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Abstract

Objective: To investigate the response characteristics and clinical value of C-X-C chemokine re-
ceptor type 5 (CXCR5) CD8* T cells in children with EBV-associated infectious mononucleosis (IM).
Methods: Peripheral blood of the enrolled children was analyzed by flow cytometry and Eps-
tein-Barr virus (EBV) etiology, and clinical data were collected for statistical analysis. Results: The
absolute number of CXCR5* CD8* T cells increased significantly, the CXCR5+ CD8* T/CD8* T cell ra-
tio, the absolute number of CD19+ B cells and the CD19+ B cell/LYM ratio decreased significantly in
the acute stage of EBV infection. The absolute number of CXCR5* CD8* T cells was negatively cor-
related with EBV DNA load and absolute number of CD19+ B cells, and positively correlated with
liver injury index. The children in the acute stage of EBV-associated IM were divided into high and
low expression groups according to the median value of CXCR5+ CD8* T cells absolute number. The
probability of lymphadenectasis, hepatosplenomegaly in the high expression group was signifi-
cantly higher than that in the low expression group. ROC curve analysis showed that CXCR5* CD8+
T cells had diagnostic value in EBV-associated IM, and had predictive value in EBV-related liver
injury. Conclusion: CXCR5* CD8+* T cells act as an antiviral role in acute infection of EBV, and their
overreaction may lead to tissue and organ damage. In addition, CXCR5* CD8* T cells can be used as
diagnostic indicators of EBV-associated IM and predictive indicators of EBV-associated liver in-

jury.
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1. 518

U Wi - EURYE BE(Epstein-Barr virus, EBV)AH A% Gyt 51 41 g 3 £ i (infectious mononucleosis,
IM)&—Fp 2 EBV G5 R LANRIR 58 . IR OR . SR EEE it k. = . RGO 3 B R R
() —MpratE B R PER . EBV RIEZBIREERIRA)— 7, BUEGe 7HEA E 2> 00% g N H[1], B FEMIR
X GN)LEME D, FEEMERALE, 2000 R g0 N ARG R 1 B i ) B 2 IR
UHRERREEES], FIRNEGE K& R CD3T CD8™ T 4l %t EBV MM M [2], Hitk, IM EJLA
WH9T EBV JERGLIF S le N B AR AL 1 — AR AL .

BEA& R R R R, R R RIA C-X-C LR 7524k 5 Y (CXCR5) CD8" T A —1
BRI AR, ) ZUESES S T HUREE RO o B AN RS I R ) 6 e R AT 4
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Hr I CXCR5" CD8" T 4l R A 5 ZI A B PEThRe, AT RIS FRIER[3]. FBR T iR4u M #5141,
CXCR5" CD8" T 4 ffu 1 & ££14 T LASRAAREE M B 4l Bh 2 518 1 £ YT 4% J8 8 TP 55 e N2 [4]
HIV 1 SIV mRE N REL I, Y CD19" B 4R Tfh 41, 2k “midinh” , SEEl Gy dbik[s]
[6]. #Z HHT, WL CXCRS" CD8" T 4R Rr i N, A BT % KA 2k 4L ¥y CD19" B 48
&% Th g0, 36 T-IF & A R SR R st HIV 81 SIV (R8s R IR 2 X [7]. thah, HET
CXCR5" CD8" T #fiffl, CXCR5" CD8" T 4Hiffd %I th AR ) “ 32y ” RS IFHA W ENAIT I /1, HAfR
[ EABARRADE T SZ2 AR, B T E4E 2 BRE E 28 H 3 (T cell immunoglobulin domain and
mucin domain-3, Tim-3)fI4HiusE T #E4HMIAHSHTE 4 (cytotoxic T lymphocyte-associated antigen-4,
CTLA-4) [8] [9]. Ut4h, CXCR5" CD8" T A AR K-, bR 7 W] LAE £ 3 B 4u Mo & @4, & v] LUl
it AR R 3R A 2 o (Germinal Center, GC) [ N R AFEEL A AEFH[10]. EERSE, RITMFTRHEEN, IM
(R 22 B R AVARIEAMN B B B A B S8, 5 T 4UMa ) S b A 5 [11] [12]. A1, H AT fEs %
T CXCR5" CD8" T 4l s AERFIEXT IM 58 ) Ly it J s ma AR OGH 9, R 1 itk — B4R CXCR5" CD8' T
YA )L EBV AHOC IM 2P I G028 L2 R ME AT I PR 25 3L, FRATTASIN 7 CXCR5™ CD8” T 4H a1 A8 AL 1%
i, 4XHT T CXCR5® CD8' T 4l 5 EBV DNA #fE. CD19" B AL # Al IM HH G H: RIEZ MK R .
AL, fE SR A 1 EBV IR ATE], R 52383 TAERHIE #h £2 (receiver operating characteristic curve, ROC)
B 5 L 1M PR32 I A0 1 050 FEF0 2 P T A A
2. Fik
2.1. —f&HER

AWK 2020 45 9 H & 2022 4F 2 A B E M & s UiE BLoa i 63 41 EBV AHO IM L
NS, )Y B e BE S A4 30 9k B ) LB g A IR AL, SER AT A SR R A IM 2 Wb vE[ 1] -
MEZE R AN EBV B, FERR A0 2 B g ik gy, G FGFR A2 i B8 2 Y B 58 E4E MO 5
R EE. S E. MR SRR RIEMR. BRF. 2R TR TP EESE. A7 7% s fn

5 e B ) 8 LB BEHEBRAE AT L2 5h . AT (IR FEXT R S M 37 NS RN AS I 7T, JFEEE T
FOTE RS, WA AR 2R E E IR 2 1 BRI G B TR e A8 B 0 2> (Kt vt

2.2. BRHEE

WA LEREAGE, ks, Mhl. FEiess, AR MM E LI, Seit =0
ALK LB 2 T Z B (ALT) B BB (AST), IM B LRI X B2 (HC) I I RAFAE W42 1 Fios.

Table 1. Clinical characteristics of IM patients and healthy individuals

= 1. IM B SRR LE NIRRT

HC IM P1H
5 0.6177
Tk 22 (73.3%) 43 (68.3%)
uE 8 (26.7%) 20 (31.7%)
(%) 4.15 (3.08, 6.73) 5 (3.60, 6.90) 0.439
F1 4 (< 10%/L) 7.06 (5.53, 7.75) 14.09 (11.58, 17.41) <0.0001
R ELGH L (x10%L) 3.60 (2.86, 4.52) 9.14 (7.61, 11.56) <0.0001

Sy IR . Mann-Whitney U #5538 . P < 0.05 AZRASITHEE L.
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2.3. EBV DNA EE#0

WE kAR A 2 ml, BT & 2 &I 2R EDTA K L H PR ES h, %H 54 . ABI 7500
Real-Time PCR System <Version 1.4>F -l )L 2 ML FE A< H #) EBV-DNA 5 .

2.4, TR

TEJLE RIS 3 REH b RRLAMNAMARA, K2 mL FikIFEA, BT EDTA frktE, Jf
1E 6 /NEF AT . $2 Tk, REFERTEREPUA S 20 L B4 100 pL pIlAAEAR R, SRS, TR
WG E 15 8. AT LR Boe SR ST Sz 4 M . PerCP anti-human CD45 (clone HI30, Bi-
olegend, USA), APC/Cyanine7 anti-human CD3 (clone HIT3a, AAT Bioquest, USA), PE/Cyanine7 anti-human
CD8 (Clone SK1, Biolegend, USA), Pacific Blue™ anti-human CD19 (Clone SJ25C1, Biolegend, USA), and
PE anti-human CD185 (CXCR5) (Clone J252D4, Biolegend, USA). Bfij&, I 2 mL &I KGR 4, I
Kol B TR0 N ER P EE 5 2%, FELL1000 r/min B0 5 28k, 77 EiE. RUa, Bk
(phosphate buffer solution, PBS)Jf 6 40 A P4 I, I B F &% LRI . £ FACSAria 11 it W41 i 4% (Becton
Dickinson) £l FACSDiva % {4 (BD Biosciences, USA) 7 T 4« 40 i, AT 5 B 352R F R BL UL AT P iAot .
CXCRS5" CD8" T 4 LA 1142 5 ILIA] 1.
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Figure 1. Application of gating strategy to identify CXCR5" CD8" T cells
[ 1. CXCR5" CD8" T 4HBfAYisI ] 5REg

2.5. Gt St

¥H] GraphPad Prism 8.3.0 #4347 G5 14047, &%-4118] LA K] Mann Whitney U K56 J7 2 #5628
w2 8] AR < 1R A Spearman FRAHCHEATP-Al . ROC HZR /AT B (R # T (e . v Hh 28 FTHAR, 1F4 IM Y
T E, S 5dE LR AL 3 (DY 567 20 [Q1), N PU A2 [Q3]), & M T khia A (i) Km . XU
P <0.05 INAF ST EE L.

DOI: 10.12677/acm.2023.1351140 8148 I IR = =23t e


https://doi.org/10.12677/acm.2023.1351140

e A

3. &R
3.1. EBV &t IM B LS4 HI CXCR5" CD8" T 4AfAIZE{LiBE R

IM SEIIIERA CD8" T 4HMI 2 nHA vHEUR Z 3G N, XA A2 EBV JERYLI RB = [2].
CXCRS5" CD8" T #liffiff: )y CD8" T 4HMu ) —/N/INIEAE, FrT LLLkSE 740 h 2 FPAS [5] D e (1 20 B SV A4 5
8 RGP . RATAIEE o, IM B L2 CD3™ T 4H i fil CD3™ CD8™ T 4t i 1) 4 %4 E 11
$oA 5 = HC ZH(P < 0.0001) (K 2(A) FE 2(C)), X LL4H A ik B4 i (4 Le g bt 0 52 3] 1 2R ABL ) &5
(P <0.0001) (& 2(B). ¥ 2(D)). BtAb, FATMELE] CXCR5* CD8* T i (1) 44 X 1140 AE IM 2k 3 i 2%
¥ (P <0.0001) (Kl 2(E)), ABIIZ, IMEJLEMER CXCR5™ CD8" T/CD8" T 4iiffid LL{EAK T HC 41)L#
(P =0.0006) (& 2(F)), ¥ 2(G)’~y CXCR5" CD8" T 4 fif it %y 2 &

P<0.0001 B P<0.0001
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Figure 2. The difference of T lymphocyte subsets between experimental group and healthy
control group

El 2 EIiESERRRE T HEERITFNERER

3.2. EBV #xtf IM BJL2MHA CD19" B 4HfaTHIBR R HEE CXCR5' CD8" T AR X R

FrTIRR T RS GLAh, BATEAN T IM ZR#& T CD19" B 4L L. 5 HC
SH)LEAHEL, IM HJL CD19" B 44 xHE 4P < 0.0001) 2 CD19* B 4HJifa/ith 41 il 5. 25 I (P <
0.0001) (1¥ 3(A). 1 3(B)), I 3(C)y CD19" B 4t/ st AL\l . Spearman AHICHE T 7R, IM &)L+
CXCR5" CD8" T #iffil5 CD19" B AHMfELAxnH (i 14k E 2 FAHK((P = 0.0092) (& 4(A), FATBEKI
CXCRS5" CD8" T 4 a4 xi{EH it %15 EBV DNA # & £ 74P = 0.03) (X 4(B)).
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Figure 3. Differences of CD19" B lymphocyte subsets between the experimental group
and the control group

& 3. SLIh4A5XAR4E CD19" B B 4R T B E R IER
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Figure 4. Correlation between CXCR5" CD8" T cell absolute number and B cell absolute number and EBV vir-
al load

4, CXCR5" CD8" T 4Hp4axI{EIT 35 B 4ifn4e XA K EBV fmEHEZ BRIHEXME

3.3.CXCR5" CD8' T 41pa 5 IM WIS XFR

EBV J&Gu i L] LI 2 FAER BRI RORE, ARRR Ao, I R R i fa b T i, Xt
L5 CD8" T 4™ A5 (1) G 2K L% UIAH G, I8 Sl 920 110 7 B R FE [13] [14] Spedle A 75 22 B, CXCRS”
CD8" T i I Be7E A IE A H £ e M Hh R 2 E O IRAS HIYE - BT CXCR5™ CD8" T 4 /il %} IM
PIPIRS IS M ANTE S, BAT0 T 7 CXCR5' CD8* T 4RI E RN AT S5 T IM IEIR B AAE R
P BATE EBV FHIETE IM EbE I ER JLLL CXCRS' CD8* T 41 iy 4 il i % b A2 48~ A4 v CXCR5”
CD8' T 4iffirm KFREWLU, WAHE—BRIGKTIR LEER . MR AFAEG #2257 (P > 0.05), MRk
ZHrp BT R K 24 51(75%) Ik ES 45 bk 25 161)(78.13%), [k 4 b AT K 14 151(45.16%) IkES 45
Ji K 16 4511(51.61%), ik 4 b KPR (P = 0.0155) (&1 5(A))~ #kEL45 i k(P = 0.0273) (14 5(B)) 1L
RETRRIAA . AL, BATETHEL T CXCR5' CD8' T 4l 5 AT 8 r Al o< R . [EEFEE R, ALT
F1 AST ¥J5 CXCR5" CD8" T il £ 5% 114 2 IEAH 2% (P = 0.0272 A1 0.0006) (/] 5(C)F14] 5(D)).

A P=0.0273 B P=0.0155

100% 100%

5% T5%
50%[

50%[
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0% 0%

DOI: 10.12677/acm.2023.1351140 8151 I IR = =23t e


https://doi.org/10.12677/acm.2023.1351140

B A

C  soop =0.2783 D 400 =0.4196
P=0.0272 P=0.0006
°
°
°
400 ®
° 300}

~300F® -

= = ®

g o ° =) °

: ° ; 200 Y

= L <

[

=3

S
T

) 50 100 150 200 250 0 50 100 150 200 250
CXCR5" CD8* T cells(/ul) CXCR5' CD8* T cells(/ul)

Figure 5. Correlation between CXCR5" CD8" T cells and EBV-associated IM disease progression
[& 5. CXCR5" CD8" T 4iff15 EBV XM IM Fimit B AIE A1

3.4. CXCR5"* CD8" T 4HRAY i B FAF N (&

FIH ROC HiZk /¥R 1+ CXCR5* CD8" T il A%t IM i Wi (A1 AT 40 M 35 1% i TN . 25 R 5
78, CXCRS5' CD8" T #Hifu s xf{& %01 CXCR5" CD8* T/CD8* T #Hfiut B A5 IM 2 Wi {l, Mk N iR
(Area Under Curve, AUC)¥J KT 0.7 (4 6(A)). 4 CXCR5* CD8" T 4ffa4 st % f1 CXCR5" CD8"
T/CD8" T 2 i) Il FHEL 43 1 4 31.67/uL T 1.50%H , 121 IM [¥IBBUR I R 574 49 331l 82.54%F11 96.88%
66.15%7#1 68.75% (< 2). [Fff, CXCR5" CD8" T 4H a4t fE v+ 400 IM i FF 4 ff i 5 (AL T > 40 U/L) B A
MM, AUC KT 0.7 (4 6(B)). 24 CXCRS5* CD8" T 4 £ K f 15 iyl FLAE 9 50.85/ul i, A5
TR P BB R AR 57 20 31l 84.62%0F1 64% (2 3), 1] CXCRS5™ CD8" T/CD8™ T 4l ffa x+f i 4 fif 45147 1) ROC

N NN
I ER TG
A 100% g 100% /
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Figure 6. The diagnostic value of CXCR5" CD8" T cells for EBV-associated IM and the predictive value of
EBV-associated liver injury
6. CXCR5" CD8" T #hBfxtF EBV XM IM HISHTNE K EBV X MAHRG R TUMMN &
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Table 2. Diagnostic value of CXCR5* CD8" T cells for IM
5% 2. CXCR5" CD8* T Zmi%t IM BYiS BN {E

RCEERET UKL 557 AUC P i
CXCR5"CD8" T 4iiffil 31.67 (counts/uL)  82.54% 96.88% 0.9172 <0.0001
CXCR5'CD8" T/ CD8" T 4l 1.50 (%) 66.15% 68.75% 0.7175 0.0005

ROC £ #7, P<0.05 NERB KT FE L.

Table 3. Predictive value of CXCR5" CD8" T cells for hepatocyte damage in IM
% 3. CXCR5' CD8" T 4AaxT IM AT 4BRaIi 17 A FURAN (B

T AT U 557 AuUC P {H
CXCR5"CD8" T 4l 50.85 (counts/uL)  84.62% 64% 0.7738 0.0025
CXCRS5' CD8" T/CD8" T 42 1.650 (%) 92.31% 30% 0.5569 0.5297
ROC 15347, P <0.05 2R Grit 2w L.

4. g

AW, BATESELT IM £)L4E L CD3™ T. CD3* CD8* T A 465 B H 5% &% 5tk
Y4y R ERIN, $R EBV KA S CD8' T 4ijflifik, 74 TR 4a M S s, X5 LAE)
WS R—5[1] [14]. EBV Y55 CD8" T 4H i iy 47 4 P38 5t m] Gl CXCRS' CD8" T 4t 4 % i
THERE . AT R RER, Sk EBV BULRf CXCR5™ CD8" T 41 Al fty 4 xof (B 1H BUMH A T e )L
LGN, M CXCR5™ CD8™ T 41 /{e/CD8" T A BA% . AT 1A N LA N R Z= ] R B K 58 7 CXCR5" CD8*
T Y%A 1% CD8™ T 4 ARAE s LL B3 . 1%, CXCRS B A #afuhst:, foifss it CD8™ T 4ifusr
95 T A 4 U ) X % )6 E 0 0 A AT TR I TE BR[4] [8]. MMk Al T+ CXC Eif4k 13 (Chemokine CXC ligand
13, CXCL13)A) CXCRS5 [fiMfE—Mifk, &k #H KA CXCRS 4 iz zh 58, CXCL13 E % B itk
T R 9 P ) R o PR R AR SOIR 4 B 209, BRI CXCRS [ IR T- CD8'T 4B ) B bk B2 40 ity py
th IR BA e MEAEI[15]. W5t £ W], CXCR5" CD8* T 4iJfi 5 CXCR5™ CD8" T 4ffiAftt, KMiEH
REIH8 N T 20 f%5[15]. Hk, JEIEH CXCR5" CD8" T 4l H A5 HYFE 6/ A0 T4 A B4 AE, I a4t it vT LA
YEH A M — 25 7 CXCR5 CD8" T #iffl, JF H Lt CXCRS SRk IGZAB ) CD8™ T 4 B A
SRIFI4H M 5 D) BE[8] . E4l, CXCRS™ CD8' T 41 vl gt 434k S % ER ) CXCRS CD8'T 4l WA K%
5x} EBV RGP, ARG H R KRR DhRE. 1A, PUmEE R CXCR5™ CD8™ T 4t
HFE T AE & CXCR5" CD8" T 4Hi1/CD8" T 4t EU AR FEAR ) 57 — A B R A o

N1 PR CXCRS' CD8™ T 4HHuxt T IM e A 55 i/E A, JAi1idE— P9t 7 CXCR5 CD8”
T 461 CD19" B ZHAVHEZ A C R o HAFERNZ, IM )L CD19" B 4 i £ % A v S H bk E2 48
P LI T B B, 1X 5 2 BB e 4 o — 3. XIS NIBEFE K3, CD19™ B 4t Ltk =4
Ji ¥ A B S FEAES, T CD19™ B 4 A i 4 B TH 250 A7 W R A8 4K [16] . Sallusto 55 At #iE T CD19" B 4
JH (Y 2 I T AAE IM 2R [17]; 4810, Chen 25 K IL IM &)L CD19™ B 4 i 1 26 % B -5 &%
IR ER G B B 2 L B BRI [14] . R R, EBV JRYLA B 4 AT LAS R A R S 4 M
CD8" T UG , 1X Xt T2 3E i G B 4 i1 17 48 5 51 2, 1) R RE A1) B bk EXL 441 it Y 389 B A 444, [ 18]
[19]. iXUegh AT e Bh TR VAT ATE IM SPETE L CD8™ T A fE R In: SR, B 4HMu4
SHE TR R . b, CE RN CXCRST CD8™ T 4i i il ik ik N B 40 IEIE, W KRG
Tfh F1 CD19" B 4Hfig, Hdid /= E D pe 4 Al 2 5 4 M e 22 [9] [15]. BATHI AL RER, IM L
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