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The relationship between the expression of glutamate receptors on peripheral immune cells and the condition
of temporal lobe epilepsy patients Deng Weiwe: ™ , Wang Weijun, Li Fuyuan™ . * Internal Medicine-Neurol-
0gy s Qiqgihar First Hospital , QiQihaer Heilongjiang 161000

[Abstract] Objective To investigate the expression of glutamate receptors (iGluRs) on peripheral blood
mononuclear cells (PBMCs) in patients with temporal lobe epilepsy (TLE). Methods In this study, 17 TLE
patients and 21 control groups who were treated in our hospital from January 2019 to June 2022 were included
as study subjects. 3 ml venous blood samples were collected from patients and the control group, and PBMCs
were separated by density gradient centrifugation. The expression of the iGluR gene in PBMCs was detected by
PCR. The expression of GluA3 protein in PBMCs was analyzed by Western blot. Fluorescence assay was used
to measure the effect of exogenous ATP on intracellular Ca?>* homeostasis of monocytes. Results Compared
with the control group, TLE patients showed higher scores on anxiety and depression scale (P<Z0. 05), and
the expression of AMPA receptor subunit GluA3 mRNA in PBMCs decreased significantly (P<Z0. 001). The
expression of GluA3 protein in the PBMCs in TLE group was significantly lower than that in the control group
(P<<0.001). Compared with the control group, PBMCs of TLE patients showed a significant decrease in Ca**
level in the second and third cycles (P<C0. 05), and a significant decrease in peak amplitude in all cycles (P<C
0.05). Conclusion The expression of GluA3 receptor on of specific iGluRs subunits in PBMCs in the TLE pa-
tients decreases, which may affect the calcium homeostasis of monocytes.
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stant, KD) X 8 X [ [b{f (ratio, R) ]-Rmin)/(Rmax-
RO ;imad A bR R) Ca®* B2 IEGRTS R4 KD =
245,8=3. 6, Rmin il Rmax 4} 5| /& JC Ca®™ Fl 41 1
Ca?* B U B (Rmax = 0. 8, Rmin = 0. 08) ; 7F & #&
FIELL J5 M it Ca " 7K A8 Ak 9l 510 A o s S IR ST
Tk 1 1) ATP(SE[E Sigma-aldrich 23 7)) 7K ~F- Hl L
A s — FkE Fura-2 (78417, B FH 4= 40 it
ICSRANEAME W 10 s; BN Z =AM & 10

A4
1.5 Geitaeibs

fifi 1 SPSS23. 0 #4758 14341 » I FH GraphPad
Prism 6 2504 ; % ] Shapiro-Wilk 1F 75 1 #6 56
T R B 20 A 0 18 A 1 o TE 2540 A IO 800 DL B0 % +
FRifE2E (£ ) R, AR IE 200 A5 7 £k (g 43
HEO [M(IQR) | & 7w, fi F Student ¢ K % 5§
Mann-Whitney ¥:56%} 2 2 1IE A5 AR 152450 70 B9 %K
PR T HO A s o2t R F B8R o) AR EE (V) 3
s WA SR RO RS . B KPP
<0. 05,

2 & B

2.1 2N HAGt2# G RRHE L

£ 2 WR TS H5AMAMSS5EMAN DRI
FNERRRE . 2 ARSI R BE A FR R
BOTHRA AR 25 (P>0.05), 5EEEX B4
B, TLE 27 FE S FMAR i 38 30 0 9 70 5K
(P<C0.05),
2.2 PBMCs HFEE iGlu SZARE A YR IE K-

ARWFFELLEL T 2 ZA R 9 AR R IATK
e, B 1A% T HE NMDA (AMPA 4T &R .
NMDA FIHRLAZ A A7 1 238 7K - 5 5 ft B X))
I, TLE 41 PBMCs H1 AMPA 3% 1 7 84 4y
GluA3 mRNA Fik/K -8 FFEAL(P<<0. 00D, Ik
A il 3 B H BN 4 AT IESE T TLE 4 PBMCs H
GIuA3 35 11 3R 3K /K F b 25 A% T fa B X B2 (P <<
0. 00D (E 2),



A GG 2024 4F 2 H 5 31 5 1 1) ¢ 45

&2 WS HERMANDGE AR RRE

FHE TLE #(n=17) T BRZ (n=21) P
PERILn (%) ]
& 10(58. 8) 7(33.3) 0. 190
5 7(41.2) 14(66.7)
R (rts, %) 444111 43491 0. 754
HE KPR AEIQR) L 4F ] 10(4) 8(8.5) 0. 622
HAM-A P3[4 8 QR » 43 ] 8.0(10) 1(9) 0. 012
HAM-D #¥43[ FF {7 50 (IQR) » 43 8. 0(9) 0(8) 0. 009
NDDI-E #¥43 (x £ 5,43) 13.88 £ 4,54 10. 76 £ 4, 45 0. 041
PR [ (%) ]
RN 3(17.6)
Jrkb B AR AZ 5 17¢100)
e KM 528 B R 2 1 ey kB IR A2 4 9(52.9)
TR e B A LR A B QR » £ ] 2(5)
WO & AR5 B R (£ 5, 4 31.4%15.9
&3 H R R AR LA (QR) » 1k ] 1(3)
it 2 6 4~ H IR Z AR (X0) ] 6(35.3)
B 2548 [n (V0 ]
2-TH 3 3 R A 3(17.6)
GRS 14(82. 4)
FH LIRS 3(17.6)
A 3(17.6)
FENLAR 5(29. 4)
AR ZAHRE 15(88.2)
W28 IRIT T E[(n (V)]
WS 7(41.2)
3T 9(52.9)
4 BT 1(5.9)
R AP 25 9 B R R A B (TQR) L )] 3D
PR (%) ] 6(35.3)
PRS2 [0 (%) ] 2(11.8)
AMPAZZ LIHR R
2 0.004 - ) £ 0.020-
%N X R 2 & | RiessaayicEitl
e 0.003 - 0 TLE4 i 0.015] T8 TLEZL
5 5
) ;
& 0002 1 ”%4 0.010-
% 0.001 - ok % 0.005
ScI =
& =
12 0.000 - . = 0.000-
GluA3 GluA4 Gluk2 GluK4 GluK5
A B
_ NMDAZ f ILZ Ak
2, 0:0207 - R A i 0.020 - I A
Z 00151 EHTLEA Z oois. = TLE4]
B %)
i% 0.010 # 0.010-
2 0.00 ‘%
e > 5 0005
% O'OOO_GluNl GIuN2C GIuN2D GIuN3A GIuN3B ‘E 0.000- '
o GluD1 5 GluD2

1 PCR K {g X BEZH A0 TLE £ PBMCs H45 54 AMPACA) ZTL#E R (B) .]NMDA(C) FIHIUL (D) iGlu 52 A7 5
f mRNA kK- S EEEREXT B e, " P<<0. 001



0460

Stroke and Nervous Diseases, Feb 2024, Vol. 31,No. 1

g HEXT BRZH TLE4H i 03
GluAz SR T S - ge—— 75 E
D GEn e mn b o e 4110'2
—50 Hj 0.1 stk
<
1 =
e D DD dpR S 2 00 ,
(kDa) = XTI TLEAH
2 HABRELE T PBMCs 1 GluA3 (R I RAKT  SEEER A L, P<<0. 001

2.3 TLE & HAMN Ca** K FRHK

ik H TLE B35/ 210 4o Fk 3 (g
XTHREL Y 234 DRI E ATP XF4ua N Ca® 7K
SERIEEIR . A 10 uM ATP J5 2 484524 T i3
[ Ca>" P, AN Ca>* 7K 1103 ik 3] WG 1 , 4%
Ja B RF ST = B B, 2 dlER R RN Ca®' K
SR B AT R SEL AT (K] 3) . #h e F T AL LA 2
WEE PR IR 7R 1 2 AR g 301 TR %oy o33 iy e
NEPEREAR (B 3D, 5 fa R X R4l L g, TLE 411
PBMCs 7E55 2 RS 3 A i R Ca®* 7K1
BRI (P<C0. 05) FIE 4358 JE 3 {87 0 (B 4% 1R i
R (P<C0. 05),

= {HEEX I 2H == TLE4L

3 #

FERZ IO B B SR 2 R AR Th TE A 2R e
SR fil 4 5 07 A5 AELAL P 7 58 Ml i A0 5 ik b e B,
AR, A IFSE R IR S A7 R AR g R g h 3Rk 0
XHEAITE TLE SR ife i /e a2 00 oA
WM T 4 AR 52 R B 38 i (1) AMPA, NM-
DA LI AR & 2R 7E TLE B3 PBMCs
W IR I » A R TR 2L 3 R AT e A7 AE 22 3 0K . 45
WL TLE 41 PBMCs # AMPA % {K i B 3
GIluA3 mRNA 3R 7k 7K - A it e % R8240 I 25 B IR
EL I AMPAGLuA3 V. 537 76 456 i T . B i A Rz

1 min
A[Ca*]

50 nM

0 100 200 300

600 time(s)

400 500

ATP 10 pM ATP 10 uM N ATP 10 pM
2500~ i R 2 250- - 2
= TLE4 [ TLEZH.
20001 " = 2001 *
e *kok = *
E 1500- & 1501 T
e <
“ i Iz i
ﬁ 1000 = 100
500- & 50
by
0- 0-
Ist 2nd 3rd 1st 2nd 3rd
(EEZRV € MEIRIREL
B C

3 ATP [k TLE B A Ca* AR

AR 10 pM ATP T TLE S35 F T IE 5 1 S 20 0 B

FRAP 1 min, (BB 2 min; BN ATP BFARMIN Ca® " JKF-370 3 B, C S L2k T T AR I (I % R 25 7% i 445 60 i 2 5

SR IR ZH LA, P<<0. 05, " P<<0. 01



b SR ZBON 2024 4F 2 H 5 31 B4 1Y)

Jrrh RaA I K B T 00 T3 R AR R O AR A s
AR LY . BRI & B GluA3 FE R R BR
/INERSEBR Lk = i g A NREM. BEHIR (A RRAIE , 22 91
B (deltal , delta2 F1 theta) ¥ fing L, K1 2 R
. 1EAh,9 H GluA3 B BRI A 3 RAETH
Pl R G SEH ] 2R 300 8 0 & A » B GIuA3 JE AT 1Y
BRI RE 2 S BORR & ME . GluA3 FE Bk
77 A ARSI 0 W W8 55 s 2E AT Ry i b o P
IRPF AR 22, x4 8 R W] GluA3 A B A AN
(7] PPy o 28 2 B2 M R BB, I PR R & A 7
PR R B IR GluA3 i 2k A AL BR T #i
ZRGE I RFEWARE L, AL RN
GluA3 TE S i rb iy F PR AL T8 AP i
MR H AR 2K R 260~300 pML TR
ik B ) B K P2 AS 22 TEARARURE IR 22 AU R
N, RERZ RS FEIEE S AR A5 ML
ZEFD PN o AELSCE A X A A Bsf ) P PR AT o
TRIKAF-C>100 pMD AR 2R AE BB T N 45 6, W
LA R ARG T I P A R R K
AR (C>100 (VD S S 401 JLAE I PGP G2 20
B RIS AR 2 AR T Re sl g, SR, — HL
IXLEAT AR A B] B A R KA ZH R B 1 B4y
GRS AT RERS . Kbt R SR AR sl
GARRAZAARFE R AT VA1 G928 200 JEL D) R o 40 248 LAY BFF
th SR T R 2 NS e = @ e oy IV
AT AN B ARSI B AT BBV RS 18 Y 1)
REEATS O, FEHPAX M RGP GluA3 Z AR IS
RN 127 T L AL PR Bl T 20 B Y S5 skt
WA, Bk B e R, ACHIF T IR S TR B ) SR A%
YHfxT ATP (R A sOv . 2 HAIE N Y Ca*™ K
YUy, 7Rl ATP JKE Ca 7K P m s
IRBNEAH ARG IR B RS T R KT . ARBFSE AL
W] TLE 351 PBMCs BA KA Ca*" 22 niiie
Jin Ca** B B RE 1. S rY o g8 3R B KR Y
ATP Al 5 GluA3 EAEH 3R] PBMCs 5 2L
SRERZIRE5A " . ATP #il b2 4n i ndfg
SN SR T4 AL g Ot 25 30 ATP B, IFAE R
— PGSR s FEXFPE O ATP K P 41 i 5T
B AELAE A1 L AR 7K S AE R RGP, B A
ATP gtz h i, JLIWT o R4 g sk ATP &
IRV B AN M I R A g AR R
B TLE B 4 b GluA3 Rak /KT, R
AR N B i A R . AR i ST R GluA3 K3k K

047.

AR RETE 2 AR EE 1M PR AN A A RS

S AREGY R IS R IR AR TLE 41
PBMCs I+ GluA3 Z iR F IR REAK. 84 ph 4858
JoT AT SR E IR T B AT b TR AP B Br . PBMCs
JEN R4 R TR S 0 an T 48 . B 408 . NK
20 B A EAAZ A L AN [ 200 25 R v iGLuR WE R 3R
IR IR T BEAN [R] - PRI e 2 S0 R 6T AN [) 41 i 7
TRIE AN . ASBIFFE I R IR 3 — P 28 S 8 iR
R E R T WP UEE .

2 £ X #t

L] e,k aknk  MB3e vk, 45, 56 TR 2 ML T BRI ph 4L
TRV 2527 1) VA 000 3550 - 0 VA 45 A o i A5 3R B 43 B
(1], FhaBEE 22875, 2021,101(37) : 3024-3028.

(2] 8, FIE, X048, 5. T 18 miR-203 #1 [ MEF2C/NF-«B 1)1 il
TP A B VR I T 200 L 1 355 £ R S e SN ). o B R
AR, 2021,26(6) :449-454.,

(3] WS, BRI, R 2 . 55, /INBE 5 4N 1A 5 4 8 e 46403 76 4
ZIRATHESR PRI 1. o E AR TARBFSE, 2021, 25(7)
1109-1115.

[4] Tan THL,Perucca P, Brien TJ, et al. Inflammation, ictogen-
esis, and epileptogenesis; an exploration through human dis-
easel J . Epilepsia,2021,62(2) :303-324.

[5] Zeisel A,Hochgerner H, Lonnerberg P, et al. Molecular archi-
tecture of the mouse nervous system[ ] ]. Cell, 2018, 174(4)
999-1014. €22.

[6] Burkhardt P,Jékely G. Evolution of synapses and neurotransmitter
systems: the divide-and-conquer model for early neural cell-type e-
volution[ J ]. Curr Opin Neurobiol,2021,71:127-138.

[7] Gu YF,Wu HM, Wang TY,et al. Profiling analysis of circular
RNA and mRNA in human temporal lobe epilepsy with hipp-
ocampal sclerosis ILAE type 1[]J]. Cell Mol Neurobiol, 2022,
42(8):2745-2755.

[8] Liao J,Wang S,Yang H,et al. The mRNA expression levels of
GABAA receptor al and o2 subunits in patients with major de-
pressive disorder during onset and remission[ ] ]. Int J Neuros-
¢1,2022,132(6) :606-612.

[9] Tadic V,Adam A,Goldhammer N,et al. Investigation of mito-
chondrial calcium uniporter role in embryonic and adult motor
neurons from G93AhSOD1 mice[ J ]. Neurobiol Aging, 2019,
75:209-222.

[10] Vogeler S, Miller-Ezzy P, Li XX, et al. First report of a putative
involvement of the NMDA pathway in pacific oyster (cras-
sostrea gigas) development: effect of NMDA receptor ligands
on oyster metamorphosis with implications for bivalve hatchery
management[ ] ]. Aquaculture,2018,497;140-146.

[11] Levite M, Zelig D, Friedman A, et al. Dual-targeted autoim-
mune sword in fatal epilepsy: patient’s glutamate receptor AM-
PA GluR3B peptide autoimmune antibodies bind, induce reac-
tive Oxygen species (ROS) in, and kill both human neural
cells and T cells[ ] ]. ] Autoimmun,2020,112:102462.

[12] Gardoni F,Stanic J, Scheggia D, et al. NMDA and AMPA re-
ceptor autoantibodies in brain disorders: from molecular mecha-
nisms to clinical features[]]. Cells,2021,10(1):77.

(F#% 72 1)



0720

the miR-4425/MTA3 axis[ ] ]. ] Gene Med, 2019, 21 (4):
e3074.

[10] Li B, Zhao HK, Song JM, et al. LINC00174 down-regulation
decreases chemoresistance to temozolomide in human glioma
cells by regulating miR-138-5p/SOX9 axis [ J ]. Hum Cell,
2020,33(1):159-174.

[11] Fan G, Jiao J, Shen F, et al. Long non-coding RNA HCG11
sponging miR-522-3p inhibits the tumorigenesis of non-small
cell lung cancer by upregulating SOCS5[ ] . Thoracic Cancer,
2020,11(10) :2877-2886.

[12] Zhang H, Huang H, Xu X, et al. LncRNA HCG11 promotes
proliferation and migration in gastric cancer via targeting miR-
1276/CTNNB1 and activating Wnt signaling pathway [ J .
Cancer Cell Int,2019,19(1) :350-362.

[13] Liu K, Tsung K, Attenello FJ. Characterizing cell stress and
GRP78 in glioma to enhance tumor treatment| ] ]. Front Oncol,
2020,10(1) :608911-608928.

[147] Yang J.Yu D,Liu X, et al. LINC00641/miR-4262/NRGN axis
confines cell proliferation in glioma [ J]. Cancer Biol Ther,
2020,21(8) :758-766.

[15] Liu ZZ,Tian YF,Wu H, et al. LncRNA H19 promotes glioma

[16]

[17]

(18]

[19]

[20]

Stroke and Nervous Diseases, Feb 2024, Vol. 31, No. 1

angiogenesis through miR-138/HIF-1o/VEGF axis[J]. Neo-
plasma,2020,67(1):111-118.
Yu MJ, Yi BL,Zhou W, et al. Linc00475 promotes the progres-
sion of glioma by regulating the miR-141-3p/YAP1 axis[J]. J
Cell Mol Med,2021,25(1) :463-472.
Park JE,Kim HW, Yun SH, et al. Ginsenoside Rh2 upregulates
long noncoding RNA STXBP5-AS1 to sponge microRNA-4425
in suppressing breast cancer cell proliferation[ J]. J Ginseng
Res,2021,45(6) : 754-762.
Nakae A,Kodama M, Okamoto T,et al. Ubiquitin specific pep-
tidase 32 acts as an oncogene in epithelial ovarian cancer by
deubiquitylating farnesyl-diphosphate farnesyltransferase 1
[J7]. Biochem Biophys Res Commun,2021,552(1):120-127.
Weng ML, Chen WK, Chen XY, et al. Fasting inhibits aerobic
glycolysis and proliferation in colorectal cancer via the Fdftl-
mediated AKT/mTOR/HIF1a pathway suppression[]]. Nat
Commun,2020,11(1) :1869.
Lu J,Zhou Y, Zheng X, et al. 20(S)-Rg3 upregulates FDFT1
via reducing miR-4425 to inhibit ovarian cancer progression
[J7. Arch Biochem Biophys,2020,693(1) ;: 108569-108579.
(2023-03-27 Y i)

(b5 27 T

[29] VESCEE. QPR RTHR BRI A4S PH ZE L 2 vh B 35 1A IR YT a0
1L % 5 e 46 5 S % T U 2 il ) s PR AF 92 LD, JE W80« i 1 5
2R 2020,

[307] Thorén M, Azevedo E, Dawson J, et al. Predictors for cerebral
edema in acute ischemic stroke treated with intravenous throm-
bolysis[ ] ]. Stroke,2017,48(9) ;2464-2471.

[31] Li SP,Bian LG,Fu XY,et al. Gastrodin pretreatment alleviates
rat brain injury caused by cerebral ischemic-reperfusion[ ] ].
Brain Res,2019,1712:207-216.

[327] De Meyer SF, Denorme F, Langhauser F, et al. Thromboin-

[33]

[34]

flammation in stroke brain damage[ ] ]. Stroke, 2016, 47 (4):

1165-1172.

Gautier S,Ouk T, Petrault O, et al. Neutrophils contribute to

intracerebral haemorrhages after treatment with recombinant

tissue plasminogen activator following cerebral ischaemial J .

Br J Pharmacol,2009,156(4) :673-679.

Petrone AB, Eisenman RD, Steele KN, et al. Temporal dynam-

ics of peripheral neutrophil and lymphocytes following acute is-

chemic stroke[ J]. Neurol Sci,2019,40(9) :1877-1885.
(2023-08-11 k)

(4% 47 70O

[13] Schmidt JA,Fensom GK,Rinaldi S.et al. NMR metabolite pro-
files in male meat-eaters, fish-eaters, vegetarians and vegans,
and comparison with MS metabolite profiles[ ] ]. Metabolites,
2021,11(2):121.

[14] Chou TH, Tajima NM, Romero-Hernandez A, et al. Structural
basis of functional transitions in mammalian NMDA receptors
[J]. Cell,2020,182(2) :357-371. e13.

[15] Foo NP, Liu YF,Wu PC, et al. Midazolanys effects on delayed-
rectifier K* current and intermediate-conductance Ca®* -Acti-
vated K* channel in jurkat t-lymphocytes[ J]. Int J] Mol Sci,
2021,22(13).7198.

[16] Minutti-Zanella C, Gil-Leyva EJ, Vergara 1. Immunomodulato-

[17]

(18]

[19]

ry properties of molecules from animal venoms| ] ]. Toxicon,
2021,191.54-68.
Eapen AV, Ferndandez-Ferndndez D, Georgiou J, et al. Multiple
roles of GluN2D-containing NMDA receptors in short-term po-
tentiation and long-term potentiation in mouse hippocampal
slices[J]. Neuropharmacology,2021,201:108833.
Peng SX, Pei JW, Rinaldi B, et al. Dysfunction of AMPA recep-
tor GluA3 is associated with aggressive behavior in human[ ] ].
Mol Psychiatry,2022,27(10) ;: 4092-4102.
Hafner-Bratkovic I, Pelegrin P. Ion homeostasis and ion chan-
nels in NLRP3 inflammasome activation and regulation[ ] ].
Curr Opin Immunol,2018,52:8-17.

(2023-07-08 Yeki)



