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Prognostic value of serum chemokine C-C motif ligand 19 (CCL19)

and CCL21 levels in hospitalized patients with heart failure
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Abstract: Objective To investigate the clinical value of serum chemokine C-C motif ligand 19(CCL19) and CCL21
levels in hospitalized patients with heart failure (HF). Methods A total of 221 hospitalized HF patients were enrolled in
the Department of Cardiology, South Hospital of Fujian Provincial Hospital from December 2018 to October 2021 (heart
failure group), and 55 healthy people in the same period served as the control group, and they were followed up regularly
after discharge. Serum CCL19 and CCL21 levels were detected by enzyme-linked immunosorbent assay and baseline clinical
data was collected. Time-dependent receiver operating characteristic curve (ROC), Kaplan-Meier survival curves and Cox
regression analysis were used to assess the prognostic value of CCL19 and CCL21 on HF. Results Finally, 170 patients
with HF were included. The median follow-up time was 722.5 (396.5, 898.0) d, 30 all-cause deaths and 78 composite
endpoint events (including all-cause death, acute myocardial infarction, malignant arrhythmia, sudden death and heart failure

readmission) occurred. Patients in HF group had higher concentrations of CCL19 and CCL21 than subjects in non-HF group.
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In multivariate Cox regression models, CCL19, CCL21 and both CCL19 and CCL21 elevated were associated with higher
risk of all-cause mortality [HR(95%CI): 3.904 (1.561-9.760); 3.946 (1.561-9.978); 6.048 (2.646—13.824)]. CCL21 and
both CCL19 and CCL21 elevated were associated with higher risk of composite endpoint events [HR(95%CI): 2.204
(1.350-3.599); 1.883 (1.157-3.066)]. Time-dependent ROC indicated that the elevation of CCL19, CCL21 and CCL19

combined with CCL21 could better predict all-cause death at each time point and the occurrence of long-term composite

endpoint events in patients with HF. Kaplan-Meier curve showed that patients with elevated serum CCL19, CCL21, and
CCL19 combined with CCL21 had a higher incidence of all-cause mortality and composite endpoint events (all P<<0.05).

Conclusions

Serum CCL19 and CCL21 levels are significantly increased in patients with HF. Both serum CCL19 and

CCL21 are associated with all-cause mortality in patients with HF. Elevated CCL21 is associated with composite endpoint

events in patients with HF.
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AR SR, L P<0.05 NESASHE X,
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41 55 ], XF— MO R RHIEAT AR, W 1. B5RE
N, DI EBRCE I LB L 1% CCL19 1 CCL21 7KF- i
T HE A, 2T A L JE [ KA R (P<<0.05),
AL PR 22 R G248 L (¥ P>0.05), WLk 1.,

RO 50 IR SRR I R Bk

1 ke e ik Wi e FFikIE BMI
(%) [#1(%)] (mmHg) (mmHg) (kg/m?)

Xif B 55 74,98 +5.41 28(50.91) 132.00(120.00, 147.00)  74.00(67.00, 86.00)  23.64(22.19,24.91)
L EE 170 74.80+8.35 104(61.18) 130.00(117.00, 141.00)  77.00(71.00, 87.00)  23.21(20.81, 25.74)
HZME 0.187 1.807 -0.669 -1.138 —0.798
PfE 0.852 0.179 0.504 0.255 0.425
) SE ] Tsg g JIEAR: A= L JULET lglCCL19 lglccr2

(X10°/L) (g/L) (mmol/L) (pmol/L) (ng/L)] (ng/L)]
it 6.40(5.80,7.50)  146.16%+13.78 5.54(5.03, 6.27) 70(61, 80) 231£0.23 2.3340.29
IPS73 6.80(5.50,8.53)  125.58+23.47 3.84(3.23, 4.80) 93(69, 122) 2.48+0.32 2.76+0.25
uZi* —1.684 7.957 -8.108 —5.491 —3.683 -10.751
PlE 0.092 <0.001 <0.001 <0.001 <0.001 <0.001
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Tt = 41 i UBT 7K S . NT-proBNP FUHE JR G . Bk ifi 4 0
WS | 4 PRI BE T S 1 A AR R 5 (35 P<<0.05) o AHXT
T CCL21 W i ¢H , CCL21 F+ /& 41 & 2 il WL BT K °F |

NT-proBNP Fl g KIET- % | B A4 b F 4 £ 4 R R
ThE (¥ P<0.05), W32, 33,

R 2 CCLI9 R4S CCL19 Ft & 2 0> 35 8 3 B2k ook}

A Wk NYHALIIRES K (%) ] lheris
4] %
(%) [#1(%)] m%% me V% (mmHg)
CCL19{% 85 75.01+8.63 53(62.35) 10(52.6) 36(42.35) 39(45.88) 132.0(119.0, 146.0)
CCL19F+% 85 74.59+8.10 51(60.00) 9(10.59) 39(45.88) 37(43.53) 128.5(115.8, 148.2)
vZIME 0330 0.099 0.255 ~0.584
PlH 0.742 0.753 0.893 0.559
.- F IR A IR [1](%)]
(mmHg) TR IfiL BRI BumbolsE O AREELOIUE IR IUR RO TR
CCL19WAE 73.4410.7 56(65.89) 22(25.88) 29(34.12) 6(7.06) 10(11.76) 15(17.65)
CCL19T}& 75.9414.5 65(76.47) 35(41.18) 42(49.41) 3(3.53) 7(8.24) 16(18.82)
vZME —0.479 2322 4.460 4.087 0.469" 0.588 0.039
PfH 0.633 0.128 0.035 0.043 0.493" 0.443 0.843
g5 LVEF WA BMI ST i LDL-C NS Lg[NT-proBNP
(%) [51(%)] (kg/m?) (mmol/L) (mmol/L) (pumol/L) (ng/L)]
CCL19J{% 56(48,59) 30(35.29) 23.5(21.3,26.0) 4.18(3.36,5.11)  2.70(1.63, 3.42) 86(67, 113) 3.4410.34
CCL19T}#% 55(45,59) 35(41.18) 22.9(20.8,25.6) 3.56(2.95,4.42) 2.24(1.64,2.91) 98(67, 157) 3.6410.45
vZIME —0.866 0.623 —0.885 -1.518 -1.635 -3.157 —2.943
PlH 0.387 0.430 0.376 0.129 0.102 0.002 0.004
13 5 [51(%) ] SRR (%)]
ACEI ARB P32 A< R 7] S T LV 24 FIIRF SHFETS HELEFT
CCL19JA% 4(471) 26(30.59) 51(60.00) 18(21.18) 48(56.47) 7(8.24) 33(38.82)
CCL19T}#% 1(1.18) 33(38.82) 47(55.29) 27(31.76) 44(51.76) 23(27.06) 45(59.94)
HZME 0.824" 1.272 0.385 2.448 0.379 10.362 3411
PlE 0.364" 0.259 0.535 0.118 0.538 <0.001 0.065

R PR U B AR ME 22 (R ) KR 5 JRIE A 20 A i OB A A A2 80 (P, Pr) 3R7R o CCL19W a1l BR 7 C-CHE ) L 1A 195
LVEF 72 % I 11 43 %0 BMUA 4 8 5 50 LDL-CO IR %% 5 I £ 11 I [ 7 5 NT-proBNP 2y 2 H A 3 i 1] PR #7 IKH 4; ACEL 1 4 52 5 3R e i i 40

255 ARB L 45 5 5 3 52 VR BELA 24 5 "3 7% T 20 1A Lo B8R PSS IE 033

2.3 Imi& CCL19 #1 CCL21 51» 3 & & NT-proBNP
# Pearson #8 X 4 4> #7  Pearson #H 56 M 2> 1 B 7%,
1gCCL19, 1gCCL21 /K5 1gNT-proBNP 7K -5 14 5%
(r=0.32, r=0.26, ¥4 P<<0.05), LK 1,

24 BEEMEEZE Cox @PH M0 FEE M
FEHWEZE H K ZE CoxlH4H &~ , CCLI9,
CCL21 /K ¥ T+ LA K CCL19 5 CCL21 ¥ FH &5 i .0 5
BB kA A TRBE T I XU 14 5 (35 P<<0.001) (D I 2%
JR B e S1) o X BAPI 2 Cox [l 43K rh o 2 AL T4
SEEK (35 AR (NT-proBNP, 5 ¥ WA | e i P 00 35
FUILEF ) g0 ABLAY 2 £ 0E J5 #2715, CCL19., CCL21 L K¢
CCL19 5 cCL21 w0 B KB 2 AT/
a5 & (P<<0.05) o 7ERLAL 2 Y 5Ll b 94 AL G20
A FHOCAE IS R AL IE (A% . I, Bl PR . LDL-C.,
LVEF, /> ¥J fig ), # /R CCL19, CCL21 Il } CCL19
5 CcCL21 ¥7t i i B kAR A R AE T 1 fE B

F (¥ P<0.01), W 2A, H U455 0L W 2% JR B 2
S2~87,

CCL19. CCL21 /KF- Tt L K CCL19 5 CCL21 ¥y
Thiss 0.0 52 BB KR A 2 VR U 1S i (X P<
0.05) (&l 2B) . %t 8P 28 Cox 8] U343 & b vt 42 A 205
FAEA SR M HE A5 OB RS . @ 1l JE . NT-proBNP., JilL
I LoD P A 8 R R, DI 4 R YR S8) 4
ABERL 2 K IE 5 $# 7, {L CCL21 F+ & L & CCL19 5
CCL21 ¥ O B B KA A L FF el
2 (3 P<0.05) . FERLHEL 2 (IR b AL S8 0 i 5S
FHOC S B DR 3R AR 8 W L 55 P o e ot e o O 90
LDL-C. LVEF) & IE , #2& 5 CCL21 kL & CCL19 5
CCL21 Tt O B B AEE AL T faR
% (¥ P<0.05), 1fiif CCL19 Ft i xf & A& &S 1k k4
TGt #FE X (P=0.191), W& 2B, H 455 UL M 4%
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*£3 CCL21 W45 CCL21 FHE A0 3 B F i3k okt

a5 o RS Bk NYHAC R854 [6i](%) ] Wi
(%) [$1(%)] % IE3 V4 (mmHg)
CCL21J#i ik 85 74.85+9.07 38(44.71) 11(12.94) 39(45.88) 35(41.18) 133.0+£233
CCL217t 85 74.75+7.61 28(32.94) 19(11.18) 75(44.12) 76(44.71) 131.0+26.8
Wzl A 0.073 2.477 1.067 -0.155
PfH 0.942 0.116 0.586 0.877
g FakIE éﬁ%ﬁmﬁaﬁ[@(%ﬂ
(mmHg) 10 W Bul b oy RERLIYE Pk ELG AR SRS o
CCL21J# A% 75.5+13.9 59(69.41) 24(28.24) 34(40.00) 4(4.71) 10(11.76) 16(18.82)
CCL217t & 73.3£10.9 62(72.94) 33(38.82) 37(43.53) 5(5.88) 7(8.24) 15(17.65)
HZIME 0.131 0.258 2.138 0.218 0.001" 0.588 0.039
PlE 0.896 0.611 0.144 0.641 0.999* 0.443 0.843
051 LVEF W AR BMI ST [ LDL-C JiINGS Lg[NT-proBNP
(%) [#1(%)] (kg/m*) (mmol/L) (mmol/L) (umol/L) (ng/L)]
CCL21W# % 55(48,59) 29(34.12) 22.6(20.6,26.2)  3.90(3.04,4.82) 2.60+1.03 82(66, 120) 3.4940.38
CCL217tH 57(45,59) 36(42.35) 23.5(21.3,25.5) 3.66(3.10,4.78) 2.62+1.28 98(70,132) 3.60+0.44
HZME —0.041 1.221 -0.573 -0.209 -0.368 -2.213 -2.129
PlH 0.968 0.269 0.566 0.835 0.714 0.027 0.035
415 L [f(%)] SRR L)(%)]
ACEI ARB BEZAABELA 5] 53 T L 2 F IR SRBET HER S
CCL21J# ik 1(1.18) 35(41.18) 51(60.00) 20(23.53) 43(50.59) 6(7.06) 28(32.94)
CCL21F} 4(4.71) 24(28.24) 47(55.29) 25(29.41) 49(57.65) 24(28.24) 50(58.83)
1z A 0.824% 3.141 0.385 0.756 0.853 13.114 11.466
PlH 0.364" 0.076 0.535 0.385 0.356 <0.001 <0.001
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LVEFA 75 % 5} 1l 3 %55 BMUWy /K 546 #5; LDL-Cob 1 %5 B2 IR &5 11 BEL I 55 NT-proBNP A %2 5 2R 3 il 1) Bk 4 IR AT 45 ACEH I A7 % 5 3% 4% 452 g4

il 25 ARB I A5 55 3k 3 52 PR BV 2475 "3 7% W 201 1R LL B8R PSS IE 3 H 3T
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1: A B 1gCCL19 5 1gNT-proBNP {141 F 443475 B 2 1gCCL21 5 1gNT-proBNP [ AH 43 0T . 1gCCL19 %t $ikh e iy #a 1L P F C-C 7L
14 19; 1gCCL21 g X B ¥ i) B4 AL B F- C-C /7 LA 215 1gNT-proBNP Sy X 5% 8t 14 22 35 2 i i 41 bR 90 R
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eSS A

EYARE R HR (95%Cl) PlE &R HR (95%Cl) PlE 3 HR (95%Cl) Pi&
CCL19(>270 ng/L) 4.415(1.885~10.340) <0.001 3.897(1.588~9.564) 0.003 3.904(1.561~9.760) 0.004
CCL21(>554 nglL) 4.881(1.991~11.966) <0.001 3.896(1.563~9.712) 0.004 3.946(1.561~9.978) 0.004
CCL195CCL2187+7 6.193(2.917~13.151) <0.001 5.281(2:391~11.664) <0.001 6.048(2.646~13.824) <0.001

01 2 3 01 2 3 0123
A
EEARREH

EARRE R HR (95%Cl) PlE  fEHED HR (95%Cl) PlE  fERE3 HR (95%Cl) Pi&

CCL19(>270 ng/L) F=— 1575(1.003~2473) 0048 w=—  1419(0.878~2.293) 0.153  wa—  1.388(0.849~2.269) 0.191

CCL21(>554 ng/L) ! —=—2.267(1.415~3.631) <0.001
CCL195CCL21#9FE | —=—>2.041(1.288~3.233)  0.002
— T

01 2 3

—s—> 2.088(1.294~3.369) 0.003
I—s— 1.849(1.142~2.993) 0.012

o1 2 3

! —=—> 2.204(1.350~3.599) 0.002
I—=—> 1.883(1.157~3.066) 0.011

01 2 3

TE: Aj CCL19, CCL21 FH & LA Ko CCL19 Bk CCL21 34 Fh o X0 32 [ 35 4 PR JE T~ 8 1) T0IW 75 AR AL A poBSEAS 1 2 B 3R Cox [R11H 43
v, ALY 2 7 X 2 5 2 o i R DR 44 KT (NT-proBNP) . 53 ¥k L WA L 58 i P00 I . LIEFASS TE A9 Cox [m1 A 23 A 45 2R, 680 3 2 AR LAY 2 Y LAt I
XA WY R U B DR AT i AR IR L 2 G oy A O D REAL IE Y Cox [E 4 AT 45 5. B O CCL19, CCL21 JHi A & CCL19 Bk &
CCL21 Tk ey %0 3 O B A 2 S R R TR T AR L B AR 1 2 B[R 3R Cox 1T 40 #7, ARERY 2 S X B PR | 185 IfL . NT-proBNP. JILEF
DIIRERLIE Y Cox [V 4328 5L, A 3 2 AEASIY 2 (g L mt XA I8 L WA L 55 ¢ | ot oo TSR V%65 32 R 8 7 LT L 7 = O 1M o3 B8ORE IE 1Y
Cox [HF43Mrah . CCL19 SAiafk A F C-C FF M iA 19; CCL21 A#a bR F C-C I FHELiA 21,

& 2

2.5 1% CCL19#1 CCL21 3t T EE W /FHI A
&

2.5.1  BfEMRH T ROC BHZEIFAE CCL19 Al CCL21 %
O EFE SR T HINANE  B 3A~F JER THET
CCL19, CCL21 VL Bk & CCL19 #1 CCL21 Fr #i il i)
DEFERETEO0S5, 1, 1.5, 2 K 2.5 4EAF £ HFET ROC Hif
2k Fl AUC . 8 3B. 1D. 1E $%7~, CCL19, CCL21 D
J CCL19 Bk A CCL21 X0 3 i & 2 FE T 110 X 43 fig
TR 2.5 F 5 TROE, £ W E & AUC /) 45
fIHE IR 0.7 DAL, AT DAASe b b 03000 26 2 A 4% B[]
RUERIET

2.5.2  WHEMEHEITE ROC fiIZE T4 CCL19 #il CCL21 Xt
D BEE AL S E MBI E K 4A~F JEIR
T 3 F CCL19, CCL21 L) K B4 CCL19 A1 CCL21 it
MLOFERETE 0.5, 1, 1.5, 2 M 25 4B A& s F
f) ROC & F1 AUC f. K 4B, 1D, 1E #2&/~, CCL19,
CCL21 DA KBk 4 CCL19 Fll CCL21 XD 3R H I G4
SRR X RE TR I IR 1 ARSR 2%, BE A I a] i e,
AUC & ¥ F+ & 2 254F Ja #a T #2 &, #& 78 CCL19,
CCL21 DL K4 CCL19 I CCL21 A %5 - 500 o 8 £
HIEWE U S F R

26 IiE CCLI9FI CCL21 ML REEMELER

HEFRZ& ST

2.6.1 IfiL{f CCL19 Fll CCL21 T .0> 3 H 5 4 N BT
BT 20 AR CCL19 H A% (270 ng/L) L) K
CCL21 F {4 (554 ng/L) 4340, 05 43 CCL19 I
fik41 (<270 ng/L) il CCL19 FHE4L(>270 ng/L), CCL21
WA 2H (<554 ng/L) Fil CCL21 FH & 2H (>554 ng/L) , &

R K 2 K2 Cox [MIH4MHT CCL19 5 CCL21 X0 % H 35 15 1 150 7 H (n=170)

17 0 SR CCL19 Al CCL21 THE .0 B R B 4
BIBET KU =, UL S

2.6.2 ML CCL19 fil CCL21 il .03 f 2 A 45
FOWEAIML P EAEIZ B s CCL19 Fl
CCL21 ML A B A A AT R LR &, W
6,

2,63 IfiLiE CCL19 B4 CCL21 Fiil.or 58 He 3 1 4%
JRBEAF 2 AT MR 4l CCL19 H 43 %k (270 ng/L) LA
K CCL21 w7 % (554 ng/L) 4y 41, % .0 F B #H
CCL19 5 cCL21 7= 4 fndE CCL19 5 CCL21 ¥+
4. B TA R CCL19 5 CCL21 H Tt M4l
S RAE T 2 & A U 75 8] 7B 7R CCL19 5 CCL21 ¥
FHE A0 B B AL AR R & .

3 W #

A B 5E K BT BE O 3 AR S A LT CCL19 Al
CCL21 V& JE B W T TR O A, 32 1 s v
DEBRF I CCL19 Fl CCL21 K F-THE, 55 Yndestad ™
K Ueland 25" | Lindner 25 2% 2% #7600 5 TP (14 I PR B
FEAERA — 3 X AT RESE B 0 R A i KR
fof T BE 5 T 980 40 L B R AE TR D WL 21363k
A, AR O UBCET 4 20 BRI i A B, i — 25 e 0 ULER
AL 5222 Yndestad %5 1" i 3 BUA R )0 5 B
AL FE S, Sl I A S A e X R N & A
> CCL21 [ mRNA Kk b i, TR 100 B ke
BG A DAL CCL21 Fak i A N I8, 1% A 58 $ 1L
5 CCL21 /K- 5.0 L4 CCL21 ikl K, 75—
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H: AL B AT CCLI9 W03 83 0.5, 1, 1.5, 2 K 2.5 - uF & FET- 1Y ROC #2811 AUC {H; C. D 2 F CCL21 .0 % B 3 0.5,
1. 1.5, 2 B 2.5 44 R FE T #9 ROC HiI Z& il AUC {E; E. F & T CCL19 BKA CCL21 Tiill.O & 8 0.5, 1. 1.5, 2 K& 2.5 4EBF 4 R BET-#Y ROC
125 1 AUC i . CCL19 Ry #afb BB 7 C-C 3 /¥ BL ik 19; CCL21 ek Bl 7 C-C & ¥ it f& 215 ROC 1h £k 2 32 120 % 2 /R RRAE 1 £k AUC il £

T

B3 FTF CCL195 CCL21 T A [R] s [A] 500 32 B 35 4 R BB T A I [R) 46 ROC 4k (n=170)

O'BrienM % %) 7 3= 5 Jik 45 78 34 /e 0 3 R ) 6 fof
W A0 2R/ SN 1 & 3 CCL19 Fit CCL21
235 . Yu %2 BFgE & B, I8 R AR 5T B 0 T L
Hil N E BB B2 4N CCL19 By k. U EWFoE £,
CCL19 J CCL21 55 il i 75 & B faf . M3 311 7 27 2l A8 AH
X, $&78 CCL19 A CCL21 1T LA i 75 5 4 i 20 00 L
T2 AR A R S A R 4 A A 3 5 o S AL
Z 5 2R A BRI kA KR, A FBOEERE,
AT BEAE Ry — i 22 Jy T S5 o 5 3 15 100 A F00I0 8/ 114

ARWFFE K IR, M3 CCL21 T B0 5 3 4 [N FE

T2, IS 5032 B ABE . 20 WU E FUBESE
HE ALK M, LSRG NERRHNERE, M
i CCL21 /KT Al 5o 3 A A RS, X —
RBLONKG CCL21 E R 5.0 T AT R AR K= F
FITRIN FE R AL THCHE . CCL19 S st
G, (HAE IR R R G 50 2B EHE AL 81
T K, HFR NT-proBNP 7£.0 5 R — A5 KA A W)
PR, A AN BE A 55 3 Tl A2 2% 9 19 T A B0 1t
P PRUL, BRAKEE S —FR R AR AU WO R R 1Y
AU 53 J2, 4545 22 b 7 40 9 06 A K - ] 8 T A3 5
PRI PR VR, XoF R 1 R BT BRI R 2
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AUC AR i,
4 T CCL19 5 CcCL21 FiAs [ s (1] 40 3 (8 5 & G 28 S 0 B M ROC 14k (n=170)
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#:: CCL19 My #afk P F C-C 2P FL & 19; CCL21 A LA F C-C 37 Fi 4k 21; CCL19 I Ik 4 n=85, CCL19 Ft 5 4 n=85; CCL21 JF fik 2 n=85,
CCL21 F+ =4l n=85.
B 5 CCLI19(A) M CCL21(B) 4> 41 (.03 [ & 4= I FET- ¥ Kaplan-Meier 4: 77 i 4%

A% BF 5% 8 1 Kaplan-Meier i 28 20 #7 & B0 75 sUR RS GG R, T 48 B O R
CCLI9 Fl CCL21 A M OB E LN T R E, £ ARFHMHS LD b &Y, 5 ESMF 5T 455 2%
P ZE Cox BIAHT ot — MR H R HATKIEFP " B4R CCL19 5 CCL21 [/ CCL % i b,
WRIMLE CCL21 A RO EEE RN T-ME FL HL[FVEH T CCR7, (HANF]F CCL21, AMF 58 AEAL 1IE
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M FERE N Z G & B, CCL19 TR 50 BE mE A
LA A W AR G . X AT RS A S CCL19
T 40 B . PR 20 M A A0 B 4 22 R Al i R A, T
CCL21 3= %y BE B4 7 £, CCL21 78 B Wi 40 g b ifs
SR ) R AEVE H, IF Ho L CCL19 HA 55 i) itk v
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g L K 40 S0 I Y B 22 W 4 4 1, B CCRT
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T AR A Y, T e 2 P A R S AR
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5 200 i 1A 40 B I R 412 0 0 fok oy R i A 2 7,
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