LDL.

Immunohistochemical staining of CD90 in renal biopsy 
tissue

Renal  b iops ies  f rom pat ients  with  DKD showed 

significantly less intense staining of CD90 in the 
tubulointerstitium than healthy controls (Figure 3A,B,C). 
However, there was no significant difference in CD90 
levels in the glomeruli between DKD patients and 
healthy controls. The tubulointerstitial CD90 expression 
significantly correlated with Scr (r=−0.559, P=0.001) and 
eGFR (r=0.538, P=0.002) at the time of biopsy. Besides, 
tubulointerstitial CD90 expression showed significant 
correlations with the severity of IFTA (r=−0.3, P=0.047) 
and the percentage of glomerulosclerosis (r=−0.423, 
P=0.02). However, there was no significant correlation 
between tubulointerstitial CD90 expression and interstitial 

A B

Figure 2 Soluble CD90 levels in patients with DKD. (A) The levels of urinary sCD90/Cr in DKD (n=285), DM (n=29) and healthy controls 
(n=22). (B) The levels of plasma sCD90r in DKD, DM and healthy controls. Horizontal lines represent mean ± SD. DKD, diabetic kidney 
disease; DM, diabetes mellitus.

Table 3 Cox regression models for the composite endpoint in DKD patients of C-STRIDE cohort

Independent variable
Unadjusted risk Model 1 Model 2

HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value

Age (y) 0.98 (0.97, 1.00) 0.012 1.00 (0.98, 1.02) 0.857 1.00 (0.98, 1.02) 0.866

Sex (male vs. female) 1.29 (0.90, 1.86) 0.165 1.76 (1.16, 2.65) 0.007 1.95 (1.29, 2.95) 0.002

Baseline eGFR (per mL/min/1.73 m2) 0.98 (0.97, 0.99) <0.001 0.99 (0.98, 1.00) 0.131 1.00 (0.98, 1.01) 0.308

uACR (log2) 1.49 (1.35, 1.64) <0.001 1.42 (1.28, 1.58) <0.001 1.37 (1.23, 1.52) <0.001

Glucose (per mmol/L) 0.94 (0.88, 1.02) 0.127 – – – –

TC (per mmol/L) 1.01 (1.00, 1.02) 0.158 – – – –

HDL (per mmol/L) 1.56 (1.13, 2.14) 0.007 1.52 (1.00, 2.33) 0.052 1.65 (1.10, 2.48) 0.015

LDL (per mmol/L) 1.43 (1.27, 1.61) <0.001 1.22 (1.03, 1.45) 0.021 1.19 (1.01, 1.41) 0.044

TG (per mmol/L) 1.09 (1.00, 1.19) 0.051 – – – –

Plasma sCD90 (log2) 0.82 (0.68, 0.98) 0.029 0.98 (0.81, 1.18) 0.793 – –

Urinary sCD90/Cr (log2) 1.38 (1.23, 1.55) <0.001 – – 1.20 (1.04, 1.38) 0.015

Cr, urine creatinine; DKD, diabetic kidney disease; eGFR, estimated glomerular filtration rate; HDL, high density lipoprotein; LDL, low 
density lipoprotein; TC, total cholesterol; TG, total triglyceride; uACR, urine albumin-to-creatinine ratio.
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inflammation (r=−0.171, P=0.252). Next, we investigated 
the association between CD90 expression in renal biopsy 
and the urinary sCD90/Cr levels. Correlation analyses 
revealed that urinary sCD90/Cr negatively correlated with 
tubulointerstitial CD90 expression (r=−0.399, P=0.029), 
while urinary sCD90/Cr did not correlate with glomerular 
CD90 expression in kidneys (r=−0.320, P=0.084). Intrarenal 
CD90 mRNA expression was extracted from transcriptomic 
data (Figure 4A,B; Nephroseq, University of Michigan, 
Ann Arbor, MI). Consistent with the immunohistochemical 
results, there was a 3.213-fold decrease (P=1.04×10−4) in 
tubulointerstitial CD90 mRNA expression in patients 
with DKD (n=10) as compared with healthy living donors 
(n=12). Tubulointerstitial CD90 mRNA level significantly 
correlated with eGFR (log2) at the time of biopsy 
(r=0.805, P<0.001). In addition, as shown in the single cell  
RNA-seq (23) (Figure 4C,D,E; http://nephrocell.miktmc.
org, August 2020, University of Michigan, Ann Arbor, MI, 
USA), CD90 was highly expressed in proximal tubular cells 
and fibroblasts.

Discussion

CD90, a highly conserved but somewhat mysterious 

molecule, exists in membrane-bound and soluble forms. It 
has been reported that CD90 plays a regulatory role in the 
differentiation of cells, especially in MSCs and MSC-like 
cells (7,13,14). However, the role of CD90 in DKD remains 
largely unknown. Here, we investigated the associations of 
urinary and plasma sCD90 with clinical parameters as well 
as renal outcomes in patients with DKD. In addition, we 
detected the expression of CD90 in the local kidney and 
assessed the association between the expression of CD90 in 
the kidney and clinico-pathological parameters in patients 
with biopsy-proven DKD.

Several studies showed a markedly elevated level of 
sCD90 at the local site compared with the serum of the 
same patient (24,25). In this study, we demonstrated that 
the plasma and urinary levels of sCD90 were significantly 
higher in patients with DKD compared with DM patients 
without kidney involvement and healthy controls. We also 
found that urinary sCD90 had a significant correlation with 
the disease severity of DKD. Cox regression analysis showed 
that male sex, uACR, HDL and LDL were independent 
risk factors for renal progression in patients with DKD, 
which was consistent with previous studies (26-28). More 
importantly, the level of urinary sCD90/Cr, but not plasma 
sCD90, at baseline was associated with the eGFR slope and 

Figure 3 CD90 in renal biopsies from patients with biopsy-proven DKD. (A) Representative images of CD90 staining in human renal 
cortical tissue, in the tubulointerstitium and glomeruli from DKD (n=20) and controls (n=8). 400× magnification. Arrow: CD90. (B) 
Tubulointerstitial CD90 staining in DKD patients was significantly higher than that in controls. (C) Glomerular CD90 staining in DKD 
patients and controls. Horizontal lines represent mean ± SD. DKD, diabetic kidney disease.
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C D
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Figure 4 Bioinformatics analysis of CD90 expression in renal biopsies from patients with DKD and living donors. (A) Tubulointerstitial 
CD90 mRNA is significantly lower in patients with DKD (n=10) in comparison with controls (n=12). Horizontal lines represent mean ± 
SD. (B) Tubulointerstitial CD90 mRNA significantly correlated with eGFR (log2). (C) UMAP plot showing the distribution of the cells 
in the 18 clusters resulted from the clustering of the single cell RNAseq data from living donors biopsies (n=18). (D) UMAP visualization 
of CD90 expression. (E) Violin plot of CD90 expression shows that this gene is highly expressed in PTEC_DTL, FIB, DTL/Glomerular, 
ATL/TAL and PTEC. DKD, diabetic kidney disease; ATL/TAL, ascending thin limb cell and thick ascending limb cell; CNT, connecting 
tubule; DCT, distal convoluted tubule cell; DTL, descending thin limb cell; FIB, fibroblast; IC, intercalated cell; PC, principal cell; PTEC, 
proximal tubule epithelial cell; tPC/IC, transitioning principal cell and intercalated cell; sSMC/MC, vascular smooth muscle cell and 
mesangial cell.
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was an independent predictor for renal outcomes of DKD.
Presumably, sCD90 is shed from the cell surface. In 

order to find the source of sCD90 in urine, we detect the 
expression of CD90 in the kidney. We observed a lower 
CD90 expression in the tubulointerstitial compartment 
of patients with DKD than healthy controls, while 
there was no significant difference in the glomerular 
compartment between DKD patients and healthy controls. 
Tubulointerstitial CD90 expression negatively correlated 
with urinary sCD90/Cr. Moreover, single cell RNA-seq 
showed that CD90 mRNA was highly expressed in proximal 
tubular cells and fibroblasts in living donors. These results 
suggested that the decreased expression of tubulointerstitial 
CD90 may be one of the major sources for the increased 
urinary sCD90 in DKD. Further correlation analyses 
demonstrated that the expression of tubulointerstitial CD90 
significantly correlated with renal function, IFTA scores 
and glomerulosclerosis, but not with interstitial infiltration. 
Several studies demonstrated the role of CD90 in lung 
fibrosis. Loss of CD90 expression in fibroblasts correlated 
with lung fibrogenesis (29). An in vitro study demonstrated 
that profibrotic cytokines could stimulate CD90 fibroblasts, 
resulting in shedding of CD90 from the cell surface and 
thereby switching to a more activated myofibroblast 
phenotype (30). Thus, we speculate that urinary sCD90 
might be cleaved from the surface of intrinsic renal cells 
under the circumstance of DKD. On the other hand, the 
decrease of CD90 expression in renal cells may further 
lead to cell phenotype change, which may participate in 
extracellular matrix remodeling and tubulointerstitial 
fibrosis (31).

This study has several limitations. First, the sample size 
was relatively small, which warrants further validation in 
a larger cohort. Second, patients enrolled in C-STRIDE 
cohort did not have the renal biopsy. Thus, we are not 
able to evaluate the association between renal pathological 
changes and the outcome in these patients with DKD. 
Thirdly, most patients enrolled in our study had advanced 
kidney disease. Whether urinary sCD90 could be a useful 
marker at all stages of DKD still need further investigation.

In conclusion, our study demonstrated that urinary 
sCD90 could reflect the disease severity and serve as a 
predictor of renal outcome in patients with DKD.
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