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·临床研究·

血清胱抑素 C作为新型肾功指标在狼疮肾炎中的临床意义 *
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摘要目的：探讨血清胱抑素 C在狼疮肾炎的诊断及治疗监测中的临床意义。方法：检测 106名狼疮肾炎患者的血清胱抑素 C

(sCysC)、血清肌酐(sCr)、尿素氮(BUN)、肾小球滤过率(GFR)，24小时尿蛋白(uTP)、血清白蛋白(sAlb)、C-反应蛋白(CRP)水平，分析

sCysC与上述指标的相关性及其在治疗过程中的动态变化，并与传统肾功能指标(sCr、BUN)进行比较。结果：① 治疗前，血清

sCysC水平与 uTP、sAlb、SLEDAI、CRP均显著相关，且优于 sCr及 BUN。② 治疗中，血清 sCysC水平与 uTP、sAlb的相关性均优

于 sCr及 BUN。③ 血清 sCysC水平随激素及免疫抑制剂治疗显著改善，这一趋势见于 BUN并未见于 Scr；激素及 CTX治疗结束

后，血清 sCysC水平显著改善，这一趋势见于 Scr并未见于 BUN。④ 治疗前，sCr与 sCysC联合计算所得 eGFR与各项指标相关性

最高。结论：sCysC在狼疮肾炎早期肾损害诊断、治疗过程以及监测疗效的敏感性均优于传统 sCr和 BUN。sCysC单独及 sCysC联

合 sCr计算的 GFR均优于单独 sCr计算获得的 GFR。sCysC在 LN中不仅可作为肾功能的新型评价标志物，可能也作为炎症反应

的标志物。
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Clinical Significance of sCysC as A New Renal Function Evaluation Index
in Lupus Nephritis*

To explore the clinical significance of sCysC in the diagnosis, treatment and monitoring of lupus nephritis.

106 patients with lupus nephritis confirmed by renal biopsy were selected from the department of Nephrology of affiliated Hos-

pital of China Medical University from May 2007 to December 2014. The renal function indexes (sCysC, sCr, BUN, GFR), nephritis ac-

tivity indexes (uTP, sAlb), systemic disease activity indexes (SLEDAI), immune inflammatory response indexes (C3, C4, IgG,ANA, dsDNA,

ESR and CRP) of patients with lupus nephritis were detected, the correlation between sCysC and lupus activity, nephritis activity, dynamic

changes in the treatment process were analyzed and compared with the traditional renal function index. ① sCysC was significantly

correlated with uTP, sAlb, SLEDAI and CRP, and the correlation was better than sCr and BUN. ② In the process of treatment, the corre-

lation between sCysC and UTP, sAlb is better than that of sCr and BUN. ③ The level of sCysC improved significantly with the treatment

of hormone and immunosuppressant, which was found in BUN but not in Scr, while the level of sCysC improved significantly at the end

of treatment of hormone and CTX, which was also found in the Scr but not in the BUN. ④ eGFR based on combination of sCysC and sCr

before treatment showed strongest correlation with other indicators, and the eGFR based on sCysC during treatment showed stronger cor-

relation with other indicators. ⑤ Before treatment, 60.6% of the patients with normal sCr had a rise in serum sCysC, while 69.6% of the

patients with normal sCr had a rise in sCysC, suggesting that sCysC could respond to the decline of renal function earlier than sCr.

sCysC has better sensitivity in early renal damage, process of treatment and monitoring of therapeutic effect than sCr and BUN.

eGFR based on sCysC or combination of sCysC and sCr calculation presented a better correlation with renal and systemic disease activi-
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ties. sCysC can be used not only as a new marker of renal function, but also as a marker of inflammatory response in LN.

Systemic lupus erythematosus; Lupus nephritis; Cystatin C; Diagnostic-therapeutic biomarker

前言

系统性红斑狼疮(SLE)是一种可引起多脏器损害的自身免

疫性疾病[1,2]，尤以肾脏损伤最为常见[3]，狼疮肾炎(LN)所致的肾

功能衰竭是 SLE患者最常见的死亡原因之一[4-6]。选择理想的

指标对 LN早期肾损伤的早期诊断与及时治疗是改善 SLE患

者预后，降低病死率的关键环节[7]。血清胱抑素 C(sCysC)是近

十几年发现的反映肾功能下降的新型诊断标志物[8-11]。在慢性

肾脏病中，尤其是原发性肾脏病中，其敏感性被认为高于传统

肾功能评价指标血肌酐(sCr)及血尿素氮(BUN)[12]。然而，胱抑素

C在继发性狼疮肾炎患者中的临床应用罕见报道。

Silva等的报道指出胱抑素 C的水平不受激素治疗的影响[13]。

Chew等发现 sCysC与高敏 C反应蛋白(CRP)独立相关，认为

胱抑素 C可能受炎症反应的影响[14]。Gheita等通过研究证实了

sCysC与肾损害指数、肾活检分级显著相关，与血清白蛋白呈

负相关，并认为 sCysC有助于预测肾活检级别[15]。本研究回顾

性分析了狼疮肾炎患者的临床资料, 旨在探讨 sCysC在 LN的

诊断及治疗监测中的临床意义。

1 资料与方法

1.1 一般资料

选取 2007年 5月至 2014年 12月中国医科大学附属医院

肾内科收治的 106名经肾活检证实为狼疮肾炎患者，肾活检病

理分型依据 2003年 ISN/ACR分类标准。其中，男 17例，女 89

例，年龄 10～70岁，平均 34.6± 1.3岁。病程 2～64个月不等。

随访纪录完整患者为 65人，治疗方式包括激素联合环磷酰胺

治疗，激素联合其他免疫抑制剂(FK506，骁悉，雷公藤，来氟米

特等)治疗。

1.2 数据收集与分析

收集治疗前患者的肾功能指标：sCysC、sCr、BUN、肾小球

滤过率(eGFR)，肾炎活动指标：24小时尿蛋白(uTP)、血清白蛋

白(sAlb)，系统疾病活动指标 SLEDAI，免疫炎症反应指标：补

体 C3(C3)、补体 C4(C4)、免疫球蛋白 G (IgG)、抗核抗体(ANA)、

双链 DNA(dsDNA)、红细胞沉降率(ESR)和 CRP等数据。并收

集治疗过程中 1、3、6、12、24 个月 sCysC、sCr、BUN、uTP、sAlb

和 SLEDAI的变化。进行如下数据分析：1)治疗前及治疗中肾

功能指标(sCysC、sCr、BUN、eGRF)与系统疾病活动及肾脏病活

动指标的相关性；2)sCysC随着激素及各种免疫抑制剂治疗的

动态变化 (免疫抑制剂包括 CTX及上述其他各种免疫抑制剂)

3)sCysC在激素及 CTX治疗前及治疗终止时表达。

1.3 统计学方法

采用 GraphPad Prism 8软件用于数据统计学分析。指标相

关性分析采用 Pearson检验，治疗前后各检测指标两组间差异

采用配对 t 检验。治疗前后各检测指标多组间差异采用

One-way ANOVA。以 P<0.05为差异有统计学意义。

2 结果

2.1 治疗前 sCysC与 sCr及 BUN的相关性比较

在治疗前，sCysC不仅与肾炎活动性(uTP、sAlb)明显相关、

而且与 SLE活动指数(SLEDAI)、系统炎症反应(CRP)明显相关

(P＜0.05)，且 sCysC与 uTP、sAlb、SLEDAI、CRP的相关性均优

于 sCr及 BUN。但 sCysC与 C3、C4、IgG、ANA、DsDNA及 ESR

无明显相关性(数据未显示)。该结果提示 sCysC可能作为 LN

早期肾脏损害及 SLE活动评估的更为敏感及准确的指标，见

图 1。

2.2 治疗中 sCysC与 sCr及 BUN的相关性分析

在 LN 激素及免疫抑制剂治疗过程中，sCysC 与 uTP、

sAlb、SLEDAI均显著相关(P＜0.05)，且 sCysC与 uTP、sAlb的

相关性均优于 sCr及 BUN，但是与 SLEDAI相关性未见优势，

果提示在 LN治疗监测过程中，sCysC较 sCr和 BUN更能反映

肾脏病的活动情况，但是受 SLE系统活动指标影响较小，见图2。

2.3 激素及免疫抑制剂治疗所致的 sCysC的动态变化

反映 LN活动的指标(uTP、sAlb、SLEDAI)随着激素及免疫

抑制剂治疗各阶段显著改善(P＜0.05)，sCysC水平随激素及免

疫抑制剂治疗各阶段显著改善(P=0.0043)，这一趋势也略见于
BUN(P=0.0207)但并未见于 Scr(P=0.099)，提示 sCysC在对 LN

治疗效果监测上要优于 sCr，见图 3。

2.4 激素及 CTX治疗前后血清 sCysC水平的比较

激素及 CTX 治疗后反映 LN 活动的指标 (uTP、sAlb、

SLEDAI)及血清 sCysC水平均显著改善(P<0.05)，这一趋势也
见于 Scr(P=0.0017)并未见于 BUN(P=0.0717)(图 4)。此结果提

示 sCysC在对 LN激素联合环磷酰胺治疗优于 BUN，结果表明

sCysC在监测 LN治疗效果上有着更好的稳定性，见图 3、图 4。

2.5 sCysC、sCr及二者联合所得 eGFR相关性分析

eGFR(EPI-Cr)与 uTP、sAlb、SLEDAI、CRP均无相关性(P＞
0.05)；eGFR(EPI-sCysC)与 sAlb、SLEDAI、CRP均有相关性，但

与 uTP无相关性；eGFR(EPI-Cr+sCysC)与 uTP、sAlb、SLEDAI、

CRP均相关(P＜0.05)，且相关性优于 EGFR(EPI-sCysC)(图 5)。

该结果表明在治疗前，使用 sCr及 sCysC联合计算的 eGFR来评

估 LN患者的肾功能，能更好的判断肾脏病活动情况，见图 5。

3 讨论

SLE患者约有 50%～70%累及肾脏，占女性继发性肾小球

疾病的首位[16,17]。早期发现 SLE的肾脏损伤及时使用激素与免

疫抑制剂治疗，逆转肾脏的病理进程进而延缓 ESRD的发展达

到提高患者生存率[18,19]。大量研究显示 sCysC作为肾清除率的

指标优于 sCr及 BUN[20,21]。目前，临床常用的反映肾小球功能的

指标是 BUN和 sCr。BUN首先被作为肾功能的评价指标，但它

不符合内源性 eGFR标志物的要求，当 eGFR减少到正常值的

40%以前，BUN水平升高缓慢，并且与外源性(来源于蛋白质摄
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图 1 治疗前 sCysC与 sCr及 BUN的相关性分析

Fig.1 Comparison of sCysC with SCr and BUN in the correlation efficiency with disease activity of lupus nephritis(pre-treat)

Correlations between indexs of renal function(sCysC, sCr, BUN) and disease activity(uTP, sAlb, SLEDAI, CRP) before treatment are showed above. Data

are presented as scatterplot. sCysC is positively correlated with uTP, SLEDAI and CRP, but negatively correlated with sAlb.sCysC also presented higher R

value in the correlations with uTP, sAlb, SLEDAI and CRP than sCr and BUN.

入)及内源性(来源于感染、肾上腺皮质激素的应用、胃肠出血

等)的尿素负荷大小有关，更重要的是肾小管对 BUN有明显的

被动重吸收作用。肌酐基本符合内源性 GFR标志物的要求，目

前国内外用 sCr作为临床常规评估肾小球滤过功能受损的指

标。但只有当 GFR由正常下降至 1/2时，sCr才有明显变化，而

且受性别、饮食、肌肉量等因素的影响。因此，BUN和 sCr只能

反映中、重度的肾功能损害[22,23]。

sCysC是一种半胱氨酸蛋白酶抑制剂，也被称为酌－微量蛋
白或 酌－后球蛋白，广泛存在于各种组织的有核细胞和体液
中，是一种相对分子质量低、碱性非糖基化蛋白质，相对分子质

量为 13.3KDa，由 122个氨基酸残基组成，可由机体所有有核

细胞产生，产生率恒定。其等电点高(PI=9.3)，在血液环境中带

正电荷，故不受肾小球滤过膜的孔径屏障和电荷屏障的影响，

可自由通过肾小球滤过膜而被清除，是一种反映 GFR变化的

内源性标志物。sCysC在近曲小管重吸收，但重吸收后被完全

代谢分解，不返回血液。因此，其在血液中的水平由肾小球滤过

决定，而不依赖任何外来因素，如性别、年龄、饮食的影响，是一

种反映 GFR变化的理想同源性标志物[24-28]。在双侧输尿管梗阻

的小鼠模型中，sCysC随着肾积水的加重而增加，更能反映肾

功能的变化[29]。sCysC能在盲肠结扎穿刺诱导的败血症小鼠中

早期检测急性肾损伤和更好地反映 eGFR[30]。在糖尿病患者中，

sCysC是其进展为糖尿病肾病的早期预测指标, cysC 阈值为

0.91 mg/L可作为中国人早期 DN的诊断标准[31,32]。但是 sCysC

对 LN肾损害中的早期诊断和治疗监测效果罕见报道。本研究

旨在探索 sCysC在 LN中的临床应用价值。

sCysC与其他指标相关性分析结果显示在治疗前，sCysC

与 uTP、sAlb、SLEDAI、CRP相关性均优于 sCr 及 BUN，但与
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图 3sCysC随着激素及免疫抑制剂治疗的动态变化

Fig.3 Dynamic changes of renal function along with steroid and immunopresents

The changes of disease activity and renal function at different phases were showed above.Data were collected before treatment and after 1,3,6,12and 24

months. All the indicators of disease activity were significantly improved after after hormones and immunosuppressive therapy (P＜0.05). sCysC level

was significantly decreased at each stage after hormones and immunosuppressive therapy (P=0.0043), this trend is seen in BUN (P=0.0207) but not found
in Scr (P=0.099).

图 2 s治疗中 CysC与 sCr及 BUN的相关性分析

Fig.2 Comparison of sCysC with SCr and BUN in the correlation efficiency with disease activity of lupus nephritis(During treatment)

Correlations between indexs of renal function(sCysC, sCr, BUN) and disease activity(uTP, sAlb, SLEDAI, CRP ) during treatment are showed above.

sCysC are positively correlated with uTP and SLEDAI, and negatively correlated with sAlb. sCysC also presented higher R value in the correlations with

uTP and sAlb than sCr and BUN,but didn't show superiority in SLEDAI.
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图 4 激素及 CTX治疗前后血清 sCysC水平的比较

Fig.4 Changes of sCysC and traditional biomarkers before and after CTX treatment

Indicators before and after the treament of hormones and the end of CTX are showed in the bar charts above.uTP, sAlb, SLEDAI, sCysC and sCr all

significantly improved after hormones and the end of CTX treatment (P＜0.05）. sCysC levels was significantly decreased after hormones and the end of

CTX treatment (P=0.0018), this trend is also seen in Scr (P=0.0017) but not seen in BUN (P=0.0717).

LN的免疫指标 C3、C4、IgG、ANA、DsDNA无明显相关性。当

加入治疗随访数据后，sCysC与 uTP、sAlb的相关性均优于 sCr

及 BUN，但与 SLEDAI相关性未见优势。由于 uTP、sAlb可反

映 LN疾病活动情况, SLEDAI可反映 SLE系统疾病活动，说

明 sCysC在 LN中与肾脏病活动指数及系统疾病活动指数显

著相关，且相关性优于血 BUN和 Scr。同时，sCysC与 CRP相

关而与免疫指标无相关性，说明 sCysC可能与 LN的系统炎症

反应有关，但与 LN的免疫反应无关。

本研究还观察了 sCysC在 LN治疗效果监测中的意义，结

果显示血清 sCysC水平无论在激素联合不同种类免疫抑制剂

还是激素联合 CTX治疗前后都显著改善，而 BUN在免疫抑制

剂组治疗后显著改善，在 CTX组无明显改善；sCr在 CTX组治

疗后显著改善，而在免疫抑制剂组无明显改善。这表明 sCysC

在监测 LN治疗效果上有着更好的稳定性。在由 sCysC、sCr及

二者结合计算所得 eGFR与 LN及系统性疾病相关性分析中，

我们发现在治疗前，使用 sCr及 sCysC联合计算的 eGFR来评

估 LN患者的肾功能，能更好的判断肾脏病活动情况，从而更

好的指导治疗。在 LN治疗效果监测过程中，单用 sCysC计算

的 eGFR评估肾功能更能反映肾脏病及系统性疾病活动情况。

在 71名 sCysC和 sCr同时检测的患者中，当 sCysC开始升高

时(上限 0.95 mg/L)，sCr正常(上限 104 mol/L)的患者有 43人，

占 60.6%(图 7a)。在治疗过程中，所有 sCysC和 sCr同时检测的

299 对数据中，当 sCysC 升高时，sCr 正常的有 208 例，占

69.6% (图 7b)。这表明 sCysC反映肾功能早期损伤的敏感度较

sCr高，即在没采用 sCysC测定肾功能之前，会有 60%左右已

经有肾功能损害的患者会被漏诊。错过患者治疗的最佳时机是

造成 LN病情恶化的主要原因，早期根据 sCysC升高给予治疗

方案可能改善 LN患者的预后。

综上所述，sCysC在狼疮肾炎早期肾损害诊断，治疗过程

中监测疗效的敏感性均优于传统 sCr和 BUN，应用 sCysC水平

对狼疮肾炎开始早期干预治疗、监测疗效决定减药停药时机的

指导意义值得临床医生高度重视。同时，结合 sCysC计算eEGFR

可能更准确地反映肾小球滤过率，sCysC在 LN中不仅可作为

肾功能的新型评价标志物，可能也作为炎症反应的标志物。

参考文献（References）

[1] Cortes R, Forner MJ. Circular RNAS: novel biomarkers of disease ac-

tivity in systemic lupus erythematosus?[J]. Clinical science (London,

England: 1979), 2019, 133(9): 1049-1052

[2] Li LJ, Huang Q, Pan HF, et al. Circular RNAs and systemic lupus ery-

thematosus[J]. Experimental cell research, 2016, 346(2): 248-254

[3] Wardowska A, Komorniczak M, Bu覥覥o-Piontecka B, et al. Transcrip-
tomic and Epigenetic Alterations in Dendritic Cells Correspond With

Chronic Kidney Disease in Lupus Nephritis[J]. Frontiers in immunol-

ogy, 2019, 10: 2026

[4] Hobeika L, Ng L, Lee IJ. Moving Forward with Biologics in Lupus

Nephritis [J]. Advances in chronic kidney disease, 2019, 26 (5):

338-350

[5] Song K, Liu L, Zhang X, et al. An update on genetic susceptibility in

lupus nephritis[J]. Clinical immunology, 2019, 210: 108272

[6] Caster DJ, Powell DW. Utilization of Biomarkers in Lupus Nephritis

[J]. Advances in chronic kidney disease, 2019, 26(5): 351-359

[7] Ouyang Q, Huang Q, Jiang Z, et al. Using plasma circRNA_002453 as

a novel biomarker in the diagnosis of lupus nephritis [J]. Molecular

3054· ·



现代生物医学进展 biomed.cnjournals.com Progress inModern Biomedicine Vol.20 NO.16 AUG.2020

图 5由 sCysC、sCr及二者结合计算所得 GFR相关性分析

Fig.5 Comparison of eGFR ( calculated by three equations: sCysC alone, sCr alone, combined sCysC and sCr)in correlation efficiency with disease

activity of lupus nephritis(pre-treat)

GFR(EPI-Cr) presented no correlations with uTP.sAlb.SLEDAI and CRP(P＞0.05）; GFR(EPI-sCysC) showed correlations with sAlb. SLEDAI and CRP,

but showed no correlation with uTP; GFR(EPI-Cr, sCysC) presented higher R value in the correlations with uTP. sAlb. SLEDAI and CRP.

immunology, 2018, 101: 531-538

[8] Kar S, Paglialunga S, Islam R. Cystatin C Is a More Reliable Biomark-

er for Determining eGFR to Support Drug Development Studies [J].

Journal of clinical pharmacology, 2018, 58(10): 1239-1247

[9] Mao W, Liu S, Wang K, et al. Cystatin C in Evaluating Renal Function

in Ureteral Calculi Hydronephrosis in Adults [J]. Kidney & blood

pressure research, 2019, (undefined): 1-13

[10] Alaje AK, Adedeji TA, Adedoyin AR, et al. Creatinine and cystatin

C-based evaluation of renal function among obese subjects in Benin

City, Nigeria[J]. Saudi journal of kidney diseases and transplantation,

2019, 30(3): 648-654

[11] Lopez-Giacoman S, Madero M. Biomarkers in chronic kidney dis-

ease, from kidney function to kidney damage [J]. World journal of

nephrology, 2015, 4(1): 57-73

[12] Alaje AK, Adedeji TA, Adedoyin AR, et al. Creatinine and cystatin

C-based evaluation of renal function among obese subjects in Benin

City, Nigeria[J]. Saudi journal of kidney diseases and transplantation,

2019, 30(3): 648-654

[13] Silva MV, Moscoso Solorzano G, Nishida SK, et al. Are serum cys-

tatin C levels influenced by steroid doses in lupus nephritis patients?

[J]. J Bras Nefrol, 2011, 33(3): 306-312

[14] Chew C, Pemberton PW, Husain AA, et al. Serum cystatin C is inde-

pendently associated with renal impairment and high sensitivity C-re-

active protein in systemic lupus erythematosus[J]. Clin Exp Rheuma-

tol, 2013, 31(2): 251-255

[15] Gheita TA, Abd El Baky AM, Assal HS, et al. Serum cystatin C, uri-

nary neutrophil gelatinase-associated lipocalin and N-acetyl-be-

ta-D-glucosaminidase in juvenile and adult patients with systemic lu-

pus erythematosus: Correlation with clinical manifestations, disease

activity and damage [J]. Saudi journal of kidney diseases and trans-

plantation, 2015, 26(3): 497-506

[16] Oganesyan V, Damschroder MM, Cook KE, et al. Crystallization and

preliminary X-ray diffraction analysis of the complex between a hu-

man anti-interferon antibody fragment and human interferon al-

pha-2A[J]. Crystallogr Sect F Struct Biol Cryst Commun, 2009, 65(Pt

1): 14-6

[17] Luan J, Jiao C, Kong W, et al. circHLA-C Plays an Important Role in

Lupus Nephritis by Sponging miR-150[J]. Molecular therapy Nucleic

3055· ·



现代生物医学进展 biomed.cnjournals.com Progress inModern Biomedicine Vol.20 NO.16 AUG.2020

（上接第 3049页）
[21] 徐春厚.鸡粪发酵饲料的开发与饲用 [J].饲料博览, 2000, (07):

43-45

[22] 赵京音,姚政.微生物制剂 EM控制鸡粪堆制过程恶臭的研究[J].

农村生态环境, 1995, (04): 54-56

[23] 杨恕玲,侯丽鹏,翟玉蕊,等.菌种和辅料对鸡粪堆肥效果的影响

[J].中国农学通报, 2014, 30(24): 56-60

[24] 王国强,路文华,常娟,等.复合微生物制剂在鸡粪无害化处理中

的应用研究[J].中国畜牧杂志, 2018, 54(02): 113-117

[25] 席北斗,孟伟,黄国和,等.生活垃圾堆肥接种技术 [J].环境科学,

2003, (01): 157-160

[26] 柳冬梅,姜寿涛,张云影,等.不同菌剂处理鲜鸡粪发酵试验研究

[J].东北农业科学, 2019, 44(04): 59-62

[27] 于洪久,郭炜,王大蔚,等.微生物菌剂对堆肥过程中氨挥发的影

响[J].黑龙江八一农垦大学学报, 2016, 28(01): 73-75

[28] 杨柳燕 , 肖琳 . 环境微生物技术 [M]. 北京科技出版社 , 2003,

257-241

[29] Smars S, Gustafsson L, Beck-Friis B, et al. Improvement of the com-

posting time for household waste during an initial low pH phase by

mesophilic temperature control[J]. Bioresource Technology, 2002, 84

(3): 237-241

[30] 李群岭.不同发酵菌的堆肥效果研究[D].湖南农业大学, 2014

[31] 邬苏晓,肖正中.复合益生菌对鸡粪饲料发酵效果的影响[J].黑龙

江畜牧兽医, 2016, (14): 184-185

[32] 王道泽,谢国雄,李丹,等.不同微生物菌剂在鸡粪堆肥中的应用效

果[J].浙江农业学报, 2013, 25(05): 1074-1078

[33] 王亚飞,李梦婵,邱慧珍,等.不同畜禽粪便堆肥的微生物数量和

养分含量的变化[J].甘肃农业大学学报, 2017, 52(03): 37-45

[34] 兰时乐,戴小阳,李立恒,等.油菜秸秆和鸡粪高温堆肥中微生物

数量变化研究[J].江苏农业科学, 2010, (02): 365-368

acids, 2018, 10(undefined): 245-253

[18] Leatherwood C, Speyer CB, Feldman CH, et al. Clinical characteris-

tics and renal prognosis associated with interstitial fibrosis and tubu-

lar atrophy (IFTA) and vascular injury in lupus nephritis biopsies[J].

Seminars in arthritis and rheumatism, 2019, 49(3): 396-404

[19] Yung S, Yap DY, Chan TM. Recent advances in the understanding of

renal inflammation and fibrosis in lupus nephritis[J]. F1000Research,

2017, 6: 874

[20] Leelahavanichkul A, Souza AC, Street JM, et al. Comparison of

serum creatinine and serum cystatin C as biomarkers to detect sep-

sis-induced acute kidney injury and to predict mortality in CD-1 mice

[J]. Am J Physiol Renal Physiol, 2014, 307(8): F939-48

[21] Barreto EF, Rule AD, Murad MH, et al. Prediction of the Renal Elim-

ination of Drugs With Cystatin C vs Creatinine: A Systematic Review

[J]. Mayo Clinic proceedings, 2019, 94(3): 500-514

[22] Ghys L, Paepe D, Smets P, et al. Cystatin C: a new renal marker and

its potential use in small animal medicine[J]. J Vet Intern Med, 2014,

28(4): 1152-164

[23] Pavkov ME, Knowler WC, Hanson RL, et al. Comparison of serum

cystatin C, serum creatinine, measured GFR, and estimated GFR to

assess the risk of kidney failure in American Indians with diabetic

nephropathy[J]. Am J Kidney Dis, 2013, 62(1): 33-41

[24] Kar S, Paglialunga S, Islam R. Cystatin C Is a More Reliable

Biomarker for Determining eGFR to Support Drug Development

Studies [J]. Journal of clinical pharmacology, 2018, 58 (10):

1239-1247

[25] Miller WG, Jones GRD. Estimated Glomerular Filtration Rate; Labo-

ratory Implementation and Current Global Status [J]. Advances in

chronic kidney disease, 2018, 25(1): 7-13

[26] Ghys L, Paepe D, Smets P, et al. Cystatin C: a new renal marker and

its potential use in small animal medicine[J]. J Vet Intern Med, 2014,

28(4): 1152-1164

[27] Pavkov ME, Knowler WC, Hanson RL, et al. Comparison of serum

cystatin C, serum creatinine, measured GFR, and estimated GFR to

assess the risk of kidney failure in American Indians with diabetic

nephropathy[J]. Am J Kidney Dis, 2013, 62(1): 33-41

[28] Bj觟rk J, Nyman U, Berg U, et al. Validation of standardized creati-

nine and cystatin C GFR estimating equations in a large multicentre

European cohort of children [J]. Pediatric nephrology (Berlin, Ger-

many), 2019, 34(6): 1087-1098

[29] Mao W, Liu S, Wang K, et al. Cystatin C in Evaluating Renal Func-

tion in Ureteral Calculi Hydronephrosis in Adults[J]. Kidney & blood

pressure research, 2019, undefined(undefined): 1-13

[30] Peco-Anti A, Ivani觢evi I, Vuli evi I, et al. Biomarkers of acute kid-

ney injury in pediatric cardiac surgery [J]. Clin Biochem, 2013, 46

(13-14): 1244-1251

[31] Zhou B, Zou H, Xu G. Clinical Utility of Serum Cystatin C in Pre-

dicting Diabetic Nephropathy Among Patients with Diabetes Mellitus:

a Meta-Analysis [J]. Kidney & blood pressure research, 2016, 41(6):

919-928

[32] Chen H, Li H. Clinical Implicatio n of Cystatin C and 茁2-Microglob-

ulin in Early Detection of Diabetic Nephropathy[J]. Clinical laborato-

ry, 2017, 63(2): 241-247

3056· ·


