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Abstract: Objective  To investigate the association of serum soluble vascular cell adhesion molecule-1
(sVCAM-1) and soluble receptor for advanced glycation end products (sRAGE) with the severity and progno-
sis of tuberculous meningitis (TBM). Methods A total of 157 patients with TBM admitted to the Third Peo-
ple’s Hospital of Yichang from September 2020 to May 2023 were selected as the study group.and 151 healthy
people who underwent physical examination during the same period were selected as the control group. Ac-
cording to the TBM stage at admission,the patients were divided into stage | group,stage Il group and stage
Il group. According to the modified Rankin scale (mRS) at discharge, the patients were divided into good
prognosis group and poor prognosis group. Serum sVCAM-1 and sRAGE levels were detected by enzyme-
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linked immunosorbent assay (ELISA). Multivariate Logistic regression model was used to analyze the influen-
cing factors of prognosis in patients with TBM. Receiver operating characteristic (ROC) curve was used to an-
alyze the predictive value of serum sVCAM-1 and sRAGE for the prognosis of TBM patients. Results Com-
pared with the control group,the levels of sSVCAM-1 and sRAGE in the study group increased significantly
(t=23.819,25.965,P<C0.05). There were 34,76 and 47 patients in stage | , Il and [l groups respectively.
The levels of serum sVCAM-1 and sRAGE in stage [l group were higher than those in stage Il group and
stage | group.,and those in stage [l group were higher than those in stage [ group,the differences were sta-
tistically significant (P<Z0. 05). There were 108 cases in the good prognosis group and 49 cases in the poor
prognosis group. Compared with the good prognosis group,the levels of serum sVCAM-1 and sRAGE in the
poor prognosis group increased,the proportions of TBM stage Il ,disturbance of consciousness and peripheral
nerve dysfunction were significantly higher (¢/X*=—6.123,—8.879,12. 316,8.584,9. 390, P <C0. 05). Multi-
variate Logistic regression analysis showed that increased serum sVCAM-1 and sRAGE levels, TBM stage Il ,
disturbance of consciousness and peripheral nerve dysfunction were independent risk factors for the prognosis
of patients with TBM (OR =1. 458,1. 523,2. 673,2. 157,3. 714, P <0. 05). ROC curve analysis showed that
the area under the curve (AUC) of serum sVCAM-1 level in predicting the prognosis of TBM patients was
0.831 (95%CI ;0. 763—0. 886) , the sensitivity was 69. 39% ,and the AUC of serum sRAGE level in predicting
the prognosis of TBM patients was 0. 844(95%CI ;0. 778—0. 897) , with a sensitivity of 71. 43%. The AUC of
combined detection of serum sVCAM-1 and sRAGE levels in predicting the prognosis of TBM patients
(0.914) was significantly higher than that of single prediction (Z=2.789,P=0.005;Z=2.782,P=0.005).
Conclusion The levels of serum sVCAM-1 and sRAGE increase in TBM patients, and relate to the severity
and prognosis of TBM patients. The combined detection of serum sVCAM-1 and sRAGE levels has a high pre-
dictive value for the prognosis of TBM patients.

Key words: tuberculous meningitis;

vanced glycation end products; severity;

S5 i I A& CTBMD J2& B 45 7% 43 B AT T 5 i 1Y
— AR ™ Y ARRE PR L S R AN SR 1026
LA, EMAB RGN 10% £ 4", TBM — i
s e S e T B AR R PR R TR R R
MKk = T A AE A R P R B R T
AT FIN AU L ) R | B 2R TE R 2R RR O AE RE
RS FHE TBM R KB5S AH 56 1 56 G 3
TBM KGR M s s A B Y. eff
WS R W], AT 0055 20 M 26 B 53+ 1 (sVCAM-D) K
A M R B SR AL 2R 7 ) 32 AR (sSRAGE) 3 5 il 48
i B 6 1 % A2 & H sVCAM-1 #l sSRAGE ¥4 &
MU S E I K H S B U5 AR s V-
CAM-1 #l sSRAGE 7K VB & 4 0 XF TBM il J5 i il
AN B W ANTE A8 . PR L, AR WF 9 38 3 46 I TBM /B3
M3 sVCAM-1 #1 sRAGE /K, 408 —# 5 TBM
HRIE M ERE LU MR LU TBM (111 IR
TBIT PR AE
1 #ER5RA%
1.1 — %R PEEL 2020 4 9 H & 2023 4E 5 M
B EETSE - ARERBGER 157 §il TBM B#&H
WroTe, Hodb 55 92 ) 4 65 B, F I FE R (51, 92+
9.15)% . WARRUE: (DFFA TBM 2 Wikr ™ 5 (2)
WIRHGL ;s (D AF IR >18 %, HEBR bR e . (1) HoAh IS A
o B 5 (2) A g i 1 A7 5 B 45 IR 9T 5 (3) I IR 9% R

soluble vascular cell adhesion molecule-1;

prognosis

soluble receptor for ad-

A4 (D RFEBEIRIT s () AL RGP 5 (6)
JHFE B E 45 45 B D BE SR s (7)) & O M A T R R
W T AMBEBUIR I T AL A E B T AR =N R B AR
K 151 el Fe 2 R xd B2, Horp 38 79 8], 4 72 il
EW>18 %, F 1 (53. 46 £9. 84) ¥ s K B W fie
WM A RGN, WA FER LR, ZR LS
R (P>0.05) , ARG k., A B X 23
HIBES 5 A5, 324 5 A R & B AR 2 W de
BHBWHE - NREREFCHEE RS A
(2019091563)

1.2 ik

1.2.1 7 sVCAM-1 Ml sSRAGE KM R4
B BF 980 G 2 R Dk M. 4 mL, B850 J R JH I 5K 40
P W BFF 56 (ELISAD &  1f 7 sVCAM-1 1 sSRAGE
IO AR A TR A% 452 I sVCAM-1 ELISA 46 3 7
&5 5 A098210; bl F A Lok A3 R A FD A
sRAGE ELISA K3 & (5245 . RF5541 ; b 3 2%
AR A BRA FD AT

1.2.2 R AW ARYE B ABERT TBM
IS OB 157 Pl E A T 4 (TG R S P AAE el
LR G IRETE ® ) . 11 W20 CO 5 o) 84 AF BH A L p 22 2R
G T RE 5% RE 2 400 A0 T30 4 b B0 e ok L B 45 i 22 &R
GUIRe e EZ BRI .

1.2.3  WUSHIW AR EH HBEA 2 R Rankin &



+ 1408 - HIEFS KR 2024 F5 A% 21 %% 108

Lab Med Clin, May 2024, Vol. 21,No. 10

F(mRO G W 157 B E A UG B4
(0~2 4P TG A R4 (3~6 41
1.3 Siitspab ¥ R SPSS 25. 0 88 i+ 54 #4715k
b B K B it o B, THECRORE LB B s A R ROR
() EL R T X R B B OE A A AR B T R LA
x s R, AL L EBCR ML FEAR ¢ K, Z 41
LR 5 22 0 i, i — 20 PR AL 18] L8Rk B SNK-¢q
K5 ;% HZ & Logistic MIF4r#r TBM & FH Wi
[ 52 e R 2R 5 2R T 321038 TAERAE (ROC) i k43 #r il
i sVCAM-1 1 sRAGE X} TBM g & i J&5 i) 70 4y
., UL P<<0.05 NERABSRIT¥E L,
2 & ES
2.1 WA S RA M sVCAM-1 1 sRAGE /KF
b S Al R, B gE 41 i sVCAM-1 Al
sRAGE K ¥ B A&, 2R A% i E L (P<
0.05), WFEI1,

*®1 MRATEAMF sVCAM-1 1 sSRAGE

KELRE (2 =£5)

21 51 n sVCAM-1(ng/mL) sRAGE(ng/L)
W4 157 2 217.35+382.56 175. 41424, 62
Xf B 21 151 1 358.81+227.60 114.28+15.49
t 23.819 25. 965
P <0. 001 <0. 001

2.2 AFAEHE™ESEE TBM 2&IL7E sVCAM-1
M sRAGE Kb T 0 A4 40500 34,76,

*x2 AEFEEERE TBM EEMEF sVCAM-1
sRAGE 7K E L& (= +5)

21 51 n sVCAM-1(ng/mlL) sRAGE(ng/L)
I 34 1915, 834364, 57 153.3619. 15
Il #740 76 2 197. 644372, 09" 174.07+23. 85"
1[:52EE2E 47 2 467.354412.49* 193. 54429, 81"
F 20. 643 25. 857

P <20.001 <0. 001

TE 5 T WA E, P<<0.05; 5 [T W14l b4k, P<<0. 05,

2.3 W RGH. BEARAIME sVCAM-1
sRAGE /KF-te# Ml RAaF 4 il s A R 240 4500 ok
108,49 f7l, H5¥iE RAF4 L, Filjs A R 4L sV-
CAM-1 fl sSRAGE /K F¥ I BT 5, Z R A Gt &
X (P<C0.05), W% 3,

2.4 PiE RAMBUEARAIGKFER HE WA
FEAFAS R R 0 L 45 A Ml sl O T L ER, 25 R RS
2B X (P>0.05), 55 RFHALE. )5 AR
20 TBM 438 [ 8 A 508 e 15 A4 S0 8 #2823 g
W T Y T LGB A 25 R Geit e R (P <
0.05), W4,

x3 FERFHE. MEARAME sVCAM-1 1
sRAGE 7K F Lb % (« £ 5)

215 n
i R4 108
BRARY 49

sVCAM-1(ng/mL) sRAGE(ng/L)

2 091.16£364. 21 163.75421.37

2 495.494423.02 201.114=30. 15

47 B, A IS sVCAM-1 f1 sRAGE /K F 11 ! —6.128 —8.879
N R E N | BT = e 1 == o < <0. 001 <0. 001
Bl L (P<<0.05), WPk 2,
x4 VERFEANFEARAKRKIRERIzEs Hnl(%)]
LS g TBM 518 AER HMEMA
41 no ARG R R N o
4 CH) T~111 JIEH] B i THRERRT
TifE K2 108 51.2448.95 18.59+4.23 60(55. 56) 48(44. 44) 35(32.41) 85(78.70) 23(21. 30) 35(32.41) 30(27.78)
TE AN R4 49 53.41+9.62  20.04-+4.68 32(65. 31 17(34.69) 21(42. 86) 25(51.02) 24(48.98) 28(57.14) 26(53. 06)
z/X2 —1.375 —1.925 1.321 1. 604 12. 316 8. 584 9. 390
P 0.171 0. 056 0. 250 0. 205 <20. 001 0. 003 0. 002

2.5 TBM fli)g s m & W £ K&K Logistic [l 1543
Br DRI EAFRATESFAGIHTFEXWMHEENA
s [V sVCAM-1 (% 22 47 & J7 (5 5 A | I 75
sRAGEGE 2278 s JiUEHHT A . TBM 01 ~ 11 =
0. MW =1 EREER (=04 =1) fMAME w2 2h
REBE A (E=0.4F =1 ], TBM HiJ5 N H 7L & ()5
RifF=0,WFEAR=1),#1TZHEK Logistic 574>
Br, &5 B B~ , M3 sVCAM-1.sRAGE K FFH & &
TBM 431 0 Il 1 A7 B R0 LA A0 8+ 22 ) g s it
¥JE TBM B& WG A B S fak % P<<0.05),
W5,

2.6 Il sVCAM-1 #l sSRAGE /K% TBM % i
JE AR AME L TBM Fils B4 8 b X g,
2 A B B IS sVCAM-1 fil sRAGE 7K SF i Il
TBM H# il 5 A B ROC #h 4k, 4558 %R 7
sVCAM-1 K FFi il TBM & # B A R A AUC Sl
0.831, RELE K 69. 39%; I sRAGE 7K F i Jij
TBM B E Wi 5 A R K AUC Jy 0. 844, R E K
71. 43 % ; MiE sVCAM-1 #l sSRAGE /K Bk & 4 i 5
M TBM B F G AR AUC h 0. 914, REE K
81.63% I A AUC W KT 2 I5 B 46 I Y
AUC(Z=2.789,P =0.005; Z=2.782,P=0.005),



I E 50K 2024 £ 5 A% 21 &% 10

Lab Med Clin,May 2024, Vol. 21,No. 10 * 1409 -

WK 6.8 1,

=5 TBM #i/ga &~

#E &K S EE Logistic BIIAS#

A5 B SE Wald X* P OR OR 1 95%CI
sVCAM-1 0.377 0.116 10. 566 0. 001 1.458 1.161~1. 830
sRAGE 0.421 0.109 14.895 <<0. 001 1.523 1.230~1. 886
TBM 43 1 0.983 0.331 8. 823 0.003 2.673 1.397~5.114
=Ry R 0.769 0.356 4.663 0.031 2.157 1.074~4.334
S JE 1 22 1) BE R 1.312 0.519 6.391 0.011 3.714 1.343~10. 271

x6 ImiEF sVCAM-1 #1 sRAGE 7k F3f TBM 2& B EA E W H M E

i AUC W7 AUC B 95%CI REPECY) HEFE %) Youden 155K
L7 sVCAM-1 0.831 2 232.32 ng/mL 0.763~0. 886 69. 39 84. 26 0.537
7% sRAGE 0. 844 180. 05 ng/L 0.778~0. 897 71.43 85. 19 0.566
I A Al 0.914 — 0.858~0.953 81.63 83.33 0. 650
e et .
KR RE S TBM B35 1% )™ R B S VI AH oG, A HF

100
80

60

REE %)

40

20

0—|‘|I|||Ix||I|||I|;|I
0 20 40 60 80 100

100-45 R (%)
& 1 Mmi&F sVCAM-1 #1 sRAGE 7K EFill TBM & W5
B ROC %

3 i it

TBM 5 kA T ILE & AE NS IR AR,
ARk B A 25 A% o AR TR ) ik TR g AR L L AT e v
i 25 P o 32 3 4 5, 5 3 TBM & 9% R F BU3E K T
U W, B I sVCAM-1 Fl sSRAGE 7K F
5 TBM i1 ™ B R B MG 1) 56 R LA E 2R L,

sVCAM-1 M2 & P20 i X+, 3235 T 74 12 4
U U 40 B 5 L S IR 52 300 A AR A AR B Rt R R
EJAE L S AL BT RS Y i GE A
TR U IF & i A RR L i VI A8 4 A B o L
(VCAM-D K- FARIF R MR £ IL, H VCAM-1 Xf
il 9 AT — 2 2Bl . APPSR BoR, SR
o, TBM B i sVCAM-1 7K F 8] & 74 &, 42w
M sVCAM-1 JKFEiiFRE e it TBM () & 4. KA
ZELOL A BIE 5T 2% B L M R R LI B R s V-
CAM-1 K5 H 1 ™ HEREA L, AXME RS
Je Bt ) & A BT — s TR A A 43 B B R 4R AE
PR 1 K B HE sVCAM-1 K SF T, 1 1 42 ik
MW, APFFE A, TBM B FH I3 sVCAM-1 K
VB TBM 4 101 5 T i T i 4R 17 sVCAM-1

SO KL TG B4 0T sVCAM-1 7K K T BlUs
AR, HZWE Logistic [ 174> 7 45 5 /R il 75
SVCAM-1 /K FFF & 2 TBM B % 5 A~ B 1 k7 fE
K & (P <<0. 05) , #2813 sVCAM-1 /K5 TBM
BHE UG & R HEY, sVCAM-1 1] fig 18 i3 /v 3 R 5E
T IR 2845 45 46 3 B 52 TBM 5 1% M5 . A WFST
t—2F 221 ROC #4240 1 L i sVCAM-1 7K F %)
TBM 5 i 300 f 8, 25 5 4278 TBM B & IL7E sV-
CAM-1 /K F5 T 2 232. 32 ng/mL B}, T 5 A~ B 0 4%

N W 01 W 6k 280K 7 ) 2 1R (RAGE) 5 A {7
FY R 6p21. 3,01 S5 RAE RN il FE A AL
N7 84 5 W) 22 g 1 0 B O R L sSRAGE iy i i
PEIEZ 2, AT 76 I BB . O I TR AR A U
WU R R AN B g £ L B WP sSRAGE K
FREMS S R LA R kLT RE S
RAGE /5 # 2 R AE 10 BF i 45 2 i T 6. AT
A R L H R R E T 0 RAGE M6 fE 5
T I 0 ) I A/ /0N S I A4 R Ak s S T A AN A
PR BE R K R W45, A 5T . TBM (3 I
sRAGE /K- 34 W] i &5 @R, $2R L sSRAGE 7K
FThmE AT RE S TBM 9 & 44 2%, tk4h, TBM Il 9 &
FHIVE sSRAGE KFmF 1 ~ 1l 318 &, #2R i 7E
sRAGE /K-F-8F R 7 — & FEFE I e it TBM 3%
FEE AR, I R S R LT sSRAGE /K
KL UE N B I sSRAGE K W& THE B
W4, H 2 I % Logistic B0 4> 87 45 % W 7w, 1 W&
sRAGE /KF-THE A TBM 3 il 5 A K0l 57 15 16
R Z (P<0.05) /R Il 7E sRAGE /K F5 TBM ¥
WG X 2B Y], 0 sRAGE 7K -8 5 BOR F) T Fil i .
AW IE , TBM &L il 4 8 RIS sSRAGE #ll
sVCAM-1 X} TBM Jf & I 2 h B A7 3 = 2 Wi i
. G54 A B IE 45 R D . sSRAGE fl sVCAM-



« 1410 -

i EFHIER 2024 £ 5 A% 21 % 10 ]

Lab Med Clin, May 2024, Vol. 21,No. 10

1 ¥ 5% TBM H & 2 50 A 4 20 3 45 % 3
. AR R ROC 4k ot 45 R E W sRAGE
XF TBM B # BilJa A R A 3 & 0 B0 o 18, B i i
sRAGE #1 sVCAM-1 B & £ xf TBM & & il J5 A
KA WA B . DUAEWF S 20, TBM Bl 5 &
FACEY I E R IR YT R A 2 A A
ZR IR RA RS AT SRR BRI sV-
CAM-1 1 sRAGE K F- Tt @ 4k ABERT TBM I .
FORBERR AT MR PP 2 T g G 2 TBM i 35 il
Jo AN B ST G B R (P <<0. 05D, I AR 1 ] AR 4
TBM # & 1ML sVCAM-1 il sSRAGE 7K. 43 . Il
PRAFBUNT BB 3 TG 18 W T, BAIGR R TS & AE R
L5 BRI sVCAM-1 #l sRAGE /K F 7F
TBM B & It B 5 8 ™ E R AHUS A ¢, 1
i sVCAM-1 f1 sSRAGE /K¥E-Be & 0 X TBM B4
TfE A R BB S 0 . (B AR BT AEAS /)N,
1 sVCAM-1 #1 sRAGE /K% TBM & # #i 5 A~
KA T AN (B A o 0F — 40 5600 . HLAS BF 5T 1t A 4G 0 1,
# sVCAM-1 fll sSRAGE 7K F-Bfi TBM H & %k 15 0F 2
SPGB S B LA TR R SRR

S % Uk

[1] BADILLO SP J,NAVARRO ] C,QURESHI A I,et al.
Transcranial doppler ultrasonography in tuberculous
meningitis: a systematic review [ J ]. ] Neuroimaging,
2023,33(4) :501-510.

[2] BHASIN H,GOYAL M,SHARMA S. Advances in the
diagnosis and management of tubercular meningitis in
children[J]. Indian ] Pediatr,2020,87(1) :26-33.

[3] FATEMA K,RAHMAN M M,AKHTER S, et al. Clinic-
oradiologic profile and outcome of children with tubercu-
lar meningitis in a tertiary care hospital in Bangladesh
[J].] Child Neurol,2020,35(3):195-201.

[4] SAGHAZADEH A, REZAEI N. Central inflammatory
cytokines in tuberculous meningitis: a systematic review
and meta-analysis[J]. J Interferon Cytokine Res,2022,42

(3):95-107.

(5] ZEWgo%, 24, TR, 5. F = & I8 IR 8B JLSFE I
T ik I 40 i 7 8 L1 7 VCAM-1 Ko CRP (1 357K F S
A A (6 53 B LD ). BUARAE W = 2 ik e , 2023, 23(2) £ 336~
339.

[6] JASIAK-ZATONSKA M, PIETRZAK A, WYCISZK-
IEWICZ A, et al. Different blood-brain-barrier disruption
profiles in multiple sclerosis, neuromyelitis optica spectrum
disorders,and neuropsychiatric systemic lupus erythemato-
sus[J]. Neurol Neurochir Pol,2022,56(3) :246-255.

[7] GIRIDHARAN V V,GENEROSO J S,COLLODEL A,
et al. Receptor for advanced glycation end products
(RAGE) mediates cognitive impairment triggered by
pneumococcal meningitis[J]. Neurotherapeutics, 2021, 18
(1) :640-653.

[8] AR BE "2 o BE R 3 2 B B 1 i JBE 48 & ol 22 B 2. 2019
HE AR RS ARR LI ()] AR G 2
#,2020,38(7) :400-408.

[9] QUINN T J,DAWSON J,WALTERS M R, et al. Relia-
bility of the modified Rankin Scale: a systematic review
[I]. Stroke,2009,40(10) :3393-3395.

[10] NAVARRO -FLORES A,FERNANDEZ-CHINGUEL ] E,
PACHECO-BARRIOS N, et al. Global morbidity and mor-
tality of central nervous system tuberculosis:a systematic re-
view and meta-analysis[ ] ]. ] Neurol, 2022, 269 (7) : 3482-
3494.

[11] KRUTHIKA P. Role of IL 6 as a biomarker in the diag-
nosis of tuberculous meningitis: a systematic review[ ] ].
Int ] Mycobacteriol,2022,11(3) :229-235.

[12] GAOC S,JTA W Y.XU W D, et al. Downregulation of
CD151 restricts VCAM-1 mediated leukocyte infiltration
to reduce neurobiological injuries after experimental
stroke[ J]. ] Neuroinflammation,2021,18(1).:118.

[13] GONZALEZ-ALVARADO M N, APRATO J,BAUMEI-
STER M, et al. Oligodendrocytes regulate the adhesion
molecule ICAM-1 in neuroinflammation[ J ]. Glia,2022,70
(3):522-535.

(14 FEARNS R E . 505, AQP-4, VCAM-1 . NPY f£ # i T
SR AL P i 3R 0K R I kil A 112 W A0
LI, 3 Fi2 W 51R 97 228, 2021,13(3) : 352-355.

[15] HkE R EF, RY4E 4 H W SP-D.sVCAM-1.Cys C
TE /N U 7 4 0 2R v 1) 7K ST A2 A B 0 28 3R B0 B E 1Y
A (e () ). B B AS 46 PR 24 2% L 2022, 43 (23) : 2937-
2942,

[16] YUAN P,CHEN W,WANG X,et al. RAGE:a potential
target for Epimedium’ s anti-neuroinflammation role in
vascular dementia-insights from network pharmacology
and molecular simulation[J]. ] Biomol Struct Dyn, 2023,
21(1) :1-20.

[17] SHEN L L,ZHANG T A,YANG Y,et al. FPS-ZM1 alle-
viates neuroinflammation in focal cerebral ischemia rats
via blocking ligand/RAGE/DIAPHI1 pathway[J]. ACS
Chem Neurosci,2021,12(1) :63-78.

(18] Z=M T, £ ¢, B ik, 1L-18,1L-23 Fl sSRAGE fE .7 JL
i 5 9 12 W v ity B2 LT ). v [ S92 382 T 2, 2022, 26 (9)
1319-1323.

[19] fE: M &, 2240, H =8 R 0 HMGB1/RAGE {5 5 il #
X 4 T 1 i R A DR R R 8 A s o [T, v 5 D AR
2 443k5,2023,18(10):1122-1126.

[20] MANYELO C M.CHEGOU N N,SEDDON ] A.et al.
Serum and cerebrospinal fluid host proteins indicate
stroke in children with tuberculous meningitis[J]. PLoS
One,2021,16(4) :e0250944.

[21] JADAUN P, PATIL R,RAMTEKE S.,et al. A study to
assess the clinico-radiological presentation and outcome
predictors in cases of tubercular meningitis[J]. Indian J
Tuberc,2021,68(3) :384-388.

Clficfs B #1:2023-10-23 & A #1:2024-01-10)



