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WE. BY HIMIINEMCDS' T T M #I1EZE E 1 (MagT1) 18 M HBV BRFH h 9 KA T, F o 471058 Mg®' |
MagT1 mRNA 5 HBV DNAEEZ BIfIX R, FiE @EE2022F 1 B—2023 F 12 BEWU T L AERBUSH HBY B H
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FFMBEE 2 E 306 A MAER M TRNRESEENRAENEETN R, wNMEMS RE; FHINEEESE
PCR & CD8'T A A MagT1 mRNA FRiA/KF R ME HBV DNA HE; RAR AR EENHTCDS' TARREREFMHIE
T2 1(PD-1) THMEEEREAMES-3(Tin-3) X B R RGAEAEL M ZE 2D (NKG2D) IFRIAKTE, FEESHH
HNITEANZAHELLRFAREREAZENH, FR LB R SNK-¢ 453 TR BHA B L3 R B #4858 ; MagTl mRNA 5&
FETRAIAE X M R F Pearson 5 MAHA M. R SHRA M ZBFTRA REHAFTIEA . AT AR A MF Mg K FF
MagT1 mRNA FRiAs Z FI9H Git F B X (FES B4 29.014.145.578, P{E<0.001) o Pearson 48 M 47 B 7=, M35 Mg® R
& (r=0.335) F1 MagT 1 mRNA(r=0.394) &1L 5 HBV DNA HEEIEHE X (P{E<0.05), WRA M2 EFFLA REHFF
L AP AERR 2 PD-1. Tim-3 KRR F & , NKG2D 7K AR R BE AR (P 19<0.001) o Pearson 12X M 7347 & 7~ , MagT1
mRNA 331X 5 PD-1(r=-0.643) . Tim-3(r=-0.640) £ 714855, 5 NKG2D (r=0.655) 2 IE18 % (P {E19<0.05), it HBV &FE
F5NE M CDS'T A AR MagT1 mRNA FRik7KE &, B 51M7% HBV DNA 8 2 1E 4855, MagT1 KA PR o7 4 @ FHFS Mg
RRSE CDS T HAETIREFES, =L 4 PD-1.Tim-3 K NKG2D Tif,
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Abstract: Objective To investigate the change in the expression of magnesium transporter 1 (MagT1) in peripheral blood CD8"
T cells in patients with chronic hepatitis B virus (HBV) infection, as well as the correlation of serum Mg®" and MagT1 with HBV
DNA load. Methods A total of 102 patients with HBV infection who were admitted to Tangshan Workers’ Hospital from January
2022 to December 2023 were enrolled, and a case-control study was conducted. According to the stage of disease progression, the

subjects were divided into chronic hepatitis B group with 40 patients, compensated liver cirrhosis group with 32 patients, and
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hepatocellular carcinoma group with 30 patients, and 32 healthy volunteers matched by age and sex were enrolled as normal control
group. The serum concentration of Mg?* was measured; RT-qPCR was used to measure the mRNA expression level of MagT1 in
CD8" T cells and serum HBV DNA load; flow cytometry was used to measure the expression levels of programmed death-1 (PD-1), T-
cell immunoglobulin and mucin-domain containing-3 (Tim-3) , and natural killer cell group 2D (NKG2D) on the surface of CD8" T
cells. A one-way analysis of variance was used for comparison of normally distributed continuous data between multiple groups, and the
SNK-q test was used for comparison between two groups ; the chi-square test was used for comparison of categorical data between groups ;
a Pearson linear correlation analysis was used to investigate the correlation between the mRNA expression level of MagT'l and other
related indicators. Results There were significant differences in the serum level of Mg®" and the mRNA expression level of MagT1
between the normal control group, the chronic hepatitis B group, the compensated liver cirrhosis group, and the hepatocellular
carcinoma group (F=29.014 and 145.578, both P<0.001). The Pearson correlation analysis showed that the serum level of Mg®* and the
mRNA expression level of MagT1 were positively correlated with HBV DNA load (7=0.335 and 0.394, both P<0.05). The hepatocellular
carcinoma group had the highest levels of PD-1 and Tim-3, followed by the compensated liver cirrhosis group, the chronic hepatitis B
group, and the normal control group; the normal control group had the highest level of NKG2D, followed by the chronic hepatitis B
group, the compensated liver cirrhosis group, and the hepatocellular carcinoma group (all P<0.001). The Pearson correlation analysis
showed that the mRNA expression level of MagT1 was negatively correlated with PD-1 and Tim-3 (r=-0.643 and —0.640, both P<0.05)
and was positively correlated with NKG2D (r=0.655, P<0.05). Conclusion There is a reduction in the mRNA expression level of
MagT1 in peripheral blood CD8" T cells in patients with HBV infection, which is positively correlated with serum HBV DNA load. The
reduction in the expression of MagT1 may contribute to CD8" T cell exhaustion by impairing Mg>* influx, manifesting as the upregulation
of PD-1 and Tim-3 and the downregulation of NKG2D.
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FEXT BRI U JE B BERI 43Ry 3 2 12 RIS 4
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YT ARRS Y H )l B 5 A0 K o 43 85 0T ) R
4= A S AR TSR I 7 Mg™ e 3
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REEREEA AUl I BAR I CDS T4 . 40U A
RPMI-1640 B 55 5L 58, AR 430 4L % 5, A CD3 il
CD28 WG PUAHEA T FIEL W A ] T Ie 22525 . i
Trizol ¥ FEH CDS T 4l B RNA , 380 5% 5 )5 LA cDNA A5t
M AT PCR Y 1S, SN 25 : 95 CHAE M 15 min, 95 “C7AE
P15 5,58 ‘CiR k20 5,72 ‘CHEH1 20 s, IL40 MG, 519
J¥%1 :MagT1 F:5'-ACCTAGCCGGAGCAAAGTTTC-3" ,R:
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AACTC-3" 5 ™A% 4z BR300 W] 4515 B 5 7 2 A7 RIS AR 2%
P12 AT mRN A MR

134 CD8'T @ ek &4 F &k /3 E R CDS T4
LS TE I TE RPMI-1640 15 3= 5L HR 5 , 40 BIMA i 5
FHFRIC Y H SR 2455 40 M 15 Ak 2% 32 4 2D (natural killer cell
group 2D, NKG2D) ik -0 FUR DO R BV IC IR T
MET-Z AR 1 (programmed death-1,PD-1 VLRI PE/CF594 B

10 B9 T 40 Y 50 9% BR 85 5 85 F1 -3 (T cell immunoglobulin
domain and mucindomain-3, Tim-3) JiA , 1R 5 2 BT
A 30 min, B0 (1 500 r/min .5 min, 48 10 em) , WEEAI Y,
A A PD-1, Tim-3 FINKG2D 3k .

1.3.5 HBV DNA #al  SRHZOLE & PCR R &Kl
HBV DNA #igt, J"™#-4% Bt 0] @ AL as i I A5 A

L4 git sk SRISPSS 26.0 St AR HEAT Bd 43
Pro FPEIESDAAMTHR R L 2+ 388, ZH I 1L
BRI 2R J7 22 3 B, I LL 550k T SNK-¢ 5 56 5
AT R IR] F AR F ) A 50 5 SR FH Pearson HH 2675 4y
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Table 1 Comparison of general information of subjects in

each group

N sl AR BMI
ZH 5 1k
415 PR e o) ) (kg
X RRZH 32 18/14 4050+8.10 23.22+2.10
et RE 40 20/20 38.52+7.52 2245+2.55
REITRELE 32 15/17 41214555 2220+2.50
JF 40 e g 210 30 15/15 4320+833 21.89+255
SiiH Y'=0.801 F=2328 F=1.704
P{H 0.301 0.078 0.169
22 A28 ik Mg® # & MagTl mRNA HBV DNA 7

T A YL I Mg™ W E  MagT1 mRNA fil HBV
DNA ZKF L8, 22 R A Gi it 27 2 L (P{E14<0.05) .
5555 B 3, 18 1 2 R R A A A b 2 K
20 98 £EL £ I3 Mg 94 B K% MagT1 mRNA 7KSF K (P
E4<0.05) ; 518V 2 R R 21 Lo, AR A2 00 A Ak 21
Ko JFT 400 e 9 2 ) 1 AR 48 bR 7K OF IR AR (P $4<0.05) 5
JHF 440 it 96 4 1L 75 Mg™ ¥ B . MagT1 mRNA & HBV DNA
I35 B B AR T T A A 2 (P 39<0.05) (38 2) .

£2 KAME Mg K E . MagT1 mRNA #1 HBV DNA 7K F Eb 3¢
Table 2 Comparison of serum Mg*' concentration, MagT1 mRNA and HBV DNA levels in each group

21 5] % Mg”* (mmol/L) MagT1 mRNA HBV DNA (log,, IU/mL)
XA 32 0.96+0.10 1.25+0.30

18 2 BIAT % 2H 40 0.90 + 0.06" 0.80+0.25" 6.89 +2.01

R T A 21 32 0.86+0.06"? 0.50+0.10"? 5.33+ 1.50%

JHF 200 it g 2H 30 0.80 +0.05"2% 0.20 +0.05"2 433+ 1.207%
F{H 29.014 145.578 21.533

P <0.001 <0.001 <0.001

1 S IRAL HLER, 1) P<0.05 ; 5180k Z BRI R 2L L4, 2) P<0.05 5 S FRE L 41 L4, 3) P<0.05,
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Figure 1 Correlation between Mg®* and MagT1 mRNA and
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B 5 UKL I 400 <f o 25 52 181 5 55 — T 1 5 SO 4 M 5
P Ry 1 B AL 9 XU A (CHos #5800 5 -4
AR ) H e T R I RS S 1

Mg™ A Ry 5 1 A B B, FL2E B R oA 35 35 4%
WA I R AR S g R4 1L R MagT 1 fE R
Mg e 5 M iz 3 (3 S A B AE ) 1) | BR 7 2 Fh el
LM Iz FRIRAN VT AERF ST e LA i e | A 45
PR E T EA T %%\?ﬁ“ﬂ - Matsuda-Lennikov %[18]
WESE R I, Mg™ il MagT 1 5 /2 T 40 A5 ) S 8 JORE G
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Table 3 Comparison of surface molecular expression levels of CD8'T cells in each group

205 %% PD-1(%) Tim-3(%) NKG2D(%)
popieE| 32 5.30+ 1.81 8.20+2.10 30.00 +4.05
18 2 R 46 2 40 8.96 +2.33Y 12.34 + 3.40" 25.01 £5.50"
AR R AL 2R 32 15.55+4.50"? 20.32 +5.50"% 16.32 +3.45"?
JF 200 it g 241 30 21.50£5.5592% 28.34 +5.85V%% 10.22 £2.80V2¥
F{i 120.815 130.010 140.699
Pl <0.001 <0.001 <0.001

1 S IRAL HLER, 1) P<0.05 ; 5180k Z BRI R 2L L4, 2) P<0.05 5 S FRE L 41 L4, 3) P<0.05,
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