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Abstract: Objective To explore the genetic causal relationship between lung adenocarcinoma (LUAD) and major depressive disorder
(MDD) through Mendelian randomization (MR) analysis, based on the theory of “all ¢i stagnation and depression related to lung ”,
and predict potential traditional Chinese medicines for the intervention of lung adenocarcinoma-related depression (LAD). Methods
Genome-wide association studies (GWAS) datasets for LUAD and MDD were obtained from the IEU OpenGWAS database. MR
analysis and robustness assessment were primarily conducted using the TwoSampleMR package in R software. Instrumental variable
nearby genes (IVNGs) were predicted using the Ensembl database. Functional enrichment analysis was performed based on IVNGs,
and the CTD and ITCM databases were used to predict relevant chemical components and potential traditional Chinese medicine
(TCM) interventions. The Classical and Modern Medical Cases Cloud Platform (V2.3.9) was used for statistical analysis of TCM,
focusing on the therapeutic principles and prescriptions. Results MR analysis using inverse variance weighted (IVW) method (f =
0.002 05, P =0.018 99) suggested a weak positive causal effect between LUAD and MDD. Robustness analysis showed no significant
heterogeneity or horizontal pleiotropy, confirming the reliability of the results. Enrichment analysis revealed a significant association
with the cholinergic synaptic signaling pathway. Clustering analysis categorized the top 30 most frequent TCM into five main groups.
The four gi (temperature properties) of all potential TCM interventions were predominantly warm, followed by neutral and cold; The
five flavors were primarily sweet, with bitter and pungent flavors following. The meridians were mainly attributed to the liver, followed
by the lung, spleen, stomach, kidney, and heart. The primary therapeutic effects focused on clearing heat and detoxifying, cooling blood
and stopping bleeding, detoxifying, and clearing heat and dampness. Classical prescriptions corresponding to the top 15 frequent TCM
included Mahuang (Ephedrae Herba), Zhizi (Gardeniae Fructus), Yiyiren (Coicis Semen), Pugongying (Taraxaci Herba), and
Roucongrong (Cistanches Herba), with similar classical prescriptions being Mahuang-based formulas, Huaihua Powder (F21£#%),
Huanglian Jiedu Decoction (33%A#5:7%), Weijing Decoction (3 2£7%), Wuwei Xiaodu Drink (¥R E£1X), Jichuan Decoction (5t
JIIHI), Huagan Decoction (fLATHI), and Sangxing Decoction (757%). Conclusion Based on the theory “all gi stagnation and
depression related to lung ”, a weak positive genetic causal effect between LUAD and MDD was found. LUAD may promote the
development of MDD by influencing neural signaling transmission and regulatory mechanisms, particularly through the cholinergic
pathway. Additionally, combining the “Target-Status” medical theory and the predicted TCM results, this study explored potential TCM
treatments for LAD, aiming to provide references for the TCM treatment of LAD patients to improve the overall therapeutic outcomes
and mental health of LUAD patients.

Key words: lung adenocarcinoma-related depression; Mendelian randomization; prediction of traditional Chinese medicine; target-status;
Mahuang-based formulas; Huaihua Powder; Huanglian Jiedu Decoction; Weijing Decoction; Wuwei Xiaodu Drink; Jichuan Decoction;
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Table 1 Information of instrumental variable
SNP EA OA B SE P
rs12710728 G A 0.175 392 0.031993 9.73X10°¢
rs2736100 A Cc —0.219 360 0.021 892 5.13X10°1
rs189897858 C A 1.110 310 0.601 889 9.90X10°¢
rs2023689 C T —0.134 600 0.033 444 7.88X10°¢
rs76213657 T C 0.444 883 0.137 694 4.47X10°¢
rs4592420 C T 0.170 415 0.026 772 2.04X107
rs35953480 A G 0.403 263 0.117 509 2.28X10°¢
rs56077333 A C 0.308 928 0.040 166 2.91X10%
rs2542282 C T 0.127 506 0.024 493 8.44X10°¢
rs77151940 A C 0.723 977 0.272 712 2.27X10°°
rs112859256 Cc T 0.314 520 0.090 016 7.93X10°¢
rs73221729 G A —0.208 040 0.034 294 2.39X10°°

SNP-SIZH IR Z &1k EA-RUMEAHER: OA-HABSAIEEA; B-2URiAH: SE-brifiRZE.
SNP-single nucleotide polymorphism; EA-effect allele; OA-other allele; B-effect size; SE-standard error.
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Fig. 2 Causal effect estimates of LUAD and MDD occurrence using different MR methods

Fx2 DERENIESFER
Table 2 Analyses rsults of Mendelian rndomization
Jiik SNPs B SE P
MR Egger 12 0.00233 0.00195  0.26045
AU A £ 12 0.00094 0.00119 0.42978
IVW 12 0.00205 0.00087  0.018 99"
i BB 12 0.00017 0.00181  0.926 06
AU EL 12 0.00074 0.00133  0.58903
*P<<0.05.
~ 0.004
= g
Z8 0002 i
27 0000 T
& 35
5%
< -0.002
0.5
z3 BRRMEERKRLE
Table 3 Heterogeneity test results
GRS Q I P
MR Egger 14.12 10 0.167 60
IVW 14.16 11 0.224 46
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MG 12 A~ SNP Bk gL i e 51 567 5,
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TR ER R 5 fi 388 R e 42 368 O 38 B () AR )
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JE e a T S AN B s I i ia B v M T
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Fig.5 Enrichment analysis results and schematic diagram of cholinergic signaling pathway

F4 HAEROKEETFHRHY

Table 4 Top 30 potential intervention traditional Chinese medicines

] PR iR 1% 2 PR IR I% 2y BR B 1%
Wit 9 17.65 JR 3 5 9.80 i fie 4 7.84
Lo 7 13.73 5 ¥ig 5 9.80 EFHE 4 7.84
e 6 11.76 EU 5 9.80 AR 4 7.84
e 6 11.76 K 4 7.84 Frig 4 7.84
RS 6 11.76 S lEEy 4 7.84 ES 4 7.84
W7 6 11.76 KE] 4 7.84 b 4 7.84
U2 e 5 9.80 iR=diy 4 7.84 3% 4 7.84
A AR 5 9.80 TS 4 7.84 £ fit 3 5.88
PN 5 9.80 X R 4 7.84 A& 3 5.88
B 5 9.80 Kig 4 7.84 JIE 3 5.88
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Fig. 6 Cluster analysis results of traditional Chinese medicines
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A-radar chart of distribution of four ¢i of traditional Chinese medicines; B-radar chart of distribution of five flavors of traditional Chinese medicines; C-

radar chart of distribution of meridians of traditional Chinese medicines; D-pie chart of efficacy distribution of traditional Chinese medicines; E-“IVNG-

component-traditional Chinese medicine” mapping network diagram (orange rhombus represents IVNGs, purple arrows represent components, and blue

rectangles represent traditional Chinese medicines).
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Fig. 7 Statistical analysis results of traditional Chinese medicines and mapping network diagram of “IVNG-component-

traditional Chinese medicine”
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Table S Recognition results of similar classic formulas
AR 71 2 Rk T3 7R FHABAEE /%
REACESH S RE. wA . BU. B (B Eng) 1111
JR S 4 I 5 BRE . BT, g (%) 5.88
CRRF M 1)
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FED EE N 1OUSIIS N Y GrammE) 31 (H4 5.56
T
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BEIHL . . AKEE. PEIE. TR, BT (RIEAT) 5.00
AL HH BREC B3 B HBF. RIS, W ULEE (RIEAT) 4.76
1 FL EH O S WEE, REEL BT R ClRP 2 HE) 476
BV EAL WAL BRET. HIH. JRITTRE. SCHE. REL R CREBEIT) 476
H G BREE. BEbL. RHBE. Wl A, ER RE (izei) 476
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NE R BRI AAT. g, T BB B Ak, RE (%) 4.35
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A R 4 D TR TS 7 PP 25 2K

Bolded fonts represent predicted potential ingredients of traditional Chinese medicines.
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Fig. 8 “Target status-target evidence-target method-target drug-target” network constructed based on “status-target”

medical theory

ASHIT FUIE R A A P 2 AT R A, AT
RECRR 250 5 950 5 1 R g AR, &
MALHE, LASHEH THPVR . BRI, fE<iEe,
TEEIL; 5 2 R Zgmrshas AH R BOEIER. &
filiid g, AEesKHA. AR, ALCEESML,
ARSI 55 3 P g bt <. SRR AR
15, WUURME. FERPRIIE . I L RE LLAA AR, T
PR Bl REE, AIEERY: LB,
MENIANZ ", 5 4 SRRZRIANEBIFH, Bl R

A, UM, HE. B EL, AR, W
A, WA, 5 5 R AANABIRH . ZEKE
FRIUL AR, B AEE HESER AR
B, fERFERRE, LRI,
WHegiitai R iR, F 25 2 PO BHRPE N
&, P gERZ, UIJTIRE, JREE—BENE T LAD
FERRIRZ B AL H A TIRAHIRON T, w5 ¥
Ry (BRSPS SE R RAEEE —) = “R
2w, ANAIER, BRI, s HWRZ 25if2 ” B,



* 2896

FED 2025F4 7 $56% H 8B Chinese Traditional and Herbal Drugs 2025 April Vol. 56 No. 8

HOREA BN A S22, RIAT Kb 2 AL,
NA] “He R AN, BEm A
M, Pz BAmse 2, WEARH AT, B8 s. tit,
“REMIANLEE”, R Z R G, OJEK, JOEAR
25 AR 2R ZGY), ALK, BUAE
AIFR A E . FR, SRS KA, LA
KL RE M RGO TR o SEBRAEREEST, DL RIS
IRHORHR . WAL AT SR, Z9IHZ LT N
F, ke, AeAE. B BRI, LAD RN,
JTFs AT RABAE, 2R iz, AR E
BPT, ERRR

FERT 15 WRedib gy b, 544 MR R+
VIF R i BT A TERIPIAR . Rk A
AT RAT AR ET AR, 8 L7 7R R e
D AR T RS A H B MRRERSE, X
LAD i AE. A LA ZH0E. i1
FIVE K BRI ISR B, ART5H BOE R
T WHRL 2857, BAEHEE, AT TR0,
IR K TN B LUK i ARSI AN I L il <
AR PHIEREE « B A HRk AR (s
MRATHR “BiONIIR 2 37, HARREARAAE, Wiz
ERGNFERN  FERRA S H T, TSR, A
AZAR AL, AR R EE 2 2, W TR
WZiZ LAD [RGTT - FES A ARSI AR, A%
VAR, RIVRT FAR R, SCRTHCES T I, SO AT Z 4
TR BEEIA MR R T AR Z . S Bk 24
RIT7 74 TR TS . W EEBALESRE, B
AR LUAD Ry fe, BEFAR. &
7~ AT BLIRNA YT AR EIR YT S5, S AlE s R
B 1B BADY— SRR ARAS, B H A S
FH. PHHE B AT RIURIE IR VIG5 . Hifpd
BN PN B B LR IR, 2 i BRI, 1
P A SCRT B R 2 RERAHR A =R B
AT EFHRESS . AL Z LAD. ImpR_ BN
MR B BARTS DURIE RO, % L2 7 75
HEHESE

SR, RYE R 25 AT Ry S A A Ty
ARTEA, HEBARE, HN T2 575 204
ST E MM EERRRE I A, HS5IRKE
LAD [ H DL 25 AR RORZE R . IX— BB MEAS TR
WIC, FHER, WRSUTIUTmAE K. OHY)
SRFANN IR ACZE 5 DA 2457 TE v i K 1) 24
PORIESE N 2, AMUBIELG M, IETTREY

T — 83 e B ESHT B B 25 FIAEY s 04
T 48 #4477 T TR e 1) ST 3, 25k #2
FME . BEIR L R EERR ], ST BE i &
DU TIUI H 1 28 18 28 3142 J7 T8 1 39 9 A 15 2]
FERAFIH . B, — i m= 1 E A s & 12
FRIRIAE e TR, IBEIRS, XUEER ATy
HRAFIER . QB TEFNE SR AR5
(1T Hp 25 0 £ B ek i AR 15 B2 HR, A
(AP EIIE Sl JE e &R T IWi IR AR TIE
WEEME R, ET MK AEFPLE S R
RAIRIEIT LAD (38 7715 LA SR o 25 IV AR Th Ak
1M 2 34 75 5 B 3 T h R AL e H R R R 450
SAGETTR, T R A R E () 2 R . X
FlRIE 5 7 5 NN B8 5 1) 22 S T REAE — e R b
T T 25 J 5 4 g4 7 1) 25 W A R AR R A
SR L. OBIRNIELRN: BEERAR
RIE, NERAERRE. AR kA
TERAR . BUAEIE A A S5 H AR BT A
A, PAER 2537 T R A 2R, S
275 BRI A WREE, 1 B H 24 TR B %
OS2 T A ) BT AN 2 DA SR YT 752K
XWATRE R H EEREAENREZ —,

P B 2 EL S IEAE, BRI 25t
FAE AP EGEAH IR SLEAN, FEtHA
J&. AWM, BIE €05l
HIVE N SR, (HAN IR & R AR B 148
My E HIZH . IGAR TAEE 7Eis F i fe v B o
EHHERIE RN ARG RS 200, A BRI
R I . FIESE, BRI ERARIT R
Ve 22 AR R .

4 HLitERE

KA T LUAD 5 MDD 2 [8] st % R A
B B FAEAE BB ALE . I MR A kB
LUAD #] g i — & IsAE ML 2408 in MDD #
R, SCRFT 3 AR AR TR AL B . Wi Fiadk
— 7R T LUAD A REilit o215 54558 . IR GE
GBS 2 EALHIZ W MDD BIK
Ao BbAh, BEFUEET CASHRY [ AEERVS R TIN v
T2, 547 7697 LAD HIhEREE T2, N
I R A s 24 YR 97 SR At TR ) S B A

JREEAR, AT Ik R ) T8 45 B R 2B 4
SIS — B IIE LUAD 5 MDD |A](#) R B %
R, AR WEZ BAEHR T thsbh, 25



FED 2025F4 7 $56% H 8B Chinese Traditional and Herbal Drugs 2025 April Vol. 56 No. 8 - 2897 -

ERZERIRAELR ST, TR N IR IT R
W, R ol o R T TRk B VR T PR 4l
J5 L Tt — AR R TN AL . AW F I 3 ) v 24
ARRMIQUHE, KRR T A8 L IHIE LR AT 7T AN
I RIS IOAE TR A5 2R, AHE— 2D AR S i U R v
FET-F P 2545 LAD 877 T A AT A7 1

R BAFR PTANEH ARG LEA TR

SE R

[1] Bray F, Laversanne M, Sung H, et al. Global cancer
statistics 2022: GLOBOCAN estimates of incidence and
mortality worldwide for 36 cancers in 185 countries [J].
CA Cancer J Clin, 2024, 74(3): 229-263.

[2] Zeilinger E L, Oppenauer C, Knefel M, et al. Prevalence
of anxiety and depression in people with different types of
cancer or haematologic malignancies: A cross-sectional
study [J]. Epidemiol Psychiatr Sci, 2022, 31: ¢74.

[3] ShiJJ, Wen W Q, Long J R, ef al. Genetic correlation and
causal associations between psychiatric disorders and lung
cancer risk [J]. J Affect Disord, 2024, 356: 647-656.

[4] Lee M J, Huang C W, Lee C P, et al. Investigation of
anxiety and depressive disorders and psychiatric
medication use before and after cancer diagnosis [J].
Psychooncology, 2021, 30(6): 919-927.

[6] A/, (IFIED, BOARAE. b “HER” BRI R
RS [7]. PEEZE, 2015, 56(17): 1441-1444.

[6] Doénertas H M, Fabian D K, Valenzuela M F, et al.
Common genetic associations between age-related
diseases [J]. Nat Aging, 2021, 1(4): 400-412.

[7] Lawlor D A, Harbord R M, Sterne J A C, et al. Mendelian
randomization: Using genes as instruments for making
causal inferences in epidemiology [J]. Stat Med, 2008,
27(8): 1133-1163.

[8] Purcell S, Neale B, Todd-Brown K, et al. PLINK: A tool
set for whole-genome association and population-based
linkage analyses [J]. Am J Hum Genet, 2007, 81(3): 559-
575.

[9] Consortium W T C C. Genome-wide association study of
14, 000 cases of seven common diseases and 3, 000 shared
controls [J]. Nature, 2007, 447(7145): 661-678.

[10] Khera AV, Chaffin M, Aragam K G, et al. Genome-wide
polygenic scores for common diseases identify individuals
with risk equivalent to monogenic mutations [J]. Nat
Genet, 2018, 50(9): 1219-1224.

[11] Yu G C, Wang L G, Han Y'Y, et al. clusterProfiler: An R
package for comparing biological themes among gene
clusters [J]. OMICS, 2012, 16(5): 284-287.

[12] Tian S S, Zhang J B, Yuan S L, et al. Exploring
pharmacological active ingredients of traditional Chinese
medicine by pharmacotranscriptomic map in ITCM [J].
Brief Bioinform, 2023, 24(2): bbad027.

[13] ¥V, Eigk, AUR. 200 IR ARG %
[]. AR EHEAR—PEAIMAL, 2018, 20(2): 163-
168.

[14] BiaEyh, skEHAE, W 2l s i = R
PERIBETERERE [J]. TEZY, 2024, 55(24): 8580-8588.

[18]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

WIEH, TR, T5F, & P22yl feifik.
Mo AT 8 e e P A AR T [0]. HRRLZG, 2016, 47(17):
2965-2971.
g, HWAL M) RN R @R HOR H AR,
2018: 133.
Shao J X, Wang B, Yao Y N, et al. Autonomic nervous
infiltration positively correlates with pathological risk
grading and poor prognosis in patients with lung
adenocarcinoma [J]. Thorac Cancer, 2016, 7(5): 588-598.
Cutler A J, Mattingly G W, Maletic V. Understanding the
mechanism of action and clinical effects of neuroactive
steroids and GABAergic compounds in major depressive
disorder [J]. Transl Psychiatry, 2023, 13(1): 228.
Cui LL, Li S, Wang S M, et al. Major depressive disorder:
Hypothesis, mechanism, prevention and treatment [J].
Signal Transduct Target Ther, 2024, 9(1): 30.
Pehrson A L, Sanchez C. Altered y-aminobutyric acid
neurotransmission in major depressive disorder: A critical
review of the supporting evidence and the influence of
serotonergic antidepressants [J]. Drug Des Devel Ther,
2015, 9: 603-624.
McCarty M F, O’Keefe J H, DiNicolantonio J J. Carvedilol
and Spirulina may provide important health protection to
smokers and other nicotine addicts: A call for pertinent
research [J]. Mo Med, 2015, 112(1): 72-75.
Knott V, Thompson A, Shah D, et al. Neural expression of
nicotine’s antidepressant properties during tryptophan
depletion: An EEG study in healthy volunteers at risk for
depression [J]. Biol Psychol, 2012, 91(2): 190-200.
Ranjit A, Latvala A, Kinnunen T H, et al. Depressive
symptoms predict smoking cessation in a 20-year
longitudinal study of adult twins [J]. Addict Behav, 2020,
108: 106427.
Janes A C, Zegel M, Ohashi K, et al. Nicotine normalizes
cortico-striatal connectivity in non-smoking individuals
with major depressive disorder [J]. Neuropsycho-
pharmacology, 2018, 43(12): 2445-2451.
Wang P Z, Abdin E, Asharani P V, et al. Nicotine
dependence in patients with major depressive disorder and
psychotic disorders and its relationship with quality of life
[J]. Int J Environ Res Public Health, 2021, 18(24): 13035.
Phillips C. Brain-derived neurotrophic factor, depression,
and physical activity: Making the neuroplastic connection
[J]. Neural Plast,2017,2017: 7260130.
Fan T, Hu Y, Xin J C, et al. Analyzing the genes and
pathways related to major depressive disorder via a
systems biology approach [J]. Brain Behav, 2020, 10(2):
¢01502.
Dulawa S C, Janowsky D S. Cholinergic regulation of
mood: From basic and clinical studies to emerging
therapeutics [J]. Mol Psychiatry, 2019, 24(5): 694-709.
Fries G R, Saldana V A, Finnstein J, et al. Molecular
pathways of major depressive disorder converge on the
synapse [J]. Mol Psychiatry, 2023, 28(1): 284-297.
HEMREEEL G2 RO KPS (M]. b5t
o FE R 24 H AL, 2017: 117
DOk sk, B EARIEE. TKkTER, FREEE. &
BEEng [M]. Jbat: A E AP B2 AR, 2022: 1.
[Fricsmid  HAE]



