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Correlation between CKAP4 in urinary extracellular vesicles and clinicopathology and

prognosis of diabetic nephropathy
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[Abstract] Objective: To investigate the ability of the histological expression of the key protein cytoskeleton-associated protein 4
(CKAP4)in urine extracellular vesicles as a biomarker for the progression of diabetic kidney disease (DKD). Methods: A total of 143
type 2 diabetic patients with biopsy-proven DKD and 10 patients with renal malignant tumors were enrolled from the First Affiliated
Hospital of Nanjing Medical University. The expression of CKAP4 in renal tissue was detected by immunohistochemistry. Spearman’s
correlation analysis was used to analyze the correlation between CKAP4 expression level and clinical indicators. The area under the

receiver operating characteristic (ROC) curve (AUC) was calculated to assess whether CKAP4 expression could effectively distinguish
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patients with poor renal prognosis. ROC curve analysis was used to determine the best cut-off value of CKAP4 score for renal events
(highest Youden’ s index). Time-dependent AUC analyses were also performed to characterize the predictive accuracy of CKAP4
beyond 6 months after renal biopsy. In addition, hazard ratios between CKAP4 and DKD progression were calculated using by Cox
proportional hazards models. The clinicopathological factors with statistical significance (P < 0.05) in univariate analysis were included
as covariates in multivariate Cox proportional hazards model analysis. Kaplan-Meier analysis was used to evaluate the difference in
survival beyond 6 months after renal biopsy between CKAP4 high-expression and CKAP4 low-expression groups. Results: Compared
with the adjacent normal kidney tissues of tumor patients, the expression of CKAP4 in the kidneys of DKD patients was significantly
increased (P < 0.05). The expression of CKAP4 in renal tissues of DKD patients was different in different stages, and the differences
between stage Il and stage Il , stage Il and stage IV , and stage Il and stage IV were statistically significant (P < 0.05). The
expression level of CKAP4 in DKD patients was positively correlated with serum creatinine, urea nitrogen and 24 h urine protein, while
negatively correlated with estimated glomerular filtration rate and hemoglobin. During a median follow-up period of 2.22 years,
63 patients (44.06% ) had DKD progression. Pearson correlation analysis showed that CKAP4 increased with the increase of
pathological grade of DKD (r=0.808, P < 0.001). Of note, multivariate Cox regression analysis showed that elevated CKAP4 was
associated with an increased risk of DKD progression (HR: 4.120, 95% CI: 1.730-9.811, P=0.001). In addition, in Kaplan - Meier
survival analysis, patients with high CKAP4 expression had a significantly higher incidence of renal endpoint events than those with
low CKAP4 expression(P < 0.001). At the same time, a nomogram was developed including CKAP4 classification to predict the risk of
DKD progression (C -index: 0.689). Conclusion: Our findings suggest that expression of CKAP4, derived from urine extracellular
vesicles, is an independent risk factor for disease progression over 6 months after renal biopsy in DKD patients.
[Key words] diabetic nephropathy; urine extracellular vesicles; CKAP4; fibrosis
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Patients with DKD in stages Il -1V (n=172)
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Finally included in the study(n=143)

Adult patients with insufficient clinical or
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DKD: diabetic kidney disease; ESKD: end-stage kidney disease.
1 DKD ZEBEHRIEE
Figure 1 Flow chart of DKD patient recruitment
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Table 1 Baseline clinical data of 143 patients with DKD

Clinical parameter Value
Agelyears, M(Pass Pys) ] 54(47,60)
BMI(kg/m®, x + 5) 25.01 £3.75

Scr[ wmol/L, M(Pas, Pss) ]
BUNLmmol/L, M(Pss, Ps) ]
eGFRLmL/(min-1.73 m’, M(Pss, Ps5) ]
Hemoglobin[ g/L, M(Pss, Ps5) ]

24 h urine protein[ mg/24 h, M(Pss, P35) ]
HbA1c[%, M(Pas, Prs) ]
Albumin(g/L,x £ )

Serum uric acid[ pmol/L, M(Pss, Pss) ]
FBGLmmol/L, M(Pas, P:5) ]
TGLmmol/L, M(Pas, P+s) ]
TCLmmol/L, M(Ps, Ps) ]
HDL-CLmmol/L, M(Pas, P:5) ]
LDL-CLmmol/L, M(P:s, P+s) ]

CKAP4 expression level [M(Pas, Prs) ]

124.30(89.30,206.65)
9.53(6.92,13.14)
66.00(38.50, 106.00)
110.00096.00, 128.00)
2 512.00(645.50,5 923.50)
7.10(6.30,8.25)
32.19+6.70
384.00(338.00,441.50)
5.52(4.30,7.83)
1.64(1.15,2.34)
5.21(4.16,6.33)
1.14(0.89, 1.42)
3.14(2.51,4.05
93.21(80.31,104.57)

*The mean integrated optical density of CKAP4 staining was quantified by Image-Pro Plus.

HEE MR, CKAPA 55955 38 32 30 CHL 36 995 22 73 21
TFTA - [8] 57 98 i « I/ 3 B 5 240 R I A A4k, ) 52 TR AH
F(P1<0.001).
24 CKAP4 TR /&5 A DKD %4 KA 8+ 4y
ik £

T ALY tE BoR, 55T IR ALA L, CKAP4 7
DKD B8 F I H AN RIEN &, FERIBAEE NE
AL B 2) o g BB 45 R WoR, me B R
LI CKAPA Rk TR F e . MR5Mk
2 IRENE2m K5IV [ Z5HH 5
TR (P <0.001, E3),
2.5 DKD %% CKAP4 5 B R J5 69 % &

FE AL BE U7 2.22 A 18], 63 453k F& 2N Ser 7K1
B 4% 8E ESKD. CKAP4 323K 0l B BIE 25 6 1 J5 19
AUC N0.667. >KH ROC 731 72 CKAP4 3Kk 1) 5
FEIG T . RIS E T (CKAP4 A R 1A £=81.6)
W B3 3 9 CKAP4 = Rk 2R CKAPA (IR R ik 4 .
Cox [ A 2 F #EAT B B AL 56, CKAPA X 'B JUE 791 )5 11
5 A2 P BB 152 . BRI 2R Cox [B1 A 20 BT K
P, I 41 25 A (HR=0.981, 95% CI: 0.970~0.993, P=
0.002) . FBG (HR=0.902, 95% CI: 0.816~0.996, P=
0.042) . & B (HR=1.003, 95% CI: 1.000~1.005, P=
0.026) . BUN (HR=1.078, 95% CI: 1.043~1.114, P <
0.001) . eGFR (HR=0.984, 95%ClI: 0.977~0.991, P <
0.001) . 24 h J§ % 1 (HR=1.086, 95% CI: 1.032~

1.142, P < 0.001) . %5 # 4> #] (HR=1.932, 95% CI:
1.506~2.479, P < 0.001) . Ifil. & B% 53§ £ 25 3¢ 43 (HR=
1.369, 95%CI: 1.011~1.853, P=0.042) . IfiL & & 1k, 1'F
73 (HR=1.523,95%CI: 1.138~2.039, P=0.005).CKAP4
15 (HR=1.036,95%CI: 1.017~1.055, P < 0.001) 5
DKD # & i M O¢ . 18 2 A& Cox [ 54 H
CKAP4 KX AR 2 DKD i3k J& i kST i [ IR 25 (HR=
4.120,95%CI:1.730~9.811, P=0.001, % 4) .

Kaplan-Meier AT RN, FERE VB TR B, 5
CKAP4 5 3215 20 (CKAP4 M5 R ik E=81.6) # LL,
CKAP4 KK IL 2 (CKAP4 X R IE B <81.6) [ & &
AR E (P <0.001, 4.

BEVT 123 AN BT A5 7R 129,
81.39 . &R BIR, % ABE VI 8] 51, CKAP4 7T
M DKD 32 & 5 R A€ . CKAP4 AT AT %
ARE ST, VAR 2 50 3 4R 5 6 B R 28 R 1) B ) 40 3t
P AUCAE 23 514 0.562(95%Cl: 0.368~0.756) . 0.691
(95% CI: 0.554~0.780) A1 0.633 (95% CI: 0.499~
0.768) (EI5A) o BLAMRYE 2228 5 73 A v i o 1 34>
T B 2 (FBG 24 h JR & . CKAP4 FRIATK ) #E AL
T AV, T 3 AT A A AR (B 5B)

ROC Hii 287> #7 & 7% , CKAP4 % 1) B I 2% 55 4%
J& 1 AUC 25 0.693 CR S 84.1%, 15 57 £ 53.7%) -
T DKD 33t & 1) ¢ B 1 C-index 24 0.689 (95%Cl :
0.553~0.708) . i CKAP4.eGFR J% 24 h JX & 1 1)
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Table 2 Clinical and pathological data of DKD patients at different pathological stages

Parameter

Stage Il (n=53)

Stage Il (n=52)

Stage IV (n=38)

Sex (male/female, n/n)

BMI(kg/m’, x + 5)

Serl wmol/L, M(Pss, Pys) ]

BUNL mmol/L, M(Pss, P35 ]
eGFR[mI/(min-1.73 m*, M(Pss, P35 ]
Hemoglobin[ g/L, M(Pss, P:5) ]

24 h urine protein[mg/24 h, M(Pas, P15) ]
HbAlc[%, M(Pss, Pss) ]
Albumin(g/L,x + 5)

Serum uric acid[ wmol/L, M(Pas, Ps5) ]
FBGLmmol/L, M(Pss, P+s) ]

TG mmol/L, M(Pss, P35 ]

43/10
25.57 £2.97
96.20(76.10, 140.10)
7.78(6.02,11.12)
101.00(60.00, 126.00)
125.00(108.00, 140.00)
1.75(0.66,3.55)
7.20(6.50, 8.30)
34.62 + 6.95
413.00(353.00,464.00)
5.17(4.09,7.23)
1.77(1.18,2.75)

36/16
24.59 +4.08

122.55(89.92,162.42)

9.21(7.19,10.89)

69.50(43.00,94.00)
102.50(93.75, 114.75)

4.87(2.46,9.78)
7.09(6.27,8.25)
29.92 +5.98

371.00(323.25,413.75)

5.71(4.70,7.22)
1.52(1.11, 1.83)

25/13
24.81 +4.21
206.65(158.05,299.25)
13.44(9.70, 17.00)
36.00(22.00,52.75)
105.50(95.25, 113.75)
4.88(2.29,7.31)
7.20(5.99,8.05)
31.91 £6.28
395.00(334.50,444.25)
5.78(3.87,9.46)
1.85(1.14,2.57)

TCLmmol/L, M(Pss, P5s) ] 4.45(3.89,5.77) 5.44(4.68,6.86) 5.17(4.12,6.51)
HDL-CLmmol/L, M(Pys, P15 ] 0.9500.85,1.24) 1.33(1.04, 1.64) 1.06€0.84,1.30)
LDL-CLmmol/L, M(Ps, P:5) ] 2.87(2.28,3.72) 3.49(2.75,4.28) 3.08(2.51,4.00)
CKAP4 expression level [M(Pss, Pys) ] 79.52(77.18,81.42) 94.23(92.54,96.07) 111.09€107.96,112.27)
Pathology
IFTA score(0/1/2/3, n/n/n/n) 2/24/22/5 0/21/23/8 0/2/19/17
Interstitial inflammation score (0/1/2, n/n/n) 4/36/13 4/25/23 0/14/24
Arteriolar hyalinosis score(0/1/2, n/n/n) 16/36/1 2/36/14 2/15/21
Arteriosclerosis score (0/1/2, n/n/n) 53/0/0 38/13/1 18/12/8
Parameter P(overall) PCIT vs. T PCI ws. IV) PCII vs. IV)
Sex(male/female, n/n) 0.209 0.158 0.097 0.209
BMI(kg/m*,x £ ) 0.380 0.277 0.253 0.380
Ser[ wmol/L, M(Pss, Pr5) ] <0.001 0.037 <0.001 <0.001
BUNL mmol/L, M(P»s, Ps5) ] <0.001 0.107 <0.001 <0.001
eGFR[mL/(min+1.73 m*, M(Pss, P:5) ] <0.001 0.004 <0.001 <0.001
Hemoglobin[ g/L, M(Ps, Pss) ] <0.001 <0.001 <0.001 <0.001
24 h urine protein[mg/24 h, M(Pss, Ps5) ] <0.001 <0.001 <0.001 <0.001
HbAlc[ %, M(Pss, Prs) ] 0.604 0.465 0.344 0.665
Albumin(g/L,x + 5) 0.001 <0.001 0.018 0.001
Serum uric acid[ pmol/L, M(Pss, Pss) ] 0.118 0.040 0.509 0.121
FBGLmmol/L, M(Pss, P7s) ] 0.618 0.330 0.530 0.818
TGLmmol/L, M(Pas, Prs) ] 0.113 0.062 0.888 0.039
TCLmmol/L, M(Pss, Ps5) ] 0.015 0.004 0.198 0.019
HDL-CLmmol/L; M(Pas, P+s) ] <0.001 <0.001 0.732 0.208
LDL-CLmmol/L, M(Pss, P+s) ] 0.042 0.013 0.214 0.045
CKAP4 expression level [ M(Pss, Pys) ] <0.001 <0.001 <0.001 <0.001
Pathology
IFTA score(0/1/2/3, n/n/nin) <0.001 0.494 <0.001 <0.001
Interstitial inflammation score(0/1/2, n/n/n) 0.002 0.106 <0.001 0.002
Arteriolar hyalinosis score (0/1/2, n/n/n) <0.001 <0.001 <0.001 <0.001
Arteriosclerosis score(0/1/2, n/n/n) <0.001 <0.001 <0.001 <0.001

*The mean integrated optical density of CKAP4 staining was quantified by Image-Pro Plus.
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Table 3  Correlation between CKAP4 and clinical patho -
logical indicators in patients with DKD

Parameter r P

Sex 0.122 0.075
Age -0.031 0.713
BMI -0.049 0.561
Hemoglobin -0.269 0.001
HbAlc -0.070 0.407
FBG 0.049 0.563
Albumin -0.142 0.092
HDL-C 0.010 0.906
TC 0.101 0.228
LDL-C 0.102 0.227
TG -0.013 0.874
Serum uric acid -0.103 0.223
BUN 0.274 0.001
Ser 0.235 0.005
24 h urine protein 0.259 0.002
eGFR -0.442 <0.001
Pathology

DKD classCII/IT/IV) 0.808 <0.001

IFTA score 0.287 <0.001

Interstitial inflammation score 0.244 <0.001

Arteriolar hyalinosis score 0.385 <0.001

Arteriosclerosis score 0.359 <0.001

AUC H A Z A K (CKAP4 vs. eGFR: 0.693 vs. 0.777;
CKAP4 vs. 24 h JRE H:0.693 vs. 0.733, K 6) . 1X$2
7~ CKAPA B 5 34T I PR 4 b 4 AH 24 00 95 93 X
I T e 77 -

3 3 i

' 8] 57 21 44k 2 DKD (1) 55 B B iR 2 —, H
AN 25 4 T s ST PR R IAE TR, R 3 EL
ESKD [ # Z K . 76 DKD K JE IR, B E
TEPEIA T 25 51 K — RV E AR HwBEARAL, ok b -
8] 78 Fi %% fb (epithelial - mesenchymal transition,
EMT)™), P - [8] 78 5 4% {& (endothelial- mesenchy-
mal transition, EndoMT) "™ DL K & 21 24 4 a1 & 44
MR . o, EMT I #2 B A B 2 AR 1E, Bk
D4 B N R B2 Can E-ES R R D D, BAUK TR 78
Bibr &, Wo-F18 WUVLEN & E  BET R0 s 7 1t
HALAEEAREEAMBILE A2,
REAEBTE 78 K I, CKAP4 IR IE 5L R HRIL 2 IE
FAOG, T -5 50 8 R0k B B3 U, £
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Figure 2 Representative immunohistochemical images of

CKAP4 expression in DKD patients with different

pathological stages
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Figure 3 Expression of CKAP4 in patients with different
pathological stages
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Table 4 Univariate and multivariate Cox regression analysis of the relationship between CKAP4 level and renal prognosis

Univariate Multivariate
Parameter HR(95%CD) P HR(95%CD) P
Sex 1.251€0.713-2.194) 0.435
Age 0.997(0.973-1.022) 0.820
BMI 1.005(0.934-1.081) 0.900
Comorbidities
Hypertension 1.691(0.738-3.871) 0.214
Cardiovascular events 0.841(0.332-2.131) 0.715
Laboratory parameters
Hemoglobin 0.981(0.970-0.993) 0.002
HbAlc 0.921(0.785-1.081) 0.315
FBG 0.902(0.816-0.996) 0.042 0.891(0.806-0.984) 0.023
Albumin 0.972(0.939-1.006) 0.108
HDL-C 0.807(0.420-1.551) 0.520
TC 1.030€0.896-1.184) 0.679
LDL-C 1.044(0.847-1.286) 0.687
TG 1.064(0.892-1.268) 0.493
Serum uric acid 1.003(1.000-1.005) 0.026
BUN 1.078(1.043-1.114) <0.001
Ser 1.003(1.001-1.004) <0.001
24 h urine protein 1.086(1.032-1.142) 0.001 1.080(1.000-1.140) 0.005
eGFR 0.984(0.977-0.991) <0.001
Medications
RAASi 0.380€0.203-0.714) 0.003
SGLT2i 1.171€0.606-2.263) 0.639
B-locker 1.199(0.672-2.141) 0.540
CCB 1.229(0.642-2.355) 0.533
Statins 0.623(0.346-1.121) 0.114
Pathological features
CKAP4 expressionChigh vs. low) 1.036(1.017-1.055) <0.001 4.120(1.730-9.811) 0.001
DKD classCIT/TM/IV ) 1.932(1.506-2.479) <0.001
IFTA score(0/1/2/3) 1.159€0.907-1.480) 0.237
Interstitial inflammation score (0/1/2) 0.998(0.721-1.380) 0.989
Arteriolar hyalinosis score (0/1/2) 1.369(1.011-1.853) 0.042
Arteriosclerosis score(0/1/2) 1.523(1.138-2.039) 0.005

RAAS:I: renin-angiotensin-aldosterone system inhibitor; SGLT2i: sodium-glucose cotransporter 2 inhibitor; CCB: calcium channel blocker.
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Figure 4 Comparison of the survival between patients
with high and low CKAP4 expression
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A: Time-dependent ROC curve analysis for predicting patient prog-
nosis based on CKAP4 expression. B: Nomogram model for the three-
year period without renal endpoint events. This survival model provides
a prognostic model that can calculate the survival probability of patients
without renal endpoint events in the first three years based on the combi-
nation of 24 h urine protein, CKAP4 classification and FBG.
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Figure 5 Time-dependent ROC curve analysis and nomo-

gram analysis
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