http://aammt. tmmu. edu. cn P 2275 5 R 2273, 2026, 48(5) 543

W - LA B

AR S KK 2ERIRE CDS'T @R E : — TN R E/REVNULARERRSERRE
FELFILH

FRSRSL, BB, R R Pili A5 R (B = R R ) B — W I e ' AR, W s By 0 B DR T B S B
PR P -5 A DR R GBI i PR R A7 Pt FE R

(E] HM @ & E/REEPLE (Mendelian randomization, MR) /7% , R ESE 10 Fh IR
JEAH SC T 2R AR5 CDS™ T Al 5 R A Z [ g W ] RUR R . ik SRAAUR MR J5 ik, B F 4
%ﬁﬂ%ﬁ%ﬁﬁ?{(genome-wide association studies, GWAS) ZHE I M EE , JEBLS 10 FP IR FFIEAH 255
F KA LA K 4 Fh CD8™T 40 A 5 A 32 50 i 25 FH 56 A9 ARG R 2 A5 PR A A T A o 3 7 25 AR
% (inverse variance weighting, IVW )/E R =08 7772, [ R F MR-Egger AL B0 | fa7 5L ACE A
FOMBURBCE VA TN TS0 M1 o 383 Cochran’s Q 465 . MR-Egger #5465 . MR-PRESSO } B8 — 1= S5
TR T I IE 25 S R fd v S e 25k . S MR T R, A BHKOE 54K 404k CDS'T 41 it e
1 (IVW : 8=1. 71,95%CI: 0. 59~2. 83, P=0. 003) ,CD45RA"CD28 CD8"T 41 it Lb {51 (IVW : 8=2. 23,95%CI :
0. 65~3. 80, P=0.006) . CD28'CD8"T 40 Jifg [t 1] (IVW : 8=1. 13, 95%CI: 0. 11~2. 15, P=0. 030 ) 1F A 5% .
K IRATR K- 54K 5310 CDS™T 4 i b 49l iE A & (IVW 2 8=1. 69,95%CI : 0. 57~2. 82, P=0. 000 3) , Ifij 1
i & -6 K F 5 CD28CDS'T 41 My & # (IVW: B =0.28, 95%CI: 0.03~0.53, P=0.026) #
CD45RA'CD28'CD8T 4 its .45 (IVW : 8=0. 41,95%CI: 0. 02~0. 79, P=0. 04) IEAH &, N*, N*- W KL 19 4
K5 CD45RA'CD28 CD8'T 4 ffl 46 XiF 115 (IVW . 8=2. 53,95%CI : 0. 51~4. 55, P=0. 014) IEAH 5% . JZ [f1]
MR 53§77 , CD45RA'CD28 CD8"T 4 Jfd 48 X 1145 384 Jin m K3 A% PR g 7K - (IVW : B=—-0. 00 003, 95%CI
-0. 000 062~-0. 000 004, P=0. 024) . A HUEPE T 2 HE B 2L Rl rE . 858 R FEAE
FHICEE 2 SACI YIS CD8T 41 b 3 22 22 [ A7 A WU Ie) PR ARSI | Sk PREEAE 5 28 D) E 25 BL AW ALl 4 4t
TR R SRR S VA T I

(KR JREFAEAH B ZE S ; CDS'T 4 e 5 3 5 d A /R BEALAL A Y

[HREESZES] R363.21;R392. 3;R692. 5 [ XEAARERD ] A

Carnitine and kynurenine drive CD8'T cell senescence: a bidirectional Mendelian
randomization study elucidates novel mechanisms of uremia-associated immune

dysregulation

SUN Yuewen, LAN Qigang, ZHAO Jinghong Department of Nephrology, Chongqing Key Laboratory for Prevention
and Treatment of Kidney Disease, Chongqing Clinical Research Center of Kidney and Urology Diseases, Second
Affiliated Hospital, Army Medical University (Third Military Medical University), Chongqing, China

[Abstract] Objective To systematically investigate the bidirectional causal relationship between 10

[(E€WB] EXAKREFR4HE ST H (82030023, 82530025) 5 [H 5K [ 48 BF 4 5L 4 B4 3 4 100 H (U22A20279) 5 5 B 7 AfF 7 A8 BHIF A1) 3 101 H
(CYB23281)
[EBEEE] BRE%, E-mail:zhaojh@tmmu. edu. cn

2097-0927/Copyright © 2026, A2 K2 (5 =2 R%) o X RIFHORBCCEEG CC BY ¥ 7] FMY (https: //creativecommons. org/licenses/by/4. 0/)
I FAE R ARG, TR RS X . PR R R IR K 3l CD8'T AH % - — 00X i A/ WAL A A 72 o R IR A RE S RE SR LT ILAR (T ). B 2222 B
#2447 ,2026,48(05) : 543-550. DOI: 10. 16016/j. 2097-0927. 202512135.

Citation:SUN Y W, LAN Q G,ZHAO J H. Carnitine and kynurenine drive CD8'T cell senescence: a bidirectional Mendelian randomization study elucidates
novel mechanisms of uremia-associated immune dysregulation[J]. ] Army Med Univ,2026,48(05) : 543-550. DOI: 10. 16016/j. 2097-0927. 202512135.



544

Bl 2242 K22 41, 2026, 48(5)

uremia-related toxins and metabolites and CD8" T cell senescence phenotypes using Mendelian randomization
(MR). Methods A bidirectional MR analysis was performed using genome-wide association studies (GWAS)
data to extract single nucleotide polymorphisms closely associated with 10 uremia-related toxins and
metabolites and CD8" T cell senescence phenotypes as instrumental variables. The primary analytical method
was inverse variance weighting (IVW), supplemented by MR-Egger, weighted median, simple mode, and
weighted mode. The robustness and potential pleiotropy of the results were verified by sensitivity analyses
including Cochran’s ( test, MR-Egger intercept test, MR-PRESSO and leave-one-out analysis. Results MR
analysis showed that carnitine level was positively associated with the proportion of terminally differentiated
CDS8'T cells (IVW: B=1. 71, 95%CI: 0. 59 to 2. 83, P=0. 003), the proportion of CD45RA*CD28 CD8'T cells
(IVW: B=2.23, 95%CI: 0. 65 to 3. 80, P=0.006), and the proportion of CD28 CD8'T cells (IVW: 8=1. 13,
95%CI: 0. 11 to 2. 15, P=0.030). Kynurenine level also showed a significant positive association with the
proportion of terminally differentiated CD8'T cells IVW: 8=1. 69, 95%CI: 0. 57 to 2. 82, P=0. 000 3), while IL-6
level presented a positive correlation with the proportion of CD28 CD8'T cells (IVW: 8=0. 28, 95%CI: 0. 03 to
0. 53, P=0. 026) and the proportion of CD45RA"CD28 CD8'T cells (IVW: 8=0. 41, 95%CI: 0. 02 to 0. 79, P=
0.04). N°, N>-dimethylguanosine level was positively correlated with CD45RA'CD28 CD8'T cell absolute
count (IVW: 8=2.53, 95%CI: 0. 51 to 4. 55, P=0. 014). Reverse MR analysis revealed an increase in the
absolute count of CD45RA'CD28 CD8'T cells was causally associated with a reduction in carnitine levels
(IVW: B=-0. 000 03, 95%CI: —0. 000 062 to 0. 000 004, P=0. 024). All sensitivity analyses supported the
robustness of the main findings. Conclusion There are bidirectional causal associations between uremia-

related toxins and metabolites and CD8'T cell senescence, providing novel causal insights and potential
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intervention targets for immune dysfunction in uremic patients.
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Figure 1 Workflow of this study
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Table 1 Information on GWAS datasets utilized in the MR study

Phenotype GWASID nSNP Sample size
Carnitine met-a-379 2545563 7797
Kynurenine met-a-375 2 545 666 7816
Interleukin-6 prot-a-1538 10 534 735 3301
N?,N’-dimethylguanosine met-a-679 2543 696 5228
Total fatty acids met-¢-936 11412 092 13 505
Urea met-c-939 11 807 298 18 814
Osteocalcin prot-a-246 10 534 735 3301
Phenylacetylglutamine met-a-677 2 545 653 7812
Uridine met-a-316 2545 676 7 800
Endothelin-2 prot-a-892 10 534 735 3301
Terminally Differentiated CD8T cell%CD8™T cells ebi-a-GCST90001558 15 141 588 3427
CD45RACD28 CD8'T cell%CD8'T cells ebi-a-GCST90001699 15138016 3425
CD28°CDS'T cell%CD8" T cells ebi-a-GCST90001686 15 147 619 3440
CD45RACD28 CDS™T cells absolute counts ebi-a-GCST90001698 15 135 597 3408

GWAS: Genome-wide association studies ;nSNP: Number of single nucleotide polymorphisms
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Table 2 Summary of instrumental variables intensity of

each exposure factor

Exposure nSNP  Mean F' Minimum F
Carnitine 67 34.53 23.90
Kynurenine 11 39. 04 23.76
Interleukin-6 3 26. 26 25.21
Nz,Nz—dimelhylguanosine 16 26.57 23.95
Total fatty acids 16 45.76 25.01
Urea 2 25.16 24.27
Osteocalcin 7 35.70 24.29
Phenylacetylglutamine 5 27.03 24.19
Uridine 8 32.24 23.96
Endothelin-2 6 59.65 24.12

The proportion of terminally differentiated

N 5 78.92 26. 38
CDS8'T cells

The proportion of CD45RA'CD28°CD8'T
3 35.10 25.35

cells
The proportion of CD28°CD8'T cells 8 28.70 24. 62
CD45RA'CD28°CD8'T  cells  absolute

60 31. 10 24. 14

counts

nSNP: Number of single nucleotide polymorphisms
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CD45RA*CD28-CD8"T cells absolute counts

Exposure Forestplot P B(95%Cl) Q Pegger Exposure Forest plot P B(95%Cl) Q Pegger
Carnitine ,—— 0.003 1.71(0.59~2.83) 0.992 0.260 Carnitine —— 0.056 1.58(-0.04~3.21) 0.992 0.127
Endothelin-2 0: 0.364 -0.06(-0.20~0.07) 0.146 0.105 Endothelin-2 0: 0.714 0.03(-0.13~0.19) 0.454 0.793
IL-6 » 0.275  0.17(-0.14~0.48) 0.273 0.738 IL-6 . 0.051 0.40(-0.00~0.79) 0.862 0.732
Kynurenine 5—0— 0.000 3 1.69(0.57~2.82) 0.240 0.288 Kynurenine *:—‘— 0.113 1.50(-0.36~3.36) 0.086 0.856
N2,N2-dimethylG —4— 0.449  0.52(-083~1.88) 0.412 0.530 NZ,N2-dimethylG \—¢—  0.014 2.53(0.51~4.55) 0.352 0.269
Osteocalcin + 0.858 -0.01(-0.15~0.13) 0.693 0.991 Osteocalcin ‘: 0.818 0.04(-0.28~0.35) 0.022 0.381
PhenylacetylG —#- 0.687 -0.21(-1.21~0.80) 0.155 0.104 PhenylacetylG —#- 0.345 -0.54(-1.67~0.58) 0.569 0.375
Total FA :0 0.594  0.04(-0.12~0.20) 0.801 0.730 Total FA ’: 0.770 -0.03(-0.27~0.20) 0.938 0.854
Urea Jlr 0.586  0.17(-0.44~0.78) 0.129 NA Urea f 0.871 0.05(-0.54~0.64) 0.378 NA
Uridine —#— 0503 0.63(-1.20~2.48) 0.421 0.964 A Uridine —+ 0.414 -1.11(-3.77~1.55) 0.827 0.839 R
The proportion of CD28-CD8*T cells The proportion of CD45RA*CD28-CD8*T cells

Exposure Forest plot P B(95%ClI) Q Pegger Exposure Forestplot P B(95%Cl) Q Pegger
Carnitine —+— 0.030 1.13(0.11~2.15) 0.855 0.023 Carnitine ,—*— 0.006 2.23(0.65~3.82) 0.999 0.156
Endothelin-2 0: 0.944 -0.01(-0.16~0.15) 0.026 0.435 Endothelin-2 ’. 0.678 -0.05(-0.28~0.18) 0.040 0.265
IL-6 - 0.026 0.28(0.03~0.53) 0.512 0.455 IL-6 » 0.039 0.41(-0.02~0.79) 0.486 0.496
Kynurenine *:—0— 0.127 0.85(-0.24~1.95) 0.152 0.744 Kynurenine *:—0— 0.094 1.73(-0.29~3.75) 0.024 0.297
N2,N2-dimethylG—— 0.680 0.26(-0.96~1.48) 0.576 0.102 N2,N2-dimethylG —4— 0.326 1.01(-1.00~3.03) 0.305 0.912
Osteocalcin + 0.766 0.03(-0.18~0.24) 0.012 0.846 Osteocalcin + 0.880 0.02(-0.29~0.33) 0.018 0.808
PhenylacetylG —4 0.753 -0.11(-0.83~0.60) 0.978 0.778 PhenylacetylG 4 0.675 -0.24(-1.34~0.87) 0.412 0.226
Total FA ’: 0.803 -0.02(-0.16~0.13) 0.437 0.521 Total FA + 0.935 -0.01(-0.25~0.23) 0.305 0.933
Urea » 0.517 0.13(-0.27~0.54) 0.272 NA Urea :* 0.247 0.45(-0.31~1.20) 0.184 NA
Uridine 4“:* 0.698 -0.33(-2.01~1.35) 0.801 0.299 ( Uridine e 0.729 0.46(-2.13~3.05) 0.536 0.666 D

A: Causal relationships between different metabolites or toxins with the proportion of terminally differentiated CD8'T cells; B: Causal

relationships between different metabolites or toxins with CD45RA*CD28 CD8T cells absolute counts; C: Causal relationships between

different metabolites or toxins with the proportion of CD28 CD8™T cells; D: Causal relationships between different metabolites or toxins

with the proportion of CD45RA'CD28 CD8'T cells. 1L-6: Interleukin-6; FA: Fatty acids. IVW : Inverse variance weighted ;

MR : Mendelian randomization; IL-6: Interleukin-6; FA: Fatty acid

B2 ARZFZERAEIT CDS T A Z RN

Figure 2 Effects of different toxins and metabolites on CD8'T cell senescence
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Exposure Outcome Forest plot
The proportion of Carnitine .
CD28-CD8'T cells IL-6 —e-
Kynurenine +
N2,N2-dimethylG +
The proportion of Endothelin-2 M
CD45RA*CD28- IL-6 .
CD8*T cells Osteocalcin .
Total FA ¢
Urea +
CD45RA*CD28 Carnitine +
CD8*T cells IL-6 .
absolute counts Kynurenine *
N2,N2-dimethylG +
The proportion of Endothelin-2 —
terminally differentiated 1L-6 —4—
CD8*T cells Osteocalcin —.—
Total FA .
Urea -

P B(95%Cl) Q Pegger
0.175  0.008(-0.003~0.019) 0.909 0.744
0.406 -0.067(-0.225~0.091) 0.516 0.820
0.578  0.005(-0.012~0022) 0.610 0.944
0.823 -0.004(-0.038~0.030) 0.044 0.491
0.445 -0.006(-0.021~0.009) 0.940 0.937
0.156 -0.011(-0.026~0.004) 0.911 0.970
0.679 0.005(-0.018~0.028) 0.088  0.495
0.350  0.006(-0.007~0.020) 0.040  0.685
0.297 -0.004(-0.010~0.003) 0.321  0.829
0.024 -0.000(-0.000~-0.000) 0.432  0.654
0.236 -0.000(-0.000~0.000) 0.306 0.615
0.471 -0.000(-0.000~0.000) 0.630 0.266
0.976  0.000(-0.000~0.000) 0.497 0.645
0.391 -0.091(-0.299~0.117) 0.260 0.262
0.756  0.028(-0.208~0.151) 0.649  0.837
0.751 -0.029(-0.209~0.151) 0.891 0.981
0.451  0.043(-0.064~0.150) 0.575 0.665
0.647 -0.021(-0.111~0.069) 0.453  0.411

IVW : Inverse variance weighted; MR : Mendelian randomization; IL-6: Interleukin-6; FA: Fatty acid
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A: Scatter plot of the MR analysis for the effect of the CD45RA"CD28 CD8'T cells absolute counts on carnitine level ; B: Leave-

one-out sensitivity analysis of the MR analysis for the effect of the CD45RA*CD28 CDS8'T cells absolute counts on carnitine

level. MR: Mendelian randomization; SNP: Single nucleotide polymorphism
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Figure 4 Scatter plot and leave-one-out sensitivity analysis of the MR study for the effect of CD45RA"CD28 CD8'T

cells absolute counts on plasma carnitine level
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