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Abstract

Objective: To explore the causal relationships among dermatomyositis (DM), immune cells, and
lung cancer (LC) through the bidirectional two-sample Mendelian randomization (MR) method, and
to verify the mediating role of immune cells in this process. Methods: The bidirectional two-sample
Mendelian randomization (MR) method was used to analyze the causal relationships between DM
and LC as well as its various subtypes. The two-step MR method was applied to explore whether
immune cells played a mediating role between DM and LC and its various subtypes. The MR-Egger
intercept method and the MR-PRESSO method were used to check for horizontal pleiotropy, and
Cochran’s Q test was used to check for heterogeneity. Results: According to the results of the MR
analysis, DM increases the risk of developing small cell lung cancer (SCLC) and lung adenocarci-
noma (LUAD). 38 immune cell characteristics were closely related to LC. Among them, the percent-
age of effector memory CD8+ T cells in CD8+ T cells, the expression level of CD25 on resting CD4
regulatory T cells, the absolute count of IgD- CD38+ B cells, the percentage of effector memory CD8+
T cellsin T cells, and the expression level of CD45 on CD33+ HLA-DR+ CD14 low-expression cells all
participated in mediating the causal relationships between DM and LUAD as well as SCLC. Conclu-
sion: Our research results indicate that the risk of developing LUAD and SCLC in patients with DM
will increase significantly. In addition, we found that five immune cell traits (the percentage of ef-
fector memory CD8+ T cells in CD8+ T cells, the expression level of CD25 on resting CD4 regulatory
T cells, the absolute count of IgD- CD38+ B cells, the percentage of effector memory CD8+ T cells in
T cells, and the expression level of CD45 on CD33+ HLA-DR+ CD14 low-expression cells) play an
important role in the pathogenesis of LC in patients with DM. In-depth research on these immune
cell traits will further clarify the pathophysiological mechanism by which DM leads to an increased
risk of LC.
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1. 5|

DM & — PR M S REVE LG, FLRFIE N B2 R FIAILIA 32 8 DA & 2 AN 38 B 5245 . DM IR 04 v W 4 8 TE
5% 14 £ L% 45 % 65 ¥ 2 i, WAMIGEREDL, WxtFAENIIT /1. Gottron Fe& . UEE/K T IR, LK
JULEE PR 7 R A 45 R S 45, ¥ BT DM s bi[1]. HaTHIsF iR, Rl RGmw. BYL.
BAER R AR RZH S DM RAEF K. Hf, 5 RGR 0 £ RN % R G 00E 5 1R k.
WIAFIHABH A, XA Z DM B — N EERFHLE] . /£ DM B3, & 2 W G 40 i
S EOE . OB RAT DL R DR R 2], AT DM 5 s i S aL 2 M F R R R, BB TIRA T DM
IR IRALEL, FEAHBhIT R FTIE TS SR, I BINLE PRI T8 A7 18 Jov2HEBR VR 2% O £y LA S HE DA 2
DR G R AR A BRI, SINTEHERG . I EEMIBT 5T 7 iR e e B I .

DM BFH WG A, R, #i2 DM EFILTREZ R T HEAR. iR, &
PEIR R LA B 8 WZE TR N [3]. DM B3 o i XU im0 =5, BdE e . O
FEE[4], IXWE T AR MR R M SOE MR [5]. 2T FE R, 765 DM MG, Ml
K F IR E[6]. 3% 40%[1) DM [ 2> & Bl [7], 10 HAEAEAT DM (1992 W78 (5 N BAE AR T I ) L
B, IXHN T X R SR O R I HEFE

G P2 A LA AV R SRR RE TR A FE A A P o BB 2 T i 1 W A RE R A Y — A S ALK 8]
[FIFE, P RGRELIE DM AR ML At 3 AN nT B AR A, XA A5 X 401X = 3 2 [A) (1) R SR 06 R AR
R, deAh, G, JEIEREEITVE, Wbk SRS, WARES DM AR A SR [9].
REAKRERE RN EAER, S WANGIT R 7RG, KL, R DM, e 4 i A 2 8] 1)
RKHR, XTEAE DM AR AR AL S0 TS DA S HE B 1) S 2 R A B X

MR 3 M7 J2& —Fh 3 T84 A8 Ay T B A8 B (Instrumental Variables, 1Vs) R B HEWT 71, B 7E AL 2
R R 545 R A ER R K R [10].  d bl /R BENLAL 73 4 I AZ 0 J5 38AE TR FH G 1 T% R 1 v 8 R Y
FIBEAL A BCAFAE, RS BE L RS () B2 4 . EMERMERT 7, i, T NIRRT fE S
[FiJ B SXof 5 i R 2R AN 5 J) 7 A A o X R R SR AR TR R R 3R . i PR B AL SR P B8R R 5, IX RS ek
A G0 WS A AT P T 4 R 3R s 1) ER AR o6 R BT S U e 22 [11] o TEART FE b, FRAT S i IR 2 & 1
(Single Nucleotide Polymorphism, SNP), {EN IVs, SRANEMEB T HIAE o 8k A A ) /R BE L
ortir, FATHIHG 7 DM 5 LC =FhE A 2 18] ) A SR OC 28 S FLORIBRI L o thAh, FRATNIE I IS W 25 /R
BEALAL AR A b, b T S 4iHi/E DM 5 LUAD. SCLC 2 [A] [R5 5¢ & R i AR

2. 5 HZE
2.1. Wi

FEAWE T, BA TR 7 XA A MR 73R IR 5T DM 5 LC K HANF AL 27 8] (0 R K A
DAL G e AR e i R A . JRATIEIC T SNP D IVs. Fir A Hicdis 238 o4 i PR ZH SC R 783045
MR 73 H7 5 BAE = AN BRI ATIE Foehk: 1) IVs 5RERFHEYVIMK: 2) IVs 5HAEER R T K,
3) IVs ezt B 5k R 2R S5 R[12]. A TE R B 2R KA R E MR . BEEBUN T, L
T RAR R DA U 2 B (R 6 /A1 22 25PN e B 22 A L AR IR R BT B ) R (R = R AR e
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2.2. BUIRFKIR

AW 5T FRAE B A AT BRI H O IEU OpenGWAS 101 H (https://gwas.mrcieu.ac.uk/), ZIH K& 5%
K E M. DM (#4524 SR 4T (Genome-Wide Association Study, GWAS) i Sk [ 25 22 J [K 41 1t
(FennGenn Consortium), .7 208 il %1 F1 213,145 4% ff. LC R H LY 104 >k B James D McKay %
N BN NFETT eI T . SCLC KK G5 2644 F17 151 F1 21,444 %I, LUSC HIEHE A5 7426 15
19 A1 55,627 44 % 1. LUAD %48 12 11,273 {51175 5 Al 55,483 44 % HE[13]. G2 20 ML ) B K 1 Valeria
Orru -5 AT JE I — Tl A JE DR 20 OCBRI 98, 95 Je 3757 AT B N[14]. XL daisang 1 7 %4
R B AN, WIIRANN(CDCs) B T 40, SRR, BE R4, TBNK (B 488, HAARAGANAE.
T 4HAE) DA ST VE T 40 (Treg)4, 04 4 Fh e AR M. X 40 f(AC)THE(n = 118). AHXT4HfI(RC)
THEU(n = 192). R THIHUR AT PR AL 658 FE (MFD) (n = 389) LA IE &2 S H(MP) (n = 32). T3
TR E R R B A F B BB, DRI FEA 2 (R E S

23. TETE%EF

FEGf e DM FI e 40 (1) T B AR Sy, FRATRA 7 &R BRI P <5 x 10°%, 7EffiL LC 1)
T HRAFEN, AR TE NI P<5x108, FRATET % B RIRE LGN r?=0.001, kb=10000)
K EBRIEBA VAT RV T ESCFF], HFERER SNP. &)a, HAMEHAR
F=R’(n-k —1)/(1— Rz)k (G n AFEARE, k NP TIRZ SMERIEE)ENIFIESM, BLF>10 Mbx
HE, ik 5 2 5 R R SR A R i A IR 2 S v T B AR 8 [15]. A1M# A T PhenoScanner V2
(http://www.phenoscanner.medschl.cam.ac.uk/) K ARV 4 S 40 Mt MR 22 25, FHFARIE BTk B 1)
TR AR = HERR 7 AHOCH) SNP.

2.4. BHESHT

AR 18 7 2 A2 (inverse-variance weighted method, 1IVW) . MR-Egger i AU A7 $ i (weighted
median). & 5. A £ iZ (simple mode method) 1AL Ax 3472 (weighted mode method) % §ifi ik i 1 B4t 34743
o IVWIERS V2 U2 SER I MR 04T 7735, %05 B0E BT A 138345 28 S 00 2 T R R & 1 B AN
B, AT BE RS Xk DR S 288 N HEAT — B At TH[16] . MR B2 AT TR T RS 15 /K P 22 bk, Lk n i mT
HEAE R 2 IR AR K 2 2801, MR-Egger S0l TH 45 5 5 IVW 45 51— 8[17]
BATCL IVW AR R EZ Gt Tk, AR DR 2 o IVW R R R I LE 8. 4 IVW LI P <
0.055 I}, FRATN N FE K 31 5 45 Jm) Z IR AAAE 235 ORIk . R A LU B L (odds ratio, OR){ELR 1T A A S 24,
HET IESUALEE T H L 95% & {5 [X 7] (confidence intervals, Cl). Ai g 0 #rifE R #AF(RA 4.2.0,
http://www.r-project.org) 1 { ] “TwoSampleMR” LK “MR-PRESSO” ¥l T. MR 2 #r4iit1h
4% H mRnd (https://cnsgenomics.shinyapps.io/mRnd/) #4715 .

25. RS

N T HEER AR R, JATREAT 7X0A MR 0. JAERH T MR-Egger ##iiZ Al MR-PRESSO
2 AR I VPG KT 2 2P . MR-Egger B2 — MO &L [B1 )9 77 . MR-Egger #7252 MR S H 117
AL B IK P 2 2 772 MR-Egger #UERIE M Z 18 MR-Egger #E = 0, BIANEAEKSF 2 3tk
R AT I 25 R R 2 (P < 0.05), MWK TELE K2 %01 . MR-PRESSO (Mendelian Randomization
Pleiotropy RESidual Sum and Outlier Test), B MR 2 X5k 2= M B BE(E A 5%, 1 AT DU T AR TE 7K~
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A

Z XM . MR-PRESSO i #HAT — AR5, WA BIRE L AR 2850 . iR 4 Rk s R
BE, WFIRAFIEKF 280 . 7RI H B H T AR5, MR-PRESSO 2 LRI 4E B fHE, SR )5 BT ik
17 MR 73#r, DRI IE f5 B9 R AN Al THE . FRATTEH T Cochran’s Q f 38 R T4l IVW %41 MR-Egger
RS RATEIE B R RESE T, BIBR AN SNP A2 U R AL ) 7 ]

3. &R
3.1. DM %} LC B9 R~

AR XEEA MR JPEBEAT 4047 J5 R, A8 IR BT B TRt e 7 804 T BAMEZE SR, (3 VW
IR T A RGeS, R DM {2 LC KA KUK IN(OR = 1.061, 95%Cl [1.000, 1.125], P = 0.049).
DM A1 LUAD XU (OR = 1.044, 95%CI [1.012, 1.077], P = 0.006) LA [z & SCLC (3 X [%:(OR = 1.098,
95%CI [1.034, 1.166], P =0.002), ‘5 LUSC &4 NG 23 G0k, R4 LAl MR 7 7iE g &, DM 5
SCLC RAENB K. M/, /iH MR 2HEP], LUSC 210 DM KKK (OR = 1.666, 95%CI [1.161,
2.390], P = 0.006), ifi LUAD £l SCLC I A4:(OR = 0.869, 95%CI [0.650, 1.164], P = 0.346), (OR = 0.869,
95%Cl [0.650, 1.164], P = 0.346), .7 1.

Table 1. The causal effects of DM on LC and its subtypes
7 1. DM xf LC RE T B HFE R L

exposure outcome method nsnp pval or or_Ici95 or_uci9s
DM LC VW 4 0.049 1.061 1.000 1.125
DM SCLC VW 4 0.002 1.098 1.034 1.166
DM LUAD VW 4 0.006 1.044 1.012 1.077
DM LUAC VW 4 0.116 1.080 0.981 1.189

3.2. RIEMAEY LC BYERBN

IVW 53 Brés REH, 45 36 P g iS5 LUAD M6, b 15 M efd LUAD &4 KU
B, 21 Fpfl LUAD KRR THE, W7 2. F 38 MauEdifi kA5 LUSC B &M, Hr 18 Fhmlfx
ik LUSC KAEKRKE, F34k 20 Fifl LUSC KA KR TS, WAk 3. 37 M diiffa & 5 SCLC 77E K R G
, JLrf 21 Ml PRAIR SCLC KA XU, A 4h 17 Bl SCLC R A THim, W% 4. MR-Egger #8656
F MR-PRESSO 751 P HIIKT 0.05, XEHAFAEKT-Z %1%, Cochran’s Q ke &/~ AFATE 7 i
Yo MHBRELAS SNP AN 2 el AR PR Al v fr 5 5 o

Table 2. The causal effects of 36 immunocyte phenotypes on LUAD
% 2.36 Fife R AR REIRT LUAD HIE RN

exposure outcome  method nsnp pval or or_Ici95 or_uci95
CD4 on naive CD4+ T cell LUAD vw 18 0.000 0.912 0.867 0.958
Memory B cell %lymphocyte LUAD vw 24 0.004 1.060 1.019 1.102

CD25 on CD45RA+ CD4 not regulatory

LUAD IvW 21 0.005 1.059 1.017 1.103
T cell
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CD4 regulatory T cell %T cell LUAD vw 16 0.007 1.074 1.020 1.132
CD11b on basophil LUAD VW 15 0.009 0.940 0.898 0.985
CD33dIm LA DR CDLIb LUAD VW 24 0010 0967 0942  0.992
CD14— CD16+ monocyte %monocyte LUAD VW 19 0.011 0.928 0.875 0.983
CD27 on memory B cell LUAD VW 24 0.014 1.047 1.009 1.086
HVEM on Effector Memory CD8+ T cell LUAD vw 16 0.015 0.960 0.928 0.992
CD3 on Natural Killer T LUAD IvW 14 0.016 0.928 0.873 0.986
Memory B cell Absolute Count LUAD vw 14 0.017 1.064 1.011 1.119
CD27 on IgD— CD38+ B cell LUAD VW 14 0.018 0.909 0.841 0.984
P'asm;%t:ri]grﬁfcndcgﬂc Cell LUAD VW 21 0019 1044 1007  1.083
CD27 on CD20- B cell LUAD VW 15 0.019 1.054 1.009 1.101

CD27 on CD24+ CD27+ B cell LUAD VW 28 0.019 1.039 1.006 1.072
CD20 on memory B cell LUAD VW 28 0.020 0.937 0.887 0.990

CD20 on memory B cell LUAD VW 24 0.020 1.061 1.009 1.116

CCR2 on granulocyte LUAD VW 17 0.023 1.055 1.007 1.104

CCR2 on plasmacytoid Dendritic Cell LUAD vw 19 0.024 1.047 1.006 1.089
CD25 on resting CD4 regulatory T cell LUAD vw 19 0.024 0.942 0.894 0.992
CD3 on CD3F* resting CRATeQUIAOY | yap — 1vw 17 0024 0958 0923 0994
CCR7 on naive CD8+ T cell LUAD VW 20 0.024 1.063 1.008 1.122
FSC-A on granulocyte LUAD VW 19 0.024 0.948 0.905 0.993

CD27 on IgD— CD38dim B cell LUAD VW 28 0.025 1.042 1.005 1.079
CCR2 on CDe2L plasmacytold LUAD VW 18 0025 1046 1006  1.089
CD25 on unswitched memory B cell LUAD vw 22 0.026 1.031 1.004 1.060
Effector Memory CD8+ T cell %T cell LUAD vw 14 0.027 1.058 1.006 1.112
CD45 on CD33+ HLA DR+ CD14— LUAD VW 15 0.028 0.947 0.902 0.994
IgD— CD38+ B cell Absolute Count LUAD vw 20 0.029 1.045 1.004 1.088
CD25++ CD4+ T cell %T cell LUAD VW 17 0.031 1.053 1.005 1.103
Granulocyte %leukocyte LUAD vw 24 0.031 1.064 1.006 1.126
Central Memory CD8+ T cell %T cell LUAD vw 21 0.032 1.069 1.006 1.135
CD11c+ monocyte %monocyte LUAD VW 18 0.034 1.057 1.004 1.112
HLA DR on HLA DR+ T cell LUAD VW 18 0.035 0.948 0.902 0.996

IgD on transitional B cell LUAD vw 24 0.037 0.943 0.893 0.996

CD45 on CD33+ HLA DR+ CD14dim LUAD VW 14 0.049 0.950 0.904 1.000
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Table 3. The causal effects of 38 immunocyte phenotypes on LUSC
7= 3. 38 MR R ARAFREIXT LUSC A E SR

exposure outcome  method nsnp pval or or_lci95 or_uci95
Unswitched memory 8 cell Absolute -y 19 0002 1134 1047 1228
CD27 on unswitched memory B cell LUSC VW 26 0.003 1.077 1.025 1.132
HLA DR on B cell LUSC (AVAVY 21 0.004 1.073 1.023 1.126
IgD— CD27- B cell %lymphocyte LUSC vw 16 0.004 0.906 0.847 0.970
CD27 on IgD+ CD38—unswitched | |y |y 23 0004 1053 1016 1092
memory B cell
CD14- CD16+ monocyte %monocyte LUSC VW 17 0.009 0.901 0.834 0.974
CD27 on switched memory B cell LUSC vw 27 0.009 1.058 1.014 1.103
SSC-A on lymphocyte LUSC Ivw 18 0.011 0.903 0.835 0.977
Activated & secreting CD4 regulatory
T cell % CD4+ T cell LUSC vw 22 0.011 0.968 0.943 0.993
CCR2 on monocyte LUSC (AVAVY 19 0.012 0.941 0.898 0.987
SSC-A on HLA DR+ CD8+ T cell LUSC Ivw 17 0.012 0.897 0.824 0.977
IgD on transitional B cell LUSC vw 27 0.014 0.918 0.857 0.983
CD45RA+ CD28— CD8+ T cell %T cell LUSC (AVAVY 143 0.014 1.001 1.000 1.002
CD28+ CDASRA~ CD8+ T cell LUSC VW 27 0014 0966 0940  0.993
Absolute Count
CD27 on IgD+ CD24+ B cell LUSC (AVAVY 29 0.015 1.054 1.010 1.100
i 0,
Secreting CD4 regr“(';tl?ry Teell%CD4+ | ysc vw 17 0015 0954 0918  0.991
CD28 on resting CD4 regulatory T cell LUSC vw 4 0.016 1.106 1.019 1.200
CD28 on CD39+ activated CD4 LUSC VW 18 0016 1052 1009  1.097
regulatory T cell
CD123 on CD62L+ plasmacytoid LUSC VW 16 0017 0958 0924  0.992
Dendritic Cell
CD123 on plasmacytoid Dendritic Cell LUSC vw 16 0.017 0.958 0.924 0.992
Naive CD4-CD8- T cell %T cell LUSC (AVAVY 22 0.018 1.062 1.010 1.117
CD4+/CD8+ T cell LUSC (AVAVY 14 0.019 1.106 1.016 1.203
Naive CD8+ T cell %CD8+ T cell LUSC (AVAVY 31 0.020 0.958 0.924 0.993
CD27 on memory B cell LUSC (AVAVY 23 0.020 1.053 1.008 1.099
Effector Memory CD8+ T cell LUSC VW 23 0021 1048 1007  1.090
Absolute Count
CD27 on IgD— CD38- B cell LUSC (AVAVY 28 0.022 1.061 1.009 1.115
CD14+ CD16+ monocyte Absolute Count LUSC VW 18 0.025 0.941 0.892 0.992
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Terminally Differentiated CD4-CD8— LUSC VW 25 0031 1.052 1.005 1101
T cell %T cell
CD27 on CD24+ CD27+ B cell LUSC Ivw 28 0.032 1.041 1.003 1.080
CD8dim T cell %leukocyte LUSC vw 16 0.034 1.063 1.005 1.124
CD8dim T cell %T cell LUSC VW 17 0.036 1.078 1.005 1.157
Granulocyte %leukocyte LUSC vw 23 0.036 0.944 0.895 0.996
HLA DR+ CD4+ T cell %lymphocyte LUSC VW 19 0.038 0.930 0.869 0.996
CD8 on naive CD8+ T cell LUSC VW 16 0.038 1.084 1.004 1.170
et Myelowd- Derved SUBPESSOT use ivw 16 0038 0949 0903  0.997
CD38 on IgD— CD38dim B cell LUSC VW 16 0.042 0.955 0.913 0.998
CD27 on IgD— CD38dim B cell LUSC VW 29 0.044 1.042 1.001 1.085
IgD— CD24- B cell %B cell LUSC Ivw 17 0.045 0.963 0.929 0.999

Table 4. The causal effects of 37 immunocyte phenotypes on SCLC
= 4. 37 MR R AMFREIXT SCLC BIE R

exposure outcome  method nsnp pval or or_Ici95 or_uci95
CD62L— monocyte Absolute Count SCLC VW 17 0.002 0.876 0.807 0.952
CD45RA- CD28- CD8+ T cell %T cell  SCLC Ivw 101 0.003 1.003 1.001 1.005
CD25 on CD4+ T cell SCLC VW 13 0.004 1.174 1.053 1.310
HLA DR on CD14- CD16+ monocyte SCLC VW 12 0.004 0.850 0.761 0.950
CD27 on IgD— CD38- B cell SCLC Ivw 27 0.007 1.108 1.028 1.194
HVEM on CD8+ T cell SCLC VW 13 0.008 0.865 0.777 0.963
Secreting CD4 re%Jgitr?try T cell Absolute scLC VW 19 0.009 1.051 1013 1.001
CD20 on '%E;OC“?‘?B’S(;“”SW“C““ SCLC  IVW 18 0009 0887 0811 0971
CD25 on IgD+ CD38— naive B cell SCLC VW 19 0.010 1.103 1.024 1.188
IgD— CD38dim B cell Absolute Count SCLC VW 17 0.011 1.155 1.033 1.292
CD25 on resting CD4 regulatory T cell SCLC Ivw 15 0.013 0.840 0.733 0.963
CD45 on CD33+ HLA DR+ CD14dim SCLC VW 15 0.016 1.091 1.017 1.172
CD127 on CD28— CD8+ T cell SCLC VW 17 0.016 0.897 0.821 0.980
CDA45RA on resting CD4 regulatory T cell SCLC vw 21 0.017 0.942 0.896 0.989
CD20- CD38- B cell %lymphocyte SCLC VW 21 0.018 0.872 0.779 0.977
HVEM on Terminally Differentiated scLC VW 29 0021 1073 1011 1139

CD4+ T cell
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CD25 on IgD— CD24— B cell SCLC VW 25 0.022 0.885 0.798 0.983
CD27 on CD24+ CD27+ B cell SCLC VW 28 0.022 1.072 1.010 1.137
CD86 on myeloid Dendritic Cell SCLC VW 16 0.022 0.872 0.776 0.981

Natural Killer Absolute Count SCLC Ivw 19 0.023 0.873 0.777 0.981

CD25 on IgD+ CD38- B cell SCLC VW 22 0.024 1.049 1.006 1.094

FSC-A on CD4+ T cell SCLC VW 21 0.024 0.921 0.858 0.989

HLA DR+ CD8+ T cell Absolute Count SCLC VW 30 0.025 1.065 1.008 1.126
CD20- CD38- B cell %B cell SCLC VW 21 0.026 0.886 0.796 0.985
Effector Memory CD8+ T cell %T cell SCLC vw 13 0.028 0.929 0.870 0.992
CD4+ T cell Absolute Count SCLC Ivw 20 0.033 0.902 0.820 0.992
CD4+ CD8dim T cell Absolute Count SCLC VW 17 0.035 1.104 1.007 1.210
IgD— CD38+ B cell Absolute Count SCLC vw 20 0.036 1.076 1.005 1.153
CD3 on HLA DR+ T cell SCLC VW 21 0.037 1.067 1.004 1.135

CD8 on Central Memory CD8+ T cell SCLC vw 14 0.037 0.900 0.815 0.994
Effector MemoryTCCSIéIH T cell %CD8+ SCLC VW 29 0.039 0.934 0.874 0.997
HVEM on Central Memory CD4+ T cell SCLC VW 14 0.043 0.940 0.886 0.998
CD4 on naive CD4+ T cell SCLC VW 16 0.043 0.904 0.819 0.997
CD127 on CD28+ CD4+ T cell SCLC VW 17 0.045 1.070 1.002 1.144
CD27 on memory B cell SCLC VW 22 0.045 1.093 1.002 1.192

CD3 on secreting CD4 regulatory T cell SCLC vw 18 0.046 0.936 0.877 0.999
CD28 on CD28+ CD4+ T cell SCLC Ivw 23 0.048 0.931 0.866 0.999

3.3. DM X} s 4R paay BE R38R

AW 7 DM 5 LUAD. LUSC. SCLC ZIAfRR KR, 455 KW, DM {2 LUAD. SCLC K
A AR N, 15 SCLC RAERBE T AT T DM 5 37 iRl SCLC . 35 FH S 1) G328 41 i 36 734 22 ]
R &R, 1FH4518: DM S5H b 5 Mfn e g R A AHG, 7. AARidZ CD8+ T 4iiffl s CD8+ T
YIH F T 43 L (OR = 1.051, 95%Cl [1.014, 1.095], P = 0.008). ## K CD4 A5 PE T 41 L) CD25 FiE /KT
(OR = 1.054, 95%CI [1.007, 1.104], P = 0.024). IgD— CD38+ B 4l il ff1 £ 5% 11 4 (OR = 1.056, 95%CI [1.011,
1.102], P = 0.014). M icfZ CD8 + T 4HMirE T 4HAE AT 5 9 1 43 Hi(OR = 1.059, 95%Cl [1.012, 1.1028], P
=0.014) L Jz CD33+ HLA DR+ CD14dim 4l L) CD45 ik /KF(OR = 1.079, 95%CI [1.011, 1.152], P =
0.022). ULIE 1. M, BT ARAIZ CD8+ T AL CD8+ T A v 5 (1 E 4 Eeah,  HoAth UM G 5 40
MR A W] 520 LUAD B . 11 H, BR T R e R A4k, mARIESE DM 5 AR g LUAD &
I S A R B 2 [AAFAE R IR G R

Bt MR-Egger #FEiEF1 MR-PRESSO A4, ARAKIMAFIEKT-Z 21 . @i Cochran’s Q fu i AR5
UEHAFE U . B kTR W], BERAEAT— A SNP R T8 B R Al T B 45 2R
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exposure outcome B se nsnp  OR(95%Cl) pval
Dermatomyositis IgD- CD38+ B cell Absolute Count 0.05412201  0.02215017 & 1.056(1.011, 1.102) H-| 0.014549076
Effector Memory CD8+ T cell %CD8+ T cell 0.05246164 0.01966565 5 1.054(1.014, 1.095) ke 0.007637727
Effector Memory CD8+ T cell %T cell 0.05722995 0.02319683 5 1.059(1.012, 1.108) H—1 0.013619495
CD25 on resting CD4 regulatory T cell 0.05271197  0.02340345 5 1.054(1.007, 1.104) e 0.024302319
CD45 on CD33+ HLA DR+ CD14dim 0.07631151  0.03328718 5 1.079(1.011, 1.152) l—0—| 0.021875680
Dermatomyositis Lung cancer 0.05883985 0.02993289 4 1.061(1.000, 1.125) i—0—4 0.049330319
Small cell lung carcinoma 0.09345142  0.03053419 4 1.098(1.034, 1.166) | e— 0.002209304
Squamous cell lung carcinoma 0.07712064 0.04905517 4 1.080(0.981, 1.189) P—O—i 0.115922611
Lung adenocarcinoma 0.04301875 0.01573156 4 1.044(1.012, 1.077) ] 0.006246538
IgD- CD38+ B cell Absolute Count Lung cancer 0.03872628 0.01733502 20 1.039(1.005, 1.075) H-! 0.025483665
Small cell lung carcinoma 0.07351539  0.03514592 20 1.076(1.005, 1.153) 5—0—| 0.036463646
Lung adenocarcinoma 0.04444236  0.02040895 20 1.045(1.004, 1.088) lagl 0.029436464
Effector Memory CD8+ T cell %CD8+ T cell Small cell lung carcinoma -0.06876970 0.03335372 22 0.934(0.874, 0.997) P—H 0.039223938
Effector Memory CD8+ T cell %T cell Small cell lung carcinoma -0.07376392 0.03354979 13 0.929(0.870, 0.992) i 0.027903516
Lung adenocarcinoma 0.05643648 0.02555041 14 1.058(1.006, 1.112) ‘¥—0—1 0.027186580
CD25 on resting CD4 regulatory T cell Lung adenocarcinoma -0.06007038 0.02657577 19 0.942(0.894, 0.992) D—H 0.023799926
Small cell lung carcinoma -0.17420686 0.06979706 15 0.840(0.733, 0.963) —— 0.012563603
CD25 on resting CD4 regulatory T cell || id:ebi-a-GCST90001937 Lung cancer -0.04430369 0.01937617 17 0.957(0.921, 0.994) ot 0.022224819
CD45 on CD33+ HLA DR+ CD14dim Lung adenocarcinoma -0.05077395 0.02583968 14 0.950(0.904, 1.000) a g 0.049418839
Small cell lung carcinoma 0.08741637 0.03615846 15 1.091(1.017, 1.172) \—e— 0.015623631
016 0.8 1 12

-—
protective factor risk factor

Figure 1. Forest plot of OR ratios for DM on LC, DM on immune cells and immune cells on LC
[E 1. DM X} LC. DM Xt % & 4RI K S & 45T LC B9 OR FRHK[E

3.4. BT

1A J3 #1 (Mediation Analysis) /& — 7 FH 748 7t B 22 & (X) aifrsd it — AN 82 A i A8 B (M) o R AR &
()= R Gt o A 772, BAERINT AR B2 (A R SR G R/ AL ZEHR A 0B, R S (X)X R AR & (Y)
(R RZ I BT DLy N BB RN R B2 N . BB RN AR 2 X ANEI P A AR M BB Y AR e (A
RN X @ A AR R M Y PRI, O R RN . TR AR R R AR R ]
T ARRMAR, BEATENIER T RESN, JRmEmRALE, AF5H, DM NEHAR, 4
PN R AR, filE R R A IR RECE TR A0S, BRI A AN = DM X G4
(IR SRR 5 G e 4R LC (R SRR 3R, BB IR an & 2 fiow

Immune cells

p1 B2

Total Effect 53
DM LC
Indirect Effect = f1*42
Direc Effect = 3 — f1*42

Figure 2. Steps of mediation analysis
2. AN TSR

AE_ERRF T R I, DM 240 LUAD M1 SCLC &R, I HAUSHnm ez 505 7iX
FRERI R OCHR . AR T H22 MR J52:K 8 EVEAG R 4l it/ SRR . Fort, DM X LC S22 5 2%
B, E GBS R R RN, W3 2 22 N BN, Gl e (R 2 B B DAL KR4S DM A
SR E 4y (18], 7E DM H/h4HH LC MR F G, AN idiZ CD8+ T 4ufd 5 CD8+ T 41 i1 Fi 43
LU (A 5 280N L5 A —3.80%, 5. CD4 5% T 4iiffd b CD25 FIEKF A5 25 L1l 9—9.83%, 1gD—
CD38+ B 4t it BN SN A 4.26%, RN icAZ CD8+ T 4ifrE T 40 AIr i 43 EL A S 20
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A

b N 4.52%, CD33+ HLA DR+ CD14dim ZHiffl I CDA45 Fik/KF-HIN- SR8 thpl ly 7.14%, W% 5. 1F
DM Sl R R SeBeh, # A CD4A A T 4 B CD25 Rik/K PRI SN N-7.37%, IgD-
CD38+ B 4t it BN SN A 5.59%, RN icAZ CD8+ T 4ifrE T 40 i &5 & 43 EL A S 20
b N 7.51%, CD33+ HLA DR+ CD14dim ZHiffl | CD45 Fik/K RIS 240 thpl ly 9.01%. W% 6. %4
BRI, AT T DM Gt 1) f 0 .

Table 5. Percentage of mediating effect of immunophenotypes in the relationship between DM and SCLC

5. REMAAREE DM 5 SCLC XRZFHHNBRBE S

Exposure Outcome Mediator Percentage of Mediating Effect
DM Small cell lung carcinoma CD45 on CD33+ HLA DR+ CD14dim 7.14%
DM Small cell lung carcinoma Effector Memory CD8+ T cell %T cell —4.52%
DM Small cell lung carcinoma IgD— CD38+ B cell Absolute Count 4.26%
DM Small cell lung carcinoma  Effector Memory CD8+ T cell %CD8+ T cell —-3.80%
DM Small cell lung carcinoma CD25 on resting CD4 regulatory T cell —9.83%

Table 6. Percentage of mediating effect of immunophenotypes in the relationship between DM and LUAD

6. REMAAREIE DM 5 LUAD XEZFHH N WM BT

Exposure Outcome Mediator Percentage of Mediating Effect
DM LUAD Effector Memory CD8+ T cell %T cell 7.51%
DM LUAD IgD— CD38+ B cell Absolute Count 5.59%
DM LUAD CD25 on resting CD4 regulatory T cell —71.37%
DM LUAD CD45 on CD33+ HLA DR+ CD14dim -9.01%
4. Wig

DM 5 LC Z [AIffRERE ) HE 2 . —Lehff Fo W52 2], DM B LC MR m TR AR5, 5
—7J7T, DM WA HEVE N LC ) —Fh &I R 45 & AF HI[5] [19]. A THEI DM 5 LC Z AFE R X R, &
ATHEAT T IR MR 2381 FRATHIRFFE K, DM 5 LC. LUAD M SCLC Z [HfFER R K & . DM
SFEWAINT LUAD Al SCLC KA X, {H15 SCLC XN x. MAM S, DM M &4 LC AKX
3. AR4E &I MR 455, A5 SCLC & 1n i DM XK . BEAEMRE R R M, ARITAE DM 5
JERE R I IR RN R AR . Bldn, Pl eI R -1y FHYE DM e A AR 3538, i bt JO-1
PUAAR B M 5 g XU S 25 BRI O[5 BbAh, i R B DM 38 LC R AE KRt B3 T, TR
P it 98 ) W] B AR Rl 2 [20] . #E— 506 239 4% DM B3 IR BIE 20 #r b, o b fa] R 11y BRI AT
MDAS FiiEFH A NS DM B IE R IEA S [21]. 3B ANBF A FEHUR T AL DM 5l 1 ¢
RABTIRNT f# DM 35305 LC i B AE B .

5 I% RE/E DM I LC R B AE B R AR 5 EBE . N TIRARIERGE BT T DM X} LC
DR, FRATRA T WP MR Jiik. B9k, AT XA MR 77740 BlifiE 75 LC R H A Fpil Y
IR RPN . BEJE, BATHT T DM 5iX 112 F b 2 4 M 26 70 2 Ta] (g R SR 56 R o AT Fe 4%
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R, M

RAZH, 1gD—-CD38+ B 4iffl. #(ic 2 CD8+ T 4if 5 CD8+ T 4 H /b &#E CD4 W15 1% T 4y
k%) CD25 £iA&7K-F. IgD— CD38+ B 4Hfid () 4axf i+ 4. 2 NidiZ CD8+ T 4HMiufE T 4ufurh B 5 1) 'H 7t
PL K CD33+ HLA DR+ CD14 {X& A4 ) CD45 F£ik/KF, #57E DM 5 SCLC/LUAD < Bk 4%
RIENFIEH . LI AH, %% RERELEFE PN NE DM IR E, MR, T RIFX
— AL BATEAT 7R IFIXADFEA MR 2047, 455578, DM S5iX FoMp e 4 i 2 Y 2 ) AN AFALE I 1)
B K & o

i1z CD8+ T 4if s CD8+ T A E 4 b

CD8+ T #fiffa 2 —Fhdufuszt: T WhEgui, HAPUMRE. %S EZEIRe[22]. i/~ Eidiz
CD8+ T #tiffl, CD8+ T 4t/ /e i Mo A0 v R 45 OGS A FH [23]« idRd v CD8+ T 4t i Fry vy 85 5 V2 i il s
IR TS R [24] I T e G 5 7 V2 et OEL O 88 (1 3 B2 1k S e KT, 520 CD8+ T 4 i )i A
Dide, AT Mt o I TS [25] FER UL v, T AMRThRe s, £ I/ o] [ A UL P F5E Ay e i 3]
CD8+ T 40, HEA FHENILIZ CD8+ T 4HM[26]. iXLLamf#1k T Wk E 40 i ] B 2o 5 LA 4 2
ARG . 1017 CD8+ T iU vl 43 NS0 1Z CD8+ T 4 fuFl X iciZ CD8+ T 4H[27]. —LeHff 5 &,
FEMRE 2 ErpaT R B R A2 T AARSE T 40RO 3, XMy 38 T B8 B T i £ X ey 7%
FEAE RAF RN[28] FATHIRFFLEE R, B AT S BN ICAZ CD8+ T 4iiffifE CD8+ T 4HMEl T 41l i
LG, teAh, RN IENZ CD8+ T A LAl i 3 N2 B SCLC A0 KUK« X T RER B, W
1012 CD8+ T 4 i £ /N2 i itz Py 9o 40 S 38 M A R R AR L, T 400 /N A R It R R e« FRATTBE
KB, BNACIZ CD8+ T 4 bl il in 2 {2 ik LUAD k4. i, HRFFERBL, idiZ CD8+ T 4
JELFRI 386 0 5 FRODR 7L SRR 6 52 R A 5R [29] - I B W T B, LI LC R A P mT AR 3R i 12 CD8+
T 4R, I H5 ML IGERE M A OC B VEgE i 048 356 0%, HF H TR S G R AFAHOC[30]. BRIk, &
MM G, XA AR e WA R R DL B G B AR AS R e A A DG o X S g mT B i i 2 PR AR T T A
1 (PD-L1)%Z2 kKL%, WML T RN A01Z CD8+ T AU iz WAl . Bbah, XeMidiZ CD8+ T 44y
AT BE AR 58 R 7 0] B 2 T BUMRI OA B3 h 1 1 A AR AR, HE R HEIR I R A . BRI A R —
I, SR, AARNCIZ CD8+ T 4 A A5l 3 i 2= Ik SCLC B AW AR, AT+ LUAD [k
AR, FRATTHEN SCLC JE B k8 1c 42 CD8+ T 4HMiliZiiE, LUAD WIAHR[31], XA REd/NaT# A fk
R TR, TS R AT R, N IR T IR N AT BRAFIE 2 . 2 T AR KL A B T
B RI2IT 77 R+

B CD4 ¥ T 40l | CD25 MIRIEKF

CD25 & B A WgeiG i I i/ -2 (IL-2)11) o 8, 7ERTTPE T 400(Treg 4f0)Hh mRIA, (e &
BT AR IE . CD25 /KT3I AT ISz 4% 1L-2 (55 A1 73[32], HE it Treg 4 AR ) S st 2,
R IR P PR B G2 P A 52 [33] o AE IR R AT (9 1L R A 82 B CD25 (1 K TR0k, (B AE SRS
LA [ [34]. Rk, BRI 7SN, Treg IR F 22 2 sefkf o, Jf H CD25 n] gEi@E L 7E
Treg JiAE R RIAES 5 IR I G 8 3%[35]. Treg ML AT /3 ANE IR S A E SRS . — LR R M,
TR Treg 4 A -5 e 0k 20 Ao Jes 1) AR BOAROG, T 2L 00 Treg 2 a5 8 1) 43 A JE DG [36] . ARETRAT
MR FE 5 9, DM B#E RN FRE CD4 TP T 4l b CD25 fI3RIE /KT Lif, X Fh LK T SCLC Al
LUAD KA AR, #504%7H 7 DM X} LC IR REVEH . FRATHEN, 153k CD25 kS Treg 4l A fe
T IR T IE S B RE Treg 4 Sk LI e b oIR2S o R S 4t il J7 5K 23 LUAD il LCSC 3%
o Treg 40ML AR ShREBE, K B T BAT T M 16 & ML

IgD- CD38+ B 4 £ %f 1%k

CD38 & —#i B 4 K miAr S M AN /Mg, 76 B 40l R & MR BUk T 1aRIE, JFHAE B 41/
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(AT AE 3G 5 LA K% [r) 2% 20 B PR o3 A ik R v R 496 B AR R [37]0 A — T SR G Jig IR M e — A% 1 R (NAD+) 73
fER ARG, CD38 7EAAR A 1) NAD+R At 5 B 2 4E FH[38]. fEARIEES, CD38 [MRIAKT 2
A AR . FE—LE iR, i A AT 21 e B, CD38 MIRIARFAK, AN NAD+/AKF T+, iR
Y A7V BE Sy 1G5 1 7E HoAth— S8R, CD38 i I 2 S EAI RN NAD+/KTF R R, 4ifiusEkK
S EAME] L [F 4R T AR R G N [39] . FATHIWF ST R I, 1gD— CD38+ B 444t v H g hn 2>
P2 LUAD F SCLC KA, IEMAS T DM Xt LC gEm . AIGKP 7T E 2, CD38 5 SCLC
RN bR A (L R Rk B AH G [40] . BhAh, B W5 R CD38 ni@ i #ilii] CD8+ T 4l e it g
4 o ) S g% 18 [41] o BRI, FRATIHEWT CD38 W fitied it ik Bl vy 440 e ik it 2t A0k i 18 LUAD #1 SCLC
(IR . BEAh, 1gD— CD38+ B 4H M £ % T4 38 i v B 2 R 18 M 28 R R 72 B DA B iR B b 355 PR T B B8
ek, AT 2 Fr e 1) K FE [42] -

CD33+ HLA DR+ CD14 F5PH ¥4 I CD45 KRk /KF

CDA45 & —Fh 32 AFE R AR R IR IR G , (ESB IR 5 S it S E R, BN 1A e =Rk
AL, AT 52 0 40 6 A0 S SISO SNz o A A ST W, CDAS W& I AR P e 5 2 Fh B S S e VE i A
Ko HHTHIBEFT RN, T S R B R A 1E 47 1 1 2 [R] FR P 2 YA T B Bl T B 5 S S PR (1) K J8 , Tl CD45
FEH G AR [43]. CD33 J&—M7E 2 Pl il th A s bt e, SRt 5 9% 2556
FS%. 4HXF CD33 (5 v FEFT IR AL 4 S R ) CD33 HilR, it HAR AR 4 A 5 A 40 e 25 A
FH(ADCC)- FMA AR 56 1 240 i 2514 4 (CDC) B B 42 175 5 8 &4 it 0 T S L 3% 19 e Jeg 4 [44] - HLA-DR,
BP ARl DR SR, FERETHUR RIGBAIMRT, 7Rz g SER . MK
B, AR /NG s (NSCLC) 535 K Y AE4E CD14+ HLA DR+ IA B BEVE V4 40, 3 Lo 4 i A5 b 8g
(1) G B4 [45] - CD14 F= BEAEAE T PR 240 i A0 15 Wk 4 e 55 200l 3R 1, 7 T 285 5 B (mC D 14) A A] ¥ 4 (sC D 14)
PR ERZE RS T, CD14 EREEIERH . BRENE I 454 4 B i 2 B (LPS) 2 IR (AR AH 2 27
B(PAMPs), 15 Toll #5244 4 (TLRA)SEWEEH, BaleENEE SH S, R R IR 7 IR
NI 22 5 RT3 JEAR 1 57 480 SR [46] . [RIE, CD14 FIAK 214 7 g 3 W 4 s RGEAEAE 2L -

AT T R 0], CD33+ HLA DR+ CD14 S5FH 41l | CD45 Kik/K-F-fF = ml 34 n SLC 1)k
Jpg RS, B#AIR LUAD PR AU . AT, CDA45 ik /K- P72 4k 7E LUAD 1 SCLC {7 CD33+
HLA DR+ CD14 55 B0 {4244 ff () h R a1 AN [F] 7 [ ik Ak, £ LUAD HaRI N S I LD geds g, 78 SLCC
WIAT B RIS AR R A IS8 8, - 2 A KR T--B (TGF-B). EI4iMIAr22-10 (IL-10)5540H) T
Y. E ARG AN (NK 20 ) 25 200 G 92 T 1 ¥ 1 R AN B TR -, R e g o 7 A ol 5

AW FAAFAE — G Fr ek A L 2 Ak e © BTSSR I IE P A 2 o ASHIT 7T (0 B8 45 58 R T
XAT e P ES AR X N B AE R 5 M 22 5, E I sEma 250 ISP E . @ Guil i i ae JR PR 1
MR A Fidk T =AM AR B . FRATT R 2 P 7 vk G K PRI 28 B 22 2000, (RUAT) W] REAAAE AR 15U ()
LA AR IR I 3R, B %A il o At R g A g AR & . @ AW T 2 T 2 2
AT 7E (GWAS) K dE , ML HZ T 7l DM 5 LC 2 [A] (53 LA K G 28 41 M iy i A1 T o A7 75 220 IR
AR RAE LA GE S . AT T A e DM 5 LC Silrh AR . K1, Serlimr &, 78
ANRILA RS S A HAR BV I B LA B oy, I I RO R A 22 57, HARATTM TS AR A A B AN [F)[47]
R, A BRI VLA R 57 M S PUAR(MSAVR I 45 Tt B AT 0 2 0 #T

5. &

AR U FAERBENLA AT, S T EELEEPRAT TE S m SR A AR AT . FRATTRATA 1 R LR 2480
B/ 240 T e R0 i e P IS, 7 A B2 ER 4 e 2 10 A8 B LR P RS, 3K DAy s R T 1 s A 3t 1
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DIt . BATEE P MriiE 7R R . Hoh, A =R RS T A, XK
T 2005 VLA T 3 S e S S s DA 5 . BRATIA,  BEZ ik — D ik 70 B VL2 R G B4 B PR
AR AE /N B i e A I R R S AR

{CEE S ER
BT AW BB R T A AR AT R b, TR AT A 48 B A HLR AR -
L
FlgxhzE
AHIF FEAATFAEAT AT 1] A0 D9 7 7R 28 e 5% ) e Lk 0 555K 2R
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