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Objective: Tsukushi is a newly identified hepatokine. Recent studies have shown that it relates to diabetes, lipid metabolism and
fibrosis, but there is currently no investigation about whether Tsukushi is associated with diabetic kidney disease. Therefore, this study
aimed to investigate the relationship between Tsukushi and diabetic kidney disease by characterizing Tsukushi levels in healthy
subjects and type 2 diabetes with urinary albumin-creatinine ratio.

Methods: Serum Tsukushi level was quantified by enzyme-linked immunosorbent assay in 167 normoalbuminuria, 80 microalbumi-
nuria, and 31 macroalbuminuria patients with type 2 diabetes as compared with 53 healthy subjects. The correlation analysis was used
to investigate the relationship between urinary albumin-creatinine ratio or Tsukushi level and other metabolic parameters. Multiple
linear regression and logistic regression analysis were used to analyze the independent factors for urinary albumin-creatinine ratio and
estimated glomerular filtration rate.

Results: The Tsukushi level in the macroalbuminuria group was significantly higher than that in the normoalbuminuria or the
microalbuminuria group. Multiple linear regression showed that the significantly independent factors for UACR included high
Tsukushi quartile, systolic blood pressure, creatinine, homeostasis model assessment of insulin resistance, low 2-h post-oral glucose
tolerance test c-peptide and female. Logistic regression demonstrated that the odds ratio of Tsukushi for glomerular filtration rate <90
(mL/min/1.73m?) was 1.636 (95% CI 1.091-2.452, P=0.017).

Conclusion: The circulating Tsukushi increased in type 2 diabetes patients with albuminuria and was associated with urinary
albumin-creatinine ratio, implying that Tsukushi may be involved in the pathogenesis of diabetic kidney disease, which deserves
future studies.
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Introduction
Diabetic kidney disease (DKD) is the leading cause of chronic kidney disease and one of the most common complica-
tions of diabetes, occurring in approximately 40% of patients with diabetes.' Past studies revealed that DKD is the result
of multiple pathophysiological disturbances, including but not limited to hyperglycemia, hypertension, hyperlipidemia,
inflammation, mitochondrial dysfunction, and impaired autophagy, leading to progressive deterioration in kidney
structure and function.

Tsukushi (TSK), a novel recognized hepatokine originally isolated and identified in 2004 from the chicken lens, was
a member of small leucine-rich proteoglycan family (SLRPs).? Current research demonstrated that TSK is involved in
modulating both lipid and glucose metabolism.*> Research showed that TSK can affect systemic cholesterol
homeostasis® and TSK deficiency reduced inflammatory gene expression in macrophages.” Clinical research also showed
that TSK was independently associated with high insulin and fibroblast growth factor 21 and low total cholesterol in the
general participants,® and in a study based on obese subjects, TSK was positively associated with BMI, visceral fat area
and the deterioration of glucose metabolism.” Particularly, our recent study pointed out that TSK increased in newly
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diagnosed type 2 diabetes (T2D) and had an independent relationship with multiple metabolic characteristics and insulin
resistance as well as metabolic syndrome risk.> It is worth noting that studies have found that other SLRP family
members play an important role as extracellular matrix and soluble signaling molecules in regulating various complex
biologic processes that are deeply involved in the progression of kidney diseases.'® However, there is currently no related
investigation about TSK associated with DKD.

Albuminuria is the classic sign of DKD, and microalbuminuria is regarded as the pivotal manifestation of the early
stage of DKD."" In clinical work, the urinary albumin-creatinine ratio (UACR) is currently widely used and studied as
a convenient and accurate marker of early renal injury.'> The objective of this clinical research was to investigate this
relationship between TSK and albuminuria by characterizing TSK levels in healthy subjects and T2D patients with
various levels of albuminuria.

Materials and Methods

Study Participants

A total of 331 participants were enrolled in the cross-sectional study, of which 278 were T2D and 53 were healthy
controls (Figure 1). All participants were Chinese Hans and recruited in the Department of Endocrinology, Affiliated
Hospital of Jiangsu University, from 01.2016 to 11.2020. The diagnosis of T2D was based on 1999 World Health
Organization diagnostic criteria. Patients with type 1 diabetes mellitus, urinary infection, other known kidney diseases
except diabetic nephropathy, severe heart or liver failure or any other major disease were excluded. We also excluded the
patients with severe renal function (serum creatinine >3.0 mg/dL or glomerular filtration rate <30 mL/min/1.73) to avoid
the possible confounding influence of renal failure on excretion of TSK. All T2D patients were divided into three groups
according to the levels of urine albumin-creatinine ratio, normoalbuminuria (UACR < 30 mg/g, n = 167), microalbu-
minuria (UACR 30-300 mg/g, n = 80), and macroalbuminuria (UACR > 300 mg/g, n = 31). The healthy control subjects
had normal glucose tolerance according to oral glucose tolerance test (OGTT) and reported no regular medication use.

A cross-secional study
(n=339)

A 4

With exclusion criteria were excluded (n=8)

Subjects includuded (n=331)

-~

|
| 1999 World Health Organization diagnostic criteria

A 4

T2D group (n=278)

v A 4 A4 JV

Health controls normoalbuminuria microalbuminuria macroalbuminuria
(n=53) (<30 mg/g, n=167) (30-300mg/g,n=80) (>300mg/g,n=31)

Figure | The participant flowchart.
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The study complied with the Helsinki Declaration. Ethical approval was obtained from the ethics committee at the
Affiliated Hospital of Jiangsu University, and informed consent was obtained from all participants.

Clinical Information and Biochemical Measurements

The baseline clinical information of all participants was obtained by trained medical professionals, and biochemical
measurements were performed by laboratory medicine as described in a previous published article.” To detail, serum
creatinine was detected by enzymatic method. Blood urea nitrogen (BUN) was measured by velocity assays, while serum
uric acid (SUA) was determined by chemiluminescence method. UACR was tested by immunoturbidimetry on morning
midstream urine samples, after the subjects were requested to avoid strenuous exercise within 24 hours. Peripheral
venous blood (3—4 mL) was collected from the overnight fasting participants and centrifuged by 10 min at 1500g to
separate serum, which was stored at —80°C and thawed at room temperature before use. Serum TSK levels were
quantified by a commercially available human enzyme-linked immunosorbent assay kit (Eiaab Science, Wuhan, China;
E15159h) with intra- and inter-assay coefficients of variation for <7.4% and <10.1%, respectively. Estimated glomerular
filtration rate (eGFR) was calculated by the simplified Modification of Diet in Renal Disease (MDRD) equation.'? The
degrees of insulin resistance and pancreatic beta-cell function were calculated by the homeostasis model:'* homeostasis
model assessment of insulin resistance(HOMA-IR)=FIns * FPG/22.5, and homeostasis model assessment of pancreatic
beta-cell function(HOMA-B)= 20 * Flns/(FPG - 3.5).

Statistical Analysis

Data were represented as mean + standard deviation (X=SD) for normally distributed continuous variables, as median and
interquartile range [M (25th, 75th)] for non-normally distributed continuous variables, or as percentage (n%) for
categorical variables alternatively. The log-transformation of skewed distribution variables was taken to approximate
normality before analysis. The variable comparisons among the four groups were evaluated by ANOVA, while
categorical variables were tested by x2 analysis. The correlation coefficients between TSK and UACR with other
metabolic variables were calculated by Pearson correlation analysis. The multiple linear regression was performed to
evaluate factors influencing UACR and TSK, respectively. Binary logistic regression analyses were taken to assess the
odds ratio (OR) of TSK quartile for eGFR <90(mL/min/1.73m2) in T2D. Data analyses were performed using SPSS 22.
P < 0.05 (two-tailed) was considered statistically significant.

Results
Baseline Characteristics of Participants and TSK Levels in Different Groups

The clinical information and biochemical measurements of participants were first summarized in Table 1. The creatinine
level of control subjects was higher than that in normoalbuminuric or microalbuminuria group, but lower than that in
macroalbuminuria group (P< 0.05). On the contrary, the eGFR level of control subjects was lower than that in the
normoalbuminuric or the microalbuminuria group, but higher than that in the macroalbuminuria group (P< 0.05). What’s
more, the TSK level in each of the T2D groups was prominently higher than that in the control group. Further, the TSK

level in the macroalbuminuria group was significantly higher than that in the normoalbuminuria or the microalbuminuria

group.

Correlations Between UACR and TSK with Various Biochemical Parameters

To investigate the relationship between UACR and other metabolic parameters, we used correlation analysis. UACR in
T2D was positively correlated with age, duration of T2D, SBP, DBP, BUN, creatinine, SUA, FIns, and TSK and
inversely correlated with eGFR, 2hPG, 2hCP, glutamic pyruvic transaminase (ALT), and glutamic oxaloacetic transa-
minase (AST). We also explored the relationship between TSK and other biochemical parameters, showing that the TSK
level in T2D was positively correlated with duration of T2D, TC, and UACR (Table 2).
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Table | The Anthropometric and Metabolic Parameters in Healthy Controls and in T2D Patients by UACR Categories

Variables Control T2D with T2D with T2D with P value

(n=353) Normoalbuminuria Microalbuminuria Macroalbuminuria

(n=167) (n = 80) (n=31)

Gender, male/female 25/28 96/71 39/41 19/12 0.339
Age (years) 47.57£11.59 55.1x11.91* 60.38£1 1.71%1 59.9£10.53%F 0.000
Duration of T2D® (months) | / 48(0, 120) 12012, 180)* 120(72, 216)* 0.000
BMI (kg/m?) 23.37+2.71 25.24+3.61% 25.36+3* 25.08+3.4* 0.002
SBP (mmHg) 116.70£13.96 129.74+14.25% 139.4£15.52+1 146.74£24.82+ 1+ 0.000
DBP (mmHg) 69.49+12.02 81.01+9.94% 83.45+9.75% 86.19x12.61%1 0.000
WHtR 0.51+0.04 0.54+0.06* 0.56+0.05*% 0.56+0.05* 0.000
Alcohol use (%) 0.072
Regular drinker 9.4 13.8 17.5 9.7
Occasional drinker 1.3 4.8 1.3 0
Never 79.2 814 8l1.3 90.3
Smoking status (%) 0.356
Current smoker 283 28.7 20 22.6
Former smoker 57 3 6.2 0
Never 66 68.3 738 774
Hypertension / 80(47.9)* 54(67.5)%" 23(74.2)%1 0.000
Antihypertensive agent / 63(37.7)* 45(56.3)%T 23(74.2)%F 0.000
ACEIl or ARB use / 42(25.1)* 27(33.8)* 15(48.4)* 1 0.000
Lipid-lowering agents / 4(2.4) 5(6.3) 3(9.7) 0.040
Hypoglycemic agent / 32(19.2)* 34(42.5)%F 13(41.9)*1 0.000
SGLT2i / 3(1.8) 3(3.8) 0 0.324
BUN (mmol/L) 4.94£1.09 5.32%1.36 5.56+1.82% 7.34£2.96% 1+ 0.000
eGFR(mL/min/1.73m?) 100.68+18.26 122.63+26.31* 120.25+34.1 1* 84.97+32.67+1# 0.000
Creatinine’ (mg/dl) 0.76(0.67,0.87) 0.65(0.56,0.76)* 0.64(0.52,0.79)* 0.89(0.65, 1.3+ T+ 0.000
HbAlc (%) 5.75+0.29 9.26+1.94* 9.812.13+1 8.9+2.16%F 0.000
FPG (mmol/L) 4.69+0.51 10.16+3.33* 10.51+3.4* 9.46+4.16* 0.000
2hPG (mmol/L) 6.25+0.88 19.05+5.07* 19.5+4.87* 16.59+6.72% 1+ 0.000
FCP (ng/mL) 2.19+0.83 2.38+1.08 2.23+1.27 2.21%1.09 0.602
2hCP® (ng/mL) 7.78(5.83,9.74) 5.01(3.29,6.92)* 3.78(2.73,5.97)*1 4.11(2.92,5.22)+1 0.000
Fins® (ulU/mL) 4.66(2.97,6.77) 6.24(3.72,10.38)* 8.23(4.88,14.23)*F 9.94(4.03,11.62)* 0.000
2hins® (ulU/mL) 27.79(18.59,43.83) 29.17(14.26,51.35) 33.41(15.8,57.27) 37.01(21.44,58.24) 0.489
TGY(mmol/L) 1.24(0.93,1.72) 1.93(1.3,2.79)* 1.74(1.38,2.59)* 2.35(1.39,4.2)* 0.000
TC (mmol/L) 4.96+0.81 4.88+1.01 5.05+1.25 5451361 0.053
HDL-C (mmol/L) 1.46+0.32 1.05+0.29* 1.11£0.31%* 1.11£0.29% 0.000
LDL-C (mmol/L) 2.8+0.74 2.8+0.86 2.89+0.98 3091 0.611
ALTS (U/L) 15.2(9.80,29.80) 22(14.9,35)* 20.55(12.75,35.65) 14.1(8.4,24.7)1* 0.006
ASTHUIL) 17.1(14.05,21.80) 17.1(13.1,23.2) 15.8(13.13,25.8) 14.3(10.9,16.8%1* 0.029
y-GT® (UIL) 20(15,29.5) 28(19,46)* 31(21,54)* 26.7(18.8,44)* 0.002
SUA (umol/L) 289.83+82.7 283.02+78.15 285.69+98.15 324.42+84.861* 0.097
HOMAIR® 0.98(0.69,1.50) 3.24(1.61,4.39)* 3.77(2.35,5.5)%1 3.77(1.79,4.93)* 0.000
HOMA-beta® 72.23(47.83,140.48) | 20.16(10.14,45.22)* 23.29(12.11,46.02)* 33.4(20.94,60.17)*1 0.000
TSK® (ng/mL) 0.68(0.51,1.18) 1.4(0.88,2.22)* 1.35(0.9,1.83)* 1.95(1.12,3.05) 1+ 0.000

Notes: Data are mean +SD, M (25th, 75th) and n (%), SLog-transformed variable. *P < 0.05 vs healthy subjects, TP < 0.05 vs normoalbuminuria, P < 0.05 vs

microalbuminuria.

Abbreviations: BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; WHtR, the waist-to-hip ratio; BUN, blood urea nitrogen; eGFR,
Estimated glomerular filtration rate; FPG, fasting plasma glucose; 2hPG, 2-h post-OGTT glucose; HbA ¢, glycosylated hemoglobin; FCP, fast c-peptide; 2hCP, 2-h post-OGTT
c-peptide; Fins, fast insulin; 2hins, 2-h post-OGTT insulin; TG, triglyceride; TC, total cholesterol; HDL-C, high density lipoprotein cholesterol, LDL-C, low density
lipoprotein cholesterol; ALT, glutamic pyruvic transaminase; AST, glutamic oxaloacetic transaminase; y-GT, glutamyl transpeptidase; SUA, serum uric acid; HOMA-IR,
homeostasis model assessment of insulin resistance; HOMA-beta, homeostasis model assessment of pancreatic beta-cell function; TSK, Tsukushi.
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Table 2 The Correlation Analysis of Variables Associated with TSK and UACR Levels

Varies UACRS TSK®
Control T2D Control T2D
r P value | r P value | r P value | r P value

Age (years) 0.032 0.822 0.223 0.000 -0.139 | 0.321 0.054 0.371
Duration of T2D% (months) | / / 0.298 0.000 / / 0.182 | 0.002
BMI (kg/m?) 0.169 0.226 0.002 0.973 0.230 0.097 —0.031 | 0.609
SBP (mmHg) —0.042 | 0.765 0.374 0.000 0.258 0.062 0.096 0.109
DBP (mmHg) 0.086 0.539 0.187 0.002 0.010 0.942 0.040 0510
BUN (mmol/L) —0.155 | 0.268 0.270 0.000 0.049 0.730 0.019 0.758
eGFR(mL/min/1.73m?) 0.370 0.006 —0.295 | 0.000 0.135 0.334 —0.094 | 0.116
CreatinineS(mg/dl) —0.559 | 0.000 0.275 0.000 0.051 0.717 0.053 0.378
SUA (umol/L) —0.251 | 0.069 0.128 0.033 0.169 0.225 —0.044 | 0.461
HbAlc (%) —0.009 | 0.947 0.036 0.550 —0.065 | 0.645 —-0.076 | 0.207
FPG (mmol/L) —-0.137 | 0.328 -0.016 | 0.793 0.079 0.574 —-0.107 | 0.076
2hPG (mmol/L) —0.074 | 0.601 —-0.121 | 0.044 0.026 0.855 —0.091 | 0.128
FCP (ng/mL) —-0.022 | 0.875 —-0.079 | 0.191 0.058 0.678 —-0.054 | 0.370
2hCP® (ng/mL) —0.068 | 0.627 —0.180 | 0.003 0.004 0.976 —0.034 | 0.576
FIns® (ulU/mL) 0.034 0.808 0.133 0.027 0.168 0.230 0.038 0.524
2hins® (ulU/mL) 0.077 0.586 0.069 0.250 0.020 0.887 0.077 0.203
TG® (mmol/L) 0.025 0.856 0.026 0.661 0.089 0.528 —0.072 | 0.233
TC (mmol/L) 0.074 0.597 0.114 0.058 —0.213 | 0.127 0.145 0.015
HDL-C (mmol/L) 0.201 0.150 0.104 0.083 -0.179 | 0.200 0.033 0.580
LDL-C (mmol/L) —-0.031 | 0.828 0.049 0418 -0.171 | 0.220 0.094 0.117
ALTS (U/L) 0.149 0.288 —0.189 | 0.002 0.155 0.268 —0.021 | 0.724
ASTS (U/L) 0.082 0.561 —0.147 | 0.014 —-0.041 | 0.773 —-0.091 | 0.130
y-GTS (UIL) —0.149 | 0.286 —0.018 | 0.764 0.054 0.701 —0.029 | 0.631
HOMA-IR® 0.009 0.947 0.114 0.057 0.169 0.227 —0.012 | 0.844
HOMA-beta® 0.151 0.280 0.110 0.067 0.103 0.465 0.081 0.178
TSKS 0.078 0.576 0.124 0.040 / / / /
UACRS / / / / 0.078 0.576 0.124 0.040

Note: §Log-transformed variable.

Multiple Linear Regression Analysis for UACR According to the Quartile of TSK in T2D
To further elaborate the independent associations, the multiple linear regression was performed. TSK in T2D was divided
into four groups, that is Q1(<0.819, n = 69), Q2(0.819~1.324, n = 70), Q3(1.324~2.078, n = 70), and Q4(>2.078, n = 69),
according to the quartile of TSK level. As shown in Table 3, the quartile of TSK was a significant determining factor for
UACR in both Model 1 (unadjusted) and Model 2 (adjusted age and gender) (P< 0.01). When the regression was further
adjusted in Model 3 (adjusted model 2 and duration of T2D, SBP, DBP, WHtR, hypertension, BUN, creatinine, eGFR,
HbAlc, 2hPG, 2hCP, TC, LDL-C, ALT, AST, SUA, HOMA-IR, HOMA-beta, smoking, drinking, and medication use),
the results showed that high TSK quartile, SBP, creatinine, HOMA-IR, low 2hCP, and female were the significantly
independent factors for UACR (P< 0.05) (Table 3).

Regression Analysis for TSK and eGFR in T2D

Besides, to explore the independent factors for TSK in T2D, the multiple regression was executed again, which has
demonstrated that TC (P< 0.01) and 2hPG (P< 0.05) were independent of TSK. In addition, we estimated the odds ratio of
TSK quartile for eGFR <90(mL/min/1.73m?) by binary logistic regression analyses. The results showed that the quartile of
TSK was a factor for eGFR <90(mL/min/1.73m?) in unadjusted model [OR = 1.394 (95% CI 1.044—1.861), P=0.024].
Following multiple adjustment with various characteristics (age, gender, duration, BMI, SBP, DBP, WHtR, HbA 1c, 2hPG,

Diabetes, Metabolic Syndrome and Obesity 2024:17 hetps: 3299

Dove!


https://www.dovepress.com
https://www.dovepress.com

Li et al Dove

Table 3 The Multiple Linear Regression Analysis with UACR as the Dependent
Variable in T2D

Model Variable Standardized 95.0% CI P value
Coefficients (SE.)

| TSK quartile 0.17(0.037) 0.033~0.178 0.004

2 Age 0.213(0.003) 0.006~0.019 0.000
TSK quartile 0.157(0.036) 0.026~0.169 0.007

3 SBP 0.307(0.002) 0.008~0.017 0.000
Creatinine 0.383(0.164) 0.76~1.405 0.000
Gender? —0.24(0.08) —0.493~-0.177 0.000
2hCP —0.148(0.011) —0.055~-0.011 0.004
TSK quartile 0.107(0.032) 0.004~0.129 0.037
HOMA-IR 0.101(0.009) 0~0.035 0.048

Notes: "Gender: Female=0, Male=I. Model I: crude; Model 2: adjusted for age, gender; Model 3:
adjusted for age, gender duration of T2D, SBPR, DBP, WHtR, hypertension, BUN, creatinine, eGFR,
HbAlc, 2hPG, 2hCP, TC, LDL-C, ALT, AST, UA, HOMA-IR, HOMA-beta, smoking, drinking and medica-
tion use.

2hCP, TC, LDL-C, ALT, AST, y-GT, SUA, HOMA-IR, HOMA-beta, smoking, drinking, medication use, and three UACR
groups), we observed that the OR of TSK for eGFR <90(mL/min/1.73m?) was 1.636 (95% CI 1.091-2.452, P=0.017).

Discussion

In this study, we showed that TSK increased in T2D with normoalbuminuria, microalbuminuria or macroalbu-
minuria compared with the control group, especially in macroalbuminuria group. In addition, TSK in T2D was
positively correlated with the duration of DM, TC, and UACR. Furthermore, the quartile of TSK was a significant
determining factor for UACR and an important factor for eGFR <90(mL/min/1.73m?), even after adjusting for
various characteristics. The above results implied that TSK may be involved in DKD development, which has not
elaborated in the existing research.

As a novel hepatokine, TSK was demonstrated to be capable of regulating metabolic processes, including lipid
and glucose metabolism. This study showed that serum TSK was higher in T2D than that in the healthy group
and was positively correlated with TC. This result was consistent with the result of our previous study on a newly
diagnosed T2D group.” Nevertheless, our findings in the control group did not show the correlation, which did
not accord with the research performed by Masato et al, in which plasma TSK was associated with low TC in the
general subjects.® The disparities may derive from the differences in sample size or sample testing. This suggests
that larger sample sizes or cohort studies in future studies should be considered. Although results from different
clinical research were partly divergent, they collectively suggested that TSK may be involved in lipid metabolism
disorder. What’s more, multiple linear regression analysis had demonstrated that TSK quartile was the signifi-
cantly independent factor for UACR and high TSK was a risk factor for eGFR <90(mL/min/1.73m?), which hints
that TSK may participate in DKD development.

Although the mechanism by which TSK contributes to DKD progression remains unclear, previous studies
offer some hints. A study about the hair cycle revealed that TSK deletion induces the down expression of TGF-B1
and TGF-B2, and then inhibits the expression of downstream phosphorylated Smad2/3.'> Additionally, immuno-
precipitation analysis indicates that TSK directly binds to TGF-B1. It is worth noting that TGFB1-Smad2/3
pathway plays a crucial part in profibrotic transcription process in DKD.'® Smad3 null mice are protected from
renal fibrosis, including glomerular basement membrane thickening and ECM overproduction in STZ-induced
diabetes, and they prevent renal fibrosis and inflammation in db/db mice.'”'® Interestingly, previous studies have
shown that other SRLP families, such as biglycan, lumican, decorin, and fibromodulin, place a special emphasis
on DKD.'? Studies have shown that the increased renal biglycan, caused by elevated TGF-beta in diabetes and
hypercholesterolemia, may lead to the renal LDL accumulation, which finally contributes to the development of

3300 e Diabetes, Metabolic Syndrome and Obesity 2024:17

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Li et al

glomerular injury."” Biglycan in STZ mice can trigger chemoattractant in macrophages, leading to Thl and Th17
cell recruitment into the kidney, which induces renal fibrosis. Besides, the recent results from proteomics have
shown lumican increase in urinary excretion in early TIDM, which may involve the early kidney response to
hyperglycemia.”® In contrast, studies have demonstrated that decorin deficiency in STZ-induced diabetic mice
causes the aggravation of nephropathy, implying that decorin is a protector for DKD, which also causes the
upregulation of biglycan,”' and increased decorin may neutralize the hypertrophic and prosclerotic function of
high TGF-beta in diabetic kidney.”> Moreover, fibromodulin shows anti-fibrotic function by modulating TGF-
beta.”> Altogether, these findings suggest that SLRPs are related to DKD by varied mechanisms, and they may
have a direct or indirect mutual effect on different members of SLRPs, such as decorin and biglycan. In addition,
some researchers have proposed that the dichotomy (pro- or anti-inflammatory) of SLRP signaling allows for fine-
tuning the inflammatory response, which is crucial for the outcome of kidney diseases.”* Our study preliminarily
describes the relationship between TSK and UACR from a clinical perspective. Presumably, as a valued member
of SLRPs, TSK, especially the circulating TSK, may also play a part in the pathogenesis of DKD, which deserves
further attention, especially in the basic research on metabolic disorders, inflammatory and fibrotic renal diseases.

A few issues from this study warrant additional discussion. The results showed that the control group had higher
creatinine and lower eGFR than the normoalbuminuric or the microalbuminuria group, whereas it had lower creatinine
and higher eGFR than the macroalbuminuria group. This discrepancy may arise from the affection of glomerular
hyperfiltration in early diabetic nephropathy,” and results showed that the trend of TSK level in albuminuria was
unaffected by it. Apart from that, recent results from Sum Lam et al showed that serum TSK levels increase in subjects
with NAFLD and reflect the severity of liver fibrosis independent of T2DM,? which also provide valuable insights for
future research and the treatment of TSK in fibrosis.

Several limitations should be considered in this study. To begin with, the cross-sectional nature was the major
limitation of this research, which limited our ability to illuminate the causality and specific mechanisms. Then,
we exclude the patients GFR <30 mL/min/1.73m” to avoid the possible confounding influence on excretion of
TSK level, but also to hinder exploration of the relationship between TSK and UACR and between TSK and GFR
in renal failure. Apart from these, the potential bias from single-center research and the nubilous influence of
medication usage on TSK level should also not be overlooked, such as the effect of drugs on metabolism and
fibrosis. The lack of NAFLD data in this study may have affected the results and their interpretation. Therefore,
future research should consider those limitations. However, the implications of this study remain important even
with these limitations.

Conclusion

Altogether, the findings of our study pointed out that the circulating TSK may be associated with UACR in T2DM and
could be a novel potential predictive or therapeutic target in DKD, which would provide important clinical hint for future
studies. Future clinical research should expand the sample or employ a cohort study approach to investigate the
relationship between TSK and various kidney diseases. Moreover, the underlying mechanisms of TSK in DKD
development require further studies, especially in the context of metabolic disorders, inflammation and renal fibrosis.
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