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[Abstract] Objective To investigate mitochondrial functional alterations in T lymphocytes of patients with anti-
N-methyl-D-aspartate receptor encephalitis (anti-NMDAR encephalitis, NMDAR-E) and their association with immune
exhaustion. Methods Twenty-five patients with NMDAR-E diagnosed in the Department of Neurology, West China
Hospital, Sichuan University, between January and March 2025 (14 mild cases and 11 severe cases) and 16 healthy
controls were enrolled. Flow cytometry was performed to characterize immune-cell distributions in paired peripheral
blood and cerebrospinal fluid (CSF), and to evaluate the percentage of cells with low mitochondrial membrane potential
(MMP-Low%), mitochondrial mass (MM), and PD-1 expression. Results In severe patients, the proportions of CD3"
and CD4" T cells in CSF, the MMP-Low% of CD3", CD4", and CD8" T cells (P < 0.01), and the MM of CD3" (P < 0.01)
and CD8" T cells (P < 0.05) were all significantly higher than those in matched peripheral blood. Compared with healthy
controls, the MMP-Low% of naive and central memory CD4" and CD8" T-cell subsets in peripheral blood was
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significantly decreased (P < 0.05), whereas the proportion of PD-1-positive cells was significantly increased in CD4 naive

and central memory T-cell subsets (P < 0.01). Conclusion CSF T cells in patients with anti-NMDAR encephalitis display

a state of dysfunctional mitochondrial accumulation, suggesting a possible dysregulation of mitochondrial mass

homeostasis under the central inflammatory milieu. Mitochondrial features of peripheral T cells indicate the presence of

systemic immune exhaustion. The MMP-Low% of CSF CD8" T cells and the peripheral blood lymphocyte percentage may

serve as potential immunometabolic biomarkers for distinguishing disease severity in NMDAR-E.
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Table 1 Clinical characteristics of peripheral blood (PB) and cerebrospinal fluid (CSF) samples

Clinical characteristic Mild cases Severe cases Healthy controls Mild cases Severe cases
(PB, n = 14) (PB, n=11) (PB, n = 16) (CSF, n = 10) (CSF, n=11)
Agelyr. 35.71+15.27 28.36 +13.26 36.50 + 12.42 38.80 + 14.00 29.27 £13.57
Sex (male/female) 6/8 10/1 719 7/3 9/2
Admission mRS score 2.64 +0.50 4.55+0.52 / 2.63 +0.62 4.36 £ 0.50
Discharge mRS score 2.62+0.51 4.27 £0.47 / 2.53 £ 0.64 4.10 £ 0.57

mRS: modified Rankin scale.
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Fig 1 Proportions of T, B, and NK cells in peripheral blood (A), cerebrospinal fluid (B), and paired PB-CSF samples (C-H) comparing mild and severe cases

M, Sc, and He denote mild cases, severe cases, and healthy controls, respectively. Statistical significance is indicated by asterisks: "

tests; adjusted P values are reported when multiple comparisons were performed).
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Fig 2 MMP-Low% of T, B, and NK cells in CSF of mild and severe patients (A); paired sample comparison of MMP-Low% (B-F) and mitochondrial mass

(MM) (G-K)

Mg, Sc, and Hc denote mild cases, severe cases, and healthy controls, respectively. Statistical significance is indicated by asterisks: '

tests; adjusted P values are reported when multiple comparisons were performed).

P<0.05, " P<0.01 (two-sided
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Fig 3 MMP-Low?% of refined peripheral T cell subsets across disease severity groups

Mg, Sc, and Hc denote mild cases, severe cases, and healthy controls, respectively. Statistical significance is indicated by asterisks: " P<0.01 (two-sided tests; adjusted

P values are reported when multiple comparisons were performed).

Kk ko kok

80

me Mc
m Sc

== Hc

AR RS SN

B 4 REFRIEMELSNE MCD4" THRFEH 5> 2% PD-1PA M40 Aa LE i
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subsets across disease stages
Mg, Sc, and Hc denote mild cases, severe cases, and healthy controls,
respectively. Statistical significance is indicated by asterisks: “P<0.01 (two-sided

tests; adjusted P values are reported when multiple comparisons were performed).
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Fig 5 Immune-metabolic indicators distinguishing severe from mild cases and their corresponding ROC curves

PB: peripheral blood; CSF: cerebrospinal fluid; AUC: area under the curve.
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SE LA B BV B, 2 0 R 8 2 O T v (L ) R T 0 11
{11 I 5 O =571 Wk B2 ) O S 7 s R Nl
DI Ry T 20 B ph ) 300 R0 1) R FE IR % 10 Y S S B 5
FIE

PD- L& FE Y i i AZ O R 4% F 7, S S TCR-CD28,
PI3K-AKT-mTOR-5 PGC1 o538 i I T4 a8 5 15 2k s
H A, R RER A R R . ARG BRI
AN KA Y R A TP S B PD- 18 538 5 T4 MY
FEUR R DA G, A 1 &R INMDAR-E # 4MEI CD4

TAIMIPD- 1535 /KF- 1 2 T, $278 HIENMDAR-EH ]
RERIEEMIMER]

TR BRI, A5 2K e 1 H2 4 00 ik 5 9 T 4
PD-13K3k, (HHZRAASFFE 5 PD- 143 (0 FE s HL )
2 ARRIRE ALY R &, 255 A i D g
3k 5 AU B BR R R, 1 — 25 W T 20 LA R 8 T
NMDAR-EH HFEH] .

25 |, AHF5E 4878 T NMDAR-ES % T4 7E 4L T
B SACHTIRE b s kAR, SR AT BRI T R A E
PO L A RON, I RERE R AR R . X — R IANY
GRAL T XTI ZENMDAR-EHE A BB, R oh Ak HE
] e A Rl T AL 1 P BEA;

* * *

FEETRAY DR L OIHE OB BER g . EMT L BFSEOT
Bk, WTRLE WA E A 3 S AR S AR, IR A SR SO L
B G WIS R RIRIRT S, BRI AL B SR e PR
ERRITS SR, T8 FOSTOIT H A SRS LRI, 206 5 3T B
S, RO TS SCHIE . 2 SRBCRIEL BEREIR, Y ST SR | &
PRI, BT AT BRI EIR . BT 1R O & R RO SO e 45
A, EORHE R R RRASEA T2 A, IR TAR R Jr T 5o
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