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g 1] FLAR (R

AFMID arylformamidase (75 R JR &R H B A& 6D

ATC anaplastic thyroid carcinoma C HUIR i R 016 )

AUC area under curve (i RTHIA)

CsC cancer stem cell (83 T-4HAE)

CTL cytotoxic T lymphocyte (a1 T 400D

CUT&Tag cleavage under targets and tagmentation CH [m] ) EFIFRIC SRS
DDScore dedifferentiation degree score (/M LFEETES))

DTC differentiated thyroid carcinoma (43b7 FIR i)
EMT epithelial-mesenchymal transition ( 5 7] i 4%,

FTC follicular thyroid carcinoma C HUIR iR IEIEIRE )

GSEA gene set enrichment analysis (&[R4 & &0 47)

HR hazard ratio (XU HEZD

ICB immune checkpoint blockade (526 2% r BT

IDO1 indoleamine 2,3-dioxygenase 1 (M| Wgfi 2,3- XU 1)
KIRC kidney renal clear cell carcinoma ('3 B4 &)

KIRP kidney renal papillary cell carcinoma (&3 J< R 40 i)
KYAT1 kynurenine aminotransferase 1 (R JRAREILH B 1D
Kyn kynurenine (RJRZAMR)

KYNA kynurenic acid (R JR I IBEEZ )

LGG lower grade glioma (&% 25 5l Jse 5980 )

LOOCV leave-one-out cross-validation (4 —A%8 XA

LUAD lung adenocarcinoma (i i )

LUSC lung squamous cell carcinoma iR 21 figJes D
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MDSC myeloid-derived suppressor cell s 124 081 41 i)
MTC medullary thyroid carcinoma ( FUIR ARBERESE)
OXPHOS oxidative phosphorylation CEALBERRIL)
PCA principal component analysis (3520 #1)
PDTC poorly differentiated thyroid carcinoma  ( F{R A% 20438
PPP pentose phosphate pathway (& R IRFE)
PRAD prostate adenocarcinoma i 41 if i)
PTC papillary thyroid carcinoma ( FFUIR AR KR gD
RF random forest (BEALARFR
RNA-seq RNA sequencing (¥ 20 F)
RT-GPCR ;v%ss ésr)\scription-quantitative real-time PCR (idif% 5652 %8
shRNA short hairpin RNA (4% % RNA)
SLC1A5 solute carrier family 1 member 5 (& i & 4A 5 i 1 kA 5)
SLC7A5 solute carrier family 7 member 5 G JREARF R 7 Bt 5)
SNP single nucleotide polymorphism (BAZ R 2 A0
SSGSEA single sample gene set enrichment analysis (P A 3 (K 45 5 424>
UID)
superPC supervised principal components (f5 57 32 4
SKCM skin cutaneous melanoma (7 ik 2 €4 208
TAM tumor-associated macrophage (/R AH < B 1 410 D
TC thyroid carcinoma (IR e )
TCA tricarboxylic acid cycle ( =& ER1EIF)
TCGA The Cancer Genome Atlas (e JiE & [K 41 1D
Teff effector T cell (R T 4fiff)
TF transcription factor (43K
TILs tumor-infiltrating lymphocytes Ci{J8372 i bk E2 41 i)
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TME tumor microenvironment CfJRIRAED)

Treg regulatory T cell G4 T 4000)

Trp tryptophan (A% &)

WGCNA weighted gene co-expression network analysis (fnA & K L 22 1A /]

2 )
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HR5HK:

PR g /2 B LI N 0 WA bR, ELR R R B4 Tt o Bl FROR e A R P 1
BEARG, 950008 1 2 Rtk iy S A R o G o g ELAR 28 M 1) R I o 20
(anaplastic thyroid carcinoma, ATC) FHAFEAELERNN 7%, HETHWILAHZET FE,
PTG i 75 58 BRI SR LR iR 7 ROR I o B A e .. Rt E SRS
PR 25 o At R v 0 B DR A © 4T AR 3 PR PR PR B DI AR 5, 348 T T e )
P& SN FEST ROR, (H T ATC BAREPIRAS S35 20040 1) 56 2 1 R A5 21 78 77 FEDRE
AT B R @I IR R ATC FIACHTREE, B 20 25 1A % AR BOE 1848, 9 ATC
I W AG 7 $2 A R JE A AN 7E 4 R
Tk

12 FH ISR DR S 221 0 2% 43 #4562 FBIL 3R 25 2 BVE R 5 FR R o A0oIR
AT I P S ARYHRFAE BE IR, T T AR5 HE JEE R 2 A HODR s () 25 AU AR o 3l — 2D
F I8 &P 704 LR Compass #R% 5 £ 0 RS UIAR G I REhE 2, Jhad#s
e AR A A AR AR R A 755070, 70 i IE IR ATC 40 BHT-101 H )%
AR AR SRR DR 1 o I (0 2R R < A P 0 2 R e 1 B 1 I 4B AR, A
IR R A IR ATC ZhRE IR,

gZ5R:

(1) B E T AR L3 R K B AT 0 & SVM 5 SuperPC, ittt 5
75 H T VREBR VP FEOIR I8 2 HOIRS 1 £ - (R BEVE 43, it — 2D R LB HOIR I 72
PN 1140 25 Fof R PR A RE AR L R K 25 7 AU R BE VT 49

(2) F3 AR BE AR B0 R R Bt FAT v FEE AV P ) e 2 PR B AN T 4B AR R A, R
R 2 A R R B S AR AR VA 1 I

(3) TR M 5 FOR R 1 25 0 R 2 IEAHDG . BRR R ZRSh, BHT-101

* RICIHTEFE AR 20 o S s A B AR 2% %% 1 T Bt 4 R Bh I H %8B (NO. 2021GCRC073).
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R A E TR, AERAEERETE FE. AERHF 55 BHT-101 1
VL E N R, TR EEN.

(4) TEMEFE AR AR A, MYC 3E MR 5%, H BHT-101 # MYC 5
BRIRFIZE A SLC1AS PLEACHES AFMID J58) T X 45 5108 . milfF MYC 2
SLCIAS. SLC745 F1 AFMID K35 N, Tk = BRI MYC 3 igis, Ri& T
o
Zw5RL:

AT TR F R G I35 2 ST RN IR e () 25 - (L R FE AT AL, HRTEZ A
HARE R IALE T R FE VP R fae e o B — 2D 45 B s a2 L AR A 2 R0 3R W 5
RS2 AR, RIMIFEE T ATC W5 G 0 B BRI H& 7 & 3 R
KT MYC. BRI MYC 5 2R AU 7 1) 1E R, B MYC
VE N PR (R BR S 18 B 1A SLCIAS . SLC7AS MR EE AFMID ik, 2
SO S BR A HHE s AR ERRIS SEMYC . S8 T 7 G iR i v A
it ATC ZHARIGHE IFF5 2 I T o ASHIE ST S A (0 B A 23 A A 2 g I R 6 T AR 1k
(RI2 W T B AR YT SRR SR At 1 BR EAt
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Abstract’

Background and Objective:

Thyroid cancer is the most common endocrine malignancy, with an increasing incidence
in recent years. As the differentiation of thyroid cancer decreases, its complexity and
treatment difficulty increase. Anaplastic thyroid carcinoma (ATC), the most aggressive
thyroid cancer, has a five-year survival rate of only 7%, and lacks effective treatments.
Hence, there is an urgent need to develop new therapeutic strategies to enhance treatment
efficacy and improve patient quality of life. Metabolic reprogramming is closely related to
gene expression, cell differentiation, and the tumor microenvironment during the
dedifferentiation process of tumors, subsequently affecting the immune response and
therapeutic effects. However, the metabolic state of ATC and its relationship with
dedifferentiation have not been fully studied. This study aims to investigate the metabolic
properties of ATC, identify the metabolic pathways associated with oncogenic
dedifferentiation, and provide theoretical foundations and potential targets for the diagnosis
and treatment of ATC.

Methods:

This study utilized weighted gene co-expression network analysis combined with various
machine learning algorithms to identify immune and metabolic feature genes associated
with the differentiation status of thyroid cancer. Further, this study quantified the
dedifferentiation degree of thyroid cancer using these identified genes. Additionally, the flux
balance analysis tool Compass was used to explore metabolic pathways closely associated
with dedifferentiation. The study integrated transcriptomics, metabolomics, and
epigenomics to identify key metabolic pathways and their regulatory factors in the ATC cell
line BHT-101. By employing a cellular model that was deprived of tryptophan and blocked
tryptophan transport proteins, the study investigated the impact of alterations in tryptophan

metabolic pathway activity on the functionality of ATC.

* This work was supported by the Fundamental Research Funds for the Central Universities (NO. 2021GCRC073).
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Results:
1. The optimal model combination of SVM and SuperPC was determined based on immune

and metabolic feature genes. This combination provided accurate assessments of the
dedifferentiation degree scores, which reflect the differentiation status of thyroid cancer.
Further analysis revealed that metastatic samples, including those from thyroid cancer,
exhibited higher dedifferentiation degree scores.

2. Thyroid cancers with lower differentiation displayed highly suppressive immune
microenvironments and stem-cell-like features, with upregulated activities in metabolic
pathways such as glycolysis and the pentose phosphate pathway.

3. Tryptophan metabolic activity positively correlated with the dedifferentiation degree of
thyroid cancer. Excluding kynurenine, the concentration of tryptophan metabolites was
decreased in BHT-101, while the activity of tryptophan metabolic enzymes was increased.
Tryptophan deprivation significantly suppressed proliferation and increased apoptosis rates
in BHT-101.

4. The activity of MY C was significantly upregulated in thyroid cancers with lower degrees
of differentiation. The binding of MYC to the promoters of the tryptophan transporter
SLC1AS and metabolic enzyme AFMID in BHT-101 was increased. Knockdown of MYC
resulted in reduced expression of SLC1AS, SLC7AS and AFMID, while the half-life of
MYC was shortened and its expression was downregulated in the absence of tryptophan.
Conclusion:

The study quantified the dedifferentiation degree of thyroid cancer using the constructed
machine learning model and verified the robustness of the dedifferentiation degree score
across multiple datasets and platforms. Further combining transcriptomics, metabolomics,
and epigenomics, the study found and identified the highly active tryptophan metabolic
pathway and its upstream transcription factor MYC in ATC. The cell model revealed a
positive feedback loop between MYC and tryptophan metabolism, where MYC, as a
transcription factor, regulated the expression of the tryptophan transporter SLCI1AS,
SLC7AS and metabolic enzyme AFMID, thereby affecting tryptophan metabolic activity;
tryptophan deprivation led to MYC downregulation. Targeted intervention in tryptophan
transport effectively inhibited ATC cell proliferation and induced apoptosis. The data and

analysis models provided by this study offer a theoretical foundation for developing
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diagnostic tools and therapeutic strategies based on metabolic characteristics.
Keywords: Machine Learning, Tryptophan, Thyroid Cancer, Dedifferentiation,

Bioinformatics
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HUIR AR (thyroid carcinoma, TC) J&gyf T HUR MR S0 iR, AR5 Ht
BRI ZESR, 4R HURIRAL RIS (papillary thyroid carcinoma, PTC). HUIR
JRUEIIRGE (follicular thyroid carcinoma, FTC). HUIRREEFERE (medullary thyroid
carcinoma, MTC). FURIRMK L) (poorly differentiated thyroid carcinoma, PDTC)
PLA HUIR AR AR 7346 ) Canaplastic thyroid carcinoma, ATC) [N, Hrp, PTC & H W
(1) TC KA, 45T TC 1) 80%, WK HAE REF. FTC 4145 TC (1) 10—
15%, HAR ZB VLA, TR 38 3 B4, PTC A ETC X AEHR 7046 78 FOR RS ( differentiated
thyroid carcinoma, DTC). PDTC ESFAEY 4T AT DTC il ATC Z 1], #)k
FITH TC 1) 2% ATC AR A FOIR IS A2 B A 73 A PR FEODR JI e 4 P A RS PR s
FER BV . ATC LS FT TC 1 1—2%, HHEIETAEH S TC 1 20—
50%, B AAAIIN 6 M H, BN TV B4,

ATC 5 DTC Wi EEEIRAIR . DTC W]l i % v] BE FR AR 45 15 HE47 il 5
HEH1ZP), DTC & Gei & ORI IR BRI R & B TR 8 1 ——HOIR IR BR R
F (thyroglobulin, Tg). DTC JA3l Tg K& M MK 3K S A7 PRI IR IR
(R it R 2 4 A T4 IR R & (thyroid-stimulating hormone, TSH) Kl 4E FHe],
DTC #3& BaIT AFARYIBR v E, LURE BRI & TSH #Mif1aT7, a7
B S AL 90%7 8, FEATIEIE AT I MIE Tg I 3 & A s kAR
SRR SR E S B, ATC iRt R IRk, T T ATC 14 ARZH sl s 26 1,
MRS WNAZIEIR S . RISIEI 12, X TR R AR I bR 1) ATC i3 T
FIFARIIT, R ZHCEFH S SR B, HAE B I8 5] i 7 I A
R RN A B R SRR, FARAERERORD- Bl ATC 35 A 3RIA TSH 2460 Tg &
H, HAKAKE T TSH, HFHEN ATC S35 MRS R Bl Tg /i, 3+ H
ATC B3 5% 7 i AR IR R 6 7 BN, eah, RE T DTC B3 A8 1E H Bk 46
PRI, ATC H8 2 = 06 B A4/ ] 17 08 1 DA S F A PR 5 6 BT (i 2
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SEUBUR AT TR,

BARFAR . U7 ALY FIBEGRYT FTREXT R 4> ATC B TS P AR AR,
(EIZ SR R e Ml i v AR AR AR B, OB SIaR AR RIS 170, Ak, i
SYAEDUMIR G YT 7 S 14 AR H B RCR . X T84y &334 PD-L1 ) ATC #£3,
A BEA PD-1/PD-L1 55 0 S 8 v6 97 sk a8l T AE — T0UETxof Ja) SR S0/ el ¥
P ATC B MG RIS 0, 42 ] ATC BEE52 79 PD-1 HgEHUIARIRIT
AT ATC 38 1B AR R 2N 19%, (HEF T AL ok e AR A7 AN S A A2 AN
1.7 ANAM 5.9 A, REBZEIT ATC BT 8CHER . 59— Tk X ATC B 5
ITECA BT Wi, 3 2 BE ERIT IG5 6 S H NAET:, Ho 1 BIBE T
¥, 2 BIFETIOT M AOERY . Bk, £ ATC BIVRIT SRS B FAT A —
AR ELZ RG], RRIEBERT LA RS, LSRR 0697 77 .

12 EHHdiRSMENFRENEEER

O 2RI, I RE 1513 0] DU OR 2 R BE m i) DTC 254046 9%
Bk RSy ATCRI2, g 40 i 1) 7 AR A 088 5 AR 28 PR3 SR i 245 1 7 A
[7] B 3X hAR , 5 ) Bl () P 452 D) AF DR 24251, g 1A 5% (tumor microenvironment,
TME) G4 G A . SE A0 M . Z0M /L5 . 20 B 3 43 DA B bk B 48 A0 L A o) %
(26271, 3 G PR] 25 3 (7] DX ) Jie 8 24t e 110 e Joia PR ] 2R

Zor A RE T, R S A SRS T AR RRAE IF B 2 TME LUE s — MR T
R AR “ B P8, Laughney %5 A 7E B4 AAKF F50E J5 R M R4 6 1 I s
(I A (A EAT I 7, R O 988 4 R R 3O L 5 0 S [ A T Y B X B2 P 3 AR A
AR B PERY AR o AR A 55 T8 440 i of 42 28 435 W W0 ) RBURK P LA I LB R 9
B WA, LRI R 40 i T E e 145 PD-L1B%8E NKG2DBVH) 54 ik ok
HEIE G2 2R G0 IR A o R A i 25 23 A R R TS B2 I TME SRARHTAN 16 82
B T 40 Ceytotoxic T cell, CTL) 84 ZEBBIRAHMIIE T, 25 70401 iR 4 i 3
ST AR, HEFR A S LIS T CD8OBY ., CD8O0 5 i A S K 7 1 CTLA-
4 1) CTL #H&5 &, #EIf40H] CTL A4 BE AR A . FAmt St sl 7 /R BRI
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IR T-2H il (cancer stem cell, CSC) 7E %83 I8 Sy oA s o (4 B3, b )
B4k (epithelial-mesenchymal transition, EMT) 1E 40 A ARZS SO 1) 55 —Fh
o, A BRI E] F 1R E D PR 2 i RS LR 3 e ki

[34-36]

Zr AR S TME IAH AR R R Va7 BOR . 0t BB 6 30 I 7T o
TEIM R FT /N BB R AN B L gk M T 4% #27697 (adoptive T cell transfer therapy,
ACT) IR, 3504 Fifrieg 240 it vy ke G 3 SR G it i, AT = AR i 24 BT, %30
FAT eSS T A SR S I AR B 25 4 A AR DR IR B R 3 A8 Ak, 5] S % R U
G (myeloid-derived suppressor cell, MDSC) f54ER8), jth4h, TME H1[
WEAH AN T 40 A=A AR SR BN T o 0] 5 5 SR 60 R 41 MU AE Z b AN 5 RS 2
(] AR 4090, 3 b 4 R 175 5 FFD 200 B T 98 P St e 4 L R 08 B G s M R, T
S ACT ¥RIT R [N, 5 —DUEh T B e R R, s Lt s %
FERE AT S BT (immune checkpoint blockade, ICB) i 24 P45 540, ATC wf i 41 i
A TR, W B3R EMT 2601 92, sl 58: 5% 1CB 1577 1) ATC
BRI S BB R RS RS AR ORI B, iz, AR/ 2 A B b R 40 A3 3ot 22 4
TR G ke, RILH R 2280 S bR J) AN 25 PEN . RN B AR
TC SRS HIEEAT 7, $E[A FIE I ATC ) TME, 4 #E— 301 e i 78 HVA 7 30 A5
HAEBEREE L.

1.3 RIFERESMESLRSHIKEK

TME DMIRE BRALAVE FRERZ NRFAE, KR 40 i 0 2R ) 24T R BB IR I 5
31, D& TME H R 5305, e 4 i kA Qi B g R T 4B L RE B RN R )
J5E A FH S DA A A7 10

B 20 28 50 FARA APERE WG IT I LR, O 2 BT 7R W s AR 52
IR A P AR 2 22 e g T A TR B S T ST, R 4 PR A QA R AE AN
R IR TR S VE RO G 5, JEW0 RO B . R . R PRI IR A i A i 42 T
PRI AU RN 2 IR 1 bR BRI — 11, SRR TUIT R 4 1
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R, 0Tl B AR YT SRg B 22 R B 21 = 3

FitE 4 e ) AR U 2 5 L A RS B D) AH ORI, Otto Warburg #2 H, 83 4 fifd
B E AR R I 2T, A Tod i Bl Aok 7= AR e o, X — R AU R = e i
PR AT A0 M A 225040, O™ RO A K P e 4 470t 9 3 B, BRI A ( GLUTT L
HK-1 1 PDK-1) (1325 b R R AR08 2% (R0 I8 » A2 4 Pk A 0 1) 6 B2 S 2 — D300,
SEAIER AR (1 00 161 7 S R 175 5 22 R 400 R R VR 6 40 L P T R 22 A ik o R L A
FHBN, TE RS0 g h 2 BE M IRAS I R s 4 M AR R LA FH 2 3 g MR g b
WA R AR 7 =

B IR RN, TR R R B AR R O R AHE A B 1 A RCELIR /& Warburg 2L
N 3R 50 61 6 BE A MR 25 3 A PR SRR ML) 2 — 152, BRAEPR BT R A5 R 4 A 1A 2 Bk
i A K, SEEUEA SR KRS T a] LM RRAG, EmasI g s, 7ERF
@, #EtH T TEAD2 Hl E2A $0H| ZBEAHEE A 10E, SEERAE A1 K
S B A2 AR 4 P 25 A A R PR

LRI FRARIC T %, Warburg 250N 15 54 28 BEAH IR 434 54 17 R b A (A X
(RIS N 2 15 3 L s 200 0 FF) T A PR RS AIE , 38 I L R0 ) S 25 1EBS) . [l AR
PRS2 5T A0 M RE e B (RS AAAE DS, 38 7L L8 200 M 7 SR AU AR 5 A IR B
H AR B0T, fERERE TR, SE B SR 1o (hypoxia inducible factor 1,
HIF-1o) i B2 3 0E 2o R ik 22 Fhops I fid 2 1 1) BRSPS 0, nf%ia e GLUTI
A GLUT3P®1, HIF-1o - 74 P 2 It SR 1 /KT, AT (R kSRS 2% 10 T 7Ll T
280 L P T A %7 o

WA, g AR A B T A A 5 e 40 ) AR AS R PR B DA OG- 2 A8
FE TR ALE 25 43 A0 1K 22 T R 988 38 I (00, ik SR SR IE PR LI SC B e,  vT BR 1)
IR~ 200 6 P A KR e PR T O 5 A R R AR SR 4H A Hep G2 AHLE, BURIT
58 20 L P S R R I 0 A ARV 1 T 02y R AR B e o 28 R 1) 25 ik
R3],

AR B 2 P2 (45 P88 4 P T 3 182 R A 97 S59R 9T SRS I¥) TME 1R AR A, 33 1 1
SR I 24 PRI A g A S0 I Y R R R I AR R RO I, U0 e e 4
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L4, R Rk 1 MYC R4S B e a iR B e, T 2 5415 5818,
BT 01 P98 200 6 E AT RS T P A A R D TSY . T W PR e A S I
Ve b TS A5 B e A K A T 2 IR 7 A i 2 L), R TR A 1) S S T AL K
I, P ECE SR A AL B LR SR, R ORI R 2 P
(PR IE 2@ I R HH 25+ 78 U IR 4 AR B R 5 B 2 R A 55, (2 sk
FIIIEAE . 222, TR 2518, thah, A TR AR, EmEEEMEAMR
Je 20 P 2R PR O W% 2 BE T A AN SR AL R 1K Coxidative phosphorylation, OXPHOS) i&
A ] 348 54 162 7O, PR TR 200 MR X TR A e PE IR 0] 2R A ATP A BRI ) B —
FXUI COXPHOS AUHE B fige XU A A Us Ve 238 1 T IR W 4 il

g 4 P i AR U 2w AR S B M 1 TME,  0E— B0 T 2 Fhbi e
PEIRE, 55 IR AR, S I EET N . SRR . R B T R AU T 5
20 M FEVE AR P AR IR R, 5 R 2 Vi G 2 4 L P T R R RS R T2, AT 3
Go gz k34, i, FLER T L R AH ¢ B R 4E (tumor-associated macrophage,
TAM) H PD-L1 fI3ik, FFEBHIE CDS N T 4 (effector T cell, Teff) [
FEAENE, SR GE SZ LTS 70, RIRE IR N IR A, AT AE CD4™ T
Y AL AT T 40 (regulatory T cell, Treg), IBAEMGHE CDS™ T ZHf1H PD-1 )
FIE 8, BRFARHE A IR IR R B2 @ T 4. MDSC I R0 Al
(dendritic cell, DC) IThEE, {EHHEZH I8 21 i b2 6 i v 47 i 1 Ok A (0170, =i
BT (adenosine triphosphate, ATP) 7K™ A& I i HF P 0E S 0 IR 32 1415 5
'3, AN T 4HIFT B 4HAR K0S . BRAT 72,

B A G AR A, AR TR R 1 e 400 5 4 P M R TME w1 22 0
E AR IR NG T B IR YR, 5 EUMRR I G 4E AT R O E SR A,
111 7™ A S A M PR ShBEE 821, B AT, 45 AT IR T ICB %57
S DA HE IR RIR S,

14 HBFRFIEMERARFHONA

It v U B Y PR e, Bt 7 e N KRB I AR AL S —
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PSR R R, B2 B T A 2% 0 AR5 B B vh 52 B FRAE R 9 Ra it ot
i RHT A A R TT I

I iR FrtTR A AN T 2 2 TR (1 2 ROk TR RE I TS PEAG RO L, AR TR T
MR RS IR . A OIRS R HISEE B . BT, ZRLE I BR O R H T b 4
GUKP s, B 7R T 23 AN [ 40 M 28 AL AR LL 3 o 4521, CIBERSORT #)
FISZFE B AIAT RNA-seq BT [ A5 BRI, A5 RICUPA% I8 Hh 7R 200 288 1L 20 p 1841
CIBERSORTx®>Ifl CODEFACS® %} CIBERSORT J5i%#tAT 79, (AR e &
(5] U5 53 B ok B4 AT OB FRAL B, Re TN S B 4E MR B R R Rk . Ak,
quanTIseq™ 1 EPICISUE F 2 U /s — e [ml 9 53%, T TIMERPUE F 4 1 e/ —3fe
[ A S0 R A T TR ot v G2 200 M 1 5

Z B AR ST HOR OB TR, N2 MERR | SCHF I EAL . TR SRR
JEA SRR . Tao S8 NTTR 1 — Pl I BENLARAR S0, 125500200 FH 4 5 TR 2E 00 /5
a2 T, HZil 3 TAERHE (receiver operating characteristic, ROC) HH £k i) il
25 FTH A (area under curve, AUC) %% 0.92°, Lung-CLiP (Cancer Likelihood in
Plasma) FIHEEBAMLE T 21075 (IR RT3 283 « Fha D7, 1848 [l A e 3
D, o I3 R A T R A A I DNA HEAT 204101, Maros 25 AU X AN R R AL
RS RAE (BENLARAR. SRER LS . SO BRI 347 LU, RIAERE T
L AL B AR RE AU AT 23 2, SPE X 28 R BN G2, eAtk, B sk,
FIH5 SNP 848 DNA FJE A0 RIS SR 20 57 5 6 P9 1) 22 2 2 58 mT DA 235 ol i J 924 1)
HJE, TR GRIF AT LA A ) A IR L U Ak BN 4 A DR RS 4 T T )
7.

IR 535 B R DR 17 T A AR 23R IR 23 B T BAE R X 4 SR A A
PR (R B B o SRR 2340 AR R 43 S ) A A BRFAE B R824 TARRE, BT
WEFLE BRI 1 MR 7E 73 1 B2 T B S5 B, AT AN [R] S B ) fb g $2 (it ks v v
J7 77 RO Z LA 2 S DT C S T R 4 R A 2y 25 . B, Markus 45
ANFIFHBENUARIR S, 45 A R34 1 DNA FREALEE, paha Sr 1 LIRS 17 7
P A8 FE— TR0 Je 156 24 AR I IR REAH i Jgg S8 it 72 o, i 8 N AR Al mRNA
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O3 microRNA I 7 A1 DNA - FHEAGES Fr et ool e ME Y BEAT B 70 A, IFilad g
W B SR R AT 43 25, BT 40 th B BB 2% | B AR RN PRI 22 55 () = ol
B AT, Franco 55 18 FHUR L % SJRERL 40 #r 1 JeiE 2 [ 4H &1 (The Cancer
Genome Atlas Program, TCGA) P8Iff] DNA H &1k, RNA F1 miRNA ##, #iH =
Tl A ] 4D O B 4 R TR, X e S R P 55 o 20 Sl T e AN VA 5 (1938 FAH DR 1
BE PRI T4 77 T BAT W 22 e B9

VF 2B TT 7 AR I R B A R L T S 3 T R F el T eg ) v R e
JRE, 1R 2 B ATIIRA R MR LB TT HH 2 8 o %5 TR ARG ) B ARV 7E [ 7™ 2
AR, 18 F R 2 41 5 400 A S e85 2 2] BEedh AT g A I A2 i L S 4
F. IRIT IR AT RE AR, OO — P AR Ak ) SR 00, B
il IR 200 23 T AL FE RN, S8 I 2 BERASIA 43 T 2 A ATC BRI AL,
H B REAERL S )] ATC, Kt — DAL IR T SRE . BGE BRH TUS FIAE A2

1.5 FREAFEHNEENX

1B B =R, ATC AR ARA BT, 5 R M &2 Wibr ik
22 53 IR 5 5 FEROURABIT AT, X ATC IR ARSI FIAS 56 4 1) ik th FELAS: 17 X6 1%
R 1) A T FR AR o 240 B T S P T T e 4 FRLTE A R R A AOIRES Z IR 4 1 e 7, 3
TR (103 Bl PT RS K BIAN [R) R A hi o 1) o B[R4 57 . B89 PI3K.. PTEN. RAS
I TPS3 45 S 20 M A U 1 42 R 7 A= AR 1O, BT ATC A AR S A AR
A DGR R I RIA A, DAL ATC an el b 8 56 Rl 42 SR e e o AR T AR 7E AR K
FERE EAIORARFN . IR, B AR RE TCGA FHEFEEREEME (Gene
Expression Profile, GEO) UK J&, | FH A W(5E 85 T 10 S ) R SREARRAIE 56 B 1 7542
B e . HH AT IOR ATC B850 AT, 797 8 2RI TUK T i s
R

IR ATC AR AE A LI — AL E, RS 2> TC #
A, FERT — AR HTRRE . @i A 0 2 LA A ) B ISR G A HTHE
2, AWFRENT TC MESWFREE, JHEZ MRS IR TR AR e . 72k
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Henf b, AHEFFIH Compass! ™MEIEIRAIRA TH TC 242 % V)M S AR
BT, R IR EEEUR TC MAMHRHE, R viper HIERTT T AR RS
[ TC M N TiEtE . 4545 . RNA-seq. CUT&Tag FiARFZNAUMERL, A
WEFERAUE T ATC 200 Hh 7 86 Vi B ) € R A A2 S e b e e s DAL 7 (R i P A XL
X LR A B ANOUINER T 5% ATC AR 5 24 Ve FR AR, ONTF RGBT IR TT 7 i85
P TR o BT ATC OGS AR A4S, T ATC B ITREG YT BT
@AE, HEMSTHAT SR SE B E HUE .«




£ F H R X FH T FLE AL

2 MR5ERE

2.1 SRR, BM 57

2.1.1 SCIE{YES

F2-1 FELIIES

D& EA R
2 15 R A 3. Thermo Fisher A ]

XN H i TAE S HE TR A IR AT

G/ K il HE g RERA

4°CUKAE HE B R R R R A A PR A
—20°CUKF4 [ 2B RS R B R A A PR A
—80°CHR G K [ B RS R R A A PR A

G i B oL

WB £ I HL A ORI 54X
LERZEEIZN

At KA

EVAR SR

gPCR 1%

PCR 1%

HRE IR KA R
PG E R
NanoDrop f &4 JE LTt
B AR 7 AT A

A X P U A L R A
HLZNI 5] 4%

HE KM BISERAEE (AEED B A F]
R AR R 2R AT R A ]
LR AR A PR A A

i I TR IR A F
HE R = RS A

i R IR A A

= Eppendorf /A ]

i IR A PR A ]

&= Carl Zeiss A7

S Thermo Fisher /A 7]

i AERUR MR AR TR A F
E LA (R A IRAF]
[ VLIR EREE ST B Bt A R A ]




BEEEE RN

J2E AR HA Olympus 7 7
YR AL s HE H AR A ]
VKA HE EEBERAA

212 FEHS5RF

22 EEFEM 5

FERT R A4 FR

DMEM 355 3%
T DMEM 15355

4% ZERHEE

O LAY TRA R A F
DU BV TRA R A
LR AR R A

£ # X

IR 8 YL T DO A R R A

a2 L HE AERCEARIR A R A
0.25% EDTA JiRAl 4H H 15 14 FE bR S RAEYBRA A IR A 7
TR L b 25 5 Bk AT R 24w
TE LT 20 M R A7 T E TRNFIER YR R A A
R R T _EEE A TRERGARAF
6 FLAMM B IR E A T TREB AR AR

LB Broth 55773 P B S RAEDSAR AT H IR A7

WA R I AEECEARIR A R A T
HREER R JER AR A PR 2 7

TN 75 & ok N R &
Annexin V-FITC/PI 41 ff & - &
T &

QuickShuttle % 447

FE RIRAEARH (D FIRAF
i BRI (R BROA A
] IR R AT PR 2

i CEEAEYRN (R BOARA R
FE RIRAEARH (bR FIRAF
FE_Ei EEE B IR A ]

g
Stbl3 &3z A

RNA Hi#&57 &

10
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Hyperactive Universal CUT&Tag
Assay Kit for lHlumina

Tag Pro Universal SYBR gPCR
Master Mix
HiScript 1l

All-in-one RT

]
el

P B MERL A MR R AR AT PR 22 7]
i SV A A DR B AT R 2 ]

SuperMix Hh R T E A R R 3 A R A
RIPA Lysis Buffer i OB SR E s A R B A B BR A 7]
BCA & ik I & k7 & HE B S KRR H IR A7
PVDF J % E Millipore A 7]
AR bR E 2B ARG R A F
ECL Enhanced Kit HE R R E YR R A F
519 E R GRBO VR RA
TG H H Marker 2% [E Thermo Fisher A 7]
PMSF £ F i1 il 71 HE S RAEVEARBA H IR A
oW F R PRI B & I RARERRE dERD HIRAF
it HE b AR A PR A
Hl HE N E AR IR A

*®2-3 FEpik
EARES et U] v iEb=—vLii=d=a] KIS
Anti-MYC HEHT R22809 WB 1:500 Zenbio
Anti-Beta Actin S ERLPT 66009-1-1g WB 1:20000 proteintech
Anti-SLC1A5 "EZPL  20350-1-AP  WB 1:12000 proteintech
Anti-Mouse 1gG f_$t  SA00001-1 WB 1:2000 proteintech
Anti-Rabbit IgG fRPL SA00001-2 WB 1:5000 proteintech

22 LWHE
221 ‘ARRERKIE

AR FHPFER R BHT-101 (AHURIRAR G 1 KTC-1 (A HUR AR
F ORI 41 R I SE B A E R 2 e g R B 2 W R DL S A . AR B Hh

11
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FBHEBESRAE N I Er, fES250  2AF R XTI MEAT 1 7% o S0 F b s ARG 2 40
ARG O TSRS ES, DA CREE (B A S0 I T S 1 o RIS T
TR 114 J0 R R AR A i R AT 5125 DA R A R 0 Ay L5 G o BT 1) SR 6 16 B A8 E
BB MSEI AT, MR AR Y 2 2 AU BRIV AT .
222 4npERESE

MHE T BRI HEERIEREL, KT REEFRETRE 37°C. BAFBAEM AL
R VR A B DU S 1) 37°C/K IS IR 1-2 0% (minute, min) PATE MBI . A
JE A5 FH 0 B S MR A LR K LR AZ N B 5 10 mL TG FR B B 0
K& M B O FE I R BL 300X B0 F7 (g) WISEPE B0 S mine PUHEANAR)S
NOERE, 3R B M ImL iRk EBURG, R BRI, JERIE
BRI, 37°C. 5% CO» s AR 9%

AMMALAR: B E 70-80% % LN BT, FIHEEFREE, PBS mikdni
1-2 WK, INMNIE R AR (IR, 37°CANIE: 2240 50 2 min Ji5, SEEDIA 2-3 £i%
AR e AR TR, 300X g B0 Smin, 7 L. MINFTEERRE RIS R . AR4E
SR A I 1:3 B 1:4 2P BCESE RS IR, 37°C. 5% CO» 4 IR M 55 57
AV SR AN ML BE . A KR AL, MR pRan Rt e AR K.

MIRAT: TEMHTVRAERT, BAORGEARAE K RIF. ERRAEA M A=K 3] 70-80% %5 FiE
I BEATVRAE . SR RERL, EER RTINS 77 5L, JFH PBS iUk
DABR 22 5% B (55 7 25k o 4076 35 70 0 P I N I8 2 B 1 B VOB A T 9 4L« R Ak e 4
J&, 300X g B0 Smin, F L. M | mL LHLIEGHMELER, TR, BB 2400
HALE R, ~80°CHBARIR VKA o AR A7«
223 FRAFEK
(1) BBt % WER TR BORL DNA, {5 H B A v 4l 2 A BRI
(2) ¥NIRJFRL DNA: M -80°C UKAHHEL 100 uL Stbl3 /A2 A5 EH, B TUK ik
. KR DNA I BIEZ S M T, RRIE.
(3) UL FE: #5 DNA RG2S R E T 42°C KK BEAT AL L 45

12
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PP (second, s), SRJEILEIFEVK V& 2 min.

(4) EF:FR: AEEOEPIMA 1 mLLB AR FREE, RAEE T 37°C #IK L 0.6
Xg 77 1 he

(5) Fiide s 9%« KR Ja B0 R BT v A 2135 6 e 8 JLAE ER A LB 3P b, 37°C
BIrram E RO IR .

(6) FAPETERERRIEAITAIN: PR AT, JF@EL I PP oA R 7 51 G iR

224 BrRiHE

(1) 2451 B AR TURLE) Stbl3 B2 SRR B &5 H 100 ng/mL 2R 5% &
(1) LB Witk E 775, T 37°C BIHRIR B RL 0.6 X g B FE I 3% 7%

(2) B LL 2500 X g FIFEEEE O 10 min, REM# EFE, B FHEITE.

(3) % 500 puL [ BL PN & CP4 W FAE (2CE TS H ). 13000X g B
1 min J&5 5 JEHK -

(4) [A&A BT B RN 500 uL (1) P1 VAR, 8 RS W00k Bl i e 2 A 2
W E R, ARSI ZHN 2 mL LEEOE .

(5) BRI 500 uL #) P2 I, HRMEFEEOE 6 £ 81K, HlRARH 7
YA, E R AR B R Z R B DL i G

(6) HEWARIERT, JIN 500 uL 1) P4 ¥, FHRERRIE: 6 & 8 IRFRIE G5,
i, S REAaiErc A, FIREE 10min J5, PL 13000 X g #E &0 10 min.

(7)) B EFEBNIEE F, KPR (6) B LIFSUA CS ik, 13000X g &
0 2 min, WS IEMR S 2 mL BSOS

(8) O 0.3 fEUEMARFARM T ARE, MRS, 4RI CP4 R FHAE, 13000X g B
> 1 min, FIKW.

(9) 7E CP4 WA A 500 uL PD L& HW, 13000X g &0 1 min, FEH, o

(10D K¢ 600 pL 1) PW i BEM N 2R, 13000X g B5:00 1 min J5 7KW, BHE
i

(11D 13000 X g B> 2 min.

(13D A R B A 14 e B S SR n 100 L (1) TB BEM, ZIRJBCE 2 min, 13000 X

13
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g B0 1 min,
(14) PSS i) Jo R ¥ W08 It Il A e it = 4%, I3 JFRE DNA R, FR AR F T
—20°CHIVKFEH & H

225 TREMRANE

2251 @HRBERAHE
ASHIE T A SORE H R AE R i e B, BT BB 28 09 PTSB-U6-PGK-
Fluor-2A-ARGs. 14 22 IR BURL 22 I 7 %5 5E To ik, AT FH T J5 221800 5 B¢ . 1011 1) shRNA
FRAANT 3%
7 2-4 shRNA L [H 551

Gene Name shRNA %)

5'-CCGGGCTGCTTATCCGCTTCTTCAACTCGAGTTGAAGAAGCGGATA
AGCAGCTTTTTG-3'

5'-CCGGCTGGATTATGAGGAATGGATACTCGAGTATCCATTCCTCATA
ATCCAGTTTTTG-3'

5'-CCTGAGACAGATCAGCAACAATTCAAGAGATTGTTGCTGATCTGTC
TCAGGTTTTTT-3'

5'-CAGTTGAAACACAAACTTGAATTCAAGAGATTCAAGTTTGTGTTTC
AACTGTTTTTT-3'

2252 BRELE

(1) BYLHT 18—24 /NITAEGH M B 75 ML Ak HEK-293T i, E4HMI%E N 75%
I HE R e gy I Gl S b i (1 1 7R 2k

(2) #ERFURL: 7] B0 NN 400 uL JC B PBS W, 2RJ544 12 pg shRNA kL
9 pg psPAX2 Jfiki. 6 pg pMD2.G ki in N VR 2) %% FH .

(3) HERFEGARF: MBSO NI 400 uL JCH PBS W, K 60 uL 44l
NFFIRE]

(4) NG LA I 0 ORI AN 3 Yl AR & 395

(6) ¥ L —BIRAW ARSI I BB 7 5, B R FRIIE S .

(5) #Ye 48 h JGWUAR S AR BRI IR 2L, JIN S0mL B0 N, BT 4°CUkFa R
Ffo FRIAVEEFR LA KT B (R B R 4k

sh-SLC1A5 #1

sh-SLC1A5 #2

sh-MYC #1

sh-MYC #2

14
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(6) WCEEHEGL 72 h JG & A MFFMIE IR, RS E—2 1 50 mL 08 A .

(7) BRSO BRI 4°CE LR 300X g B0 15 min, #RJEH 15 mL 34+
PRI FIERE B 0.22 um JCTEUE AR AT I SR R4S B4R A R, ORI RS 1 R
IS 50 mL B0 N, 77355 5 mL &O0E F AT -80°CIKFEH % H .

2.25.3 R4S

(1) FEFAT I BRI YL, S0 M4 25 3% 1A 0R FE AT A o % T30 Ja 4 1Y) 24 Mt
R TS FUBCE, FFRUARRERIREE (054 1. 24 3. 4. 5Spug/mL) FIMEME R IR0,
M HCT SO M A =R PN 4B A T 1) SR AR 7 2R FEE AT A Jim 8 T PR VR

(O TEAS LB P R B A, A2t AR K B 30% 35 FE I, BITRT 46 18 03 B IEk s o

(3) M-80°CUKFHHLH I e, IFLEVK GG MR

(4) fELH K EP B & SEALAF a5 SfLINA 1 mL 8% %, 200 pL 584
FEFEFEA 1.2 L WK EN 10 mg/mL ) Polybrene 1§, 7870 1R & J5 I\ B S FLAR ) 45
AL, R R — AN LR R B

(5) 1SR EAAT 8 & 12h J5, KREWTEIREFRAE, RN 2 mL B e 4
BraRhk, dkSRERIR 48 ho TEULIIE], M HUG BB A R

(6) 3537 48 h JE MM E BIR RS B R W IG R AT IE IR, & 24 h e — ki
Fedk,

(7) UARIEG T IEFL P HI A0 M 5 A S0 TR R 0RE , SRS 172 IR EE RS 25 3R 1%
FRIY KK

(8) Wy KEFR M RIRAE, LUE G LRSIt .

WED

2.2.6 RNA {2H

(D B4, BOBCEEMMIFRERIA B, RIRHARRITE. &7/ R340
SEASNHUG, NI 100 L () RAL 80P, SBIR4R LR LAFE /IR, ARG T I
B9y, K 100 pL /9 B3GR 1.5 mL B LE H .

(2) A 500 pL RA2, JB%ZJ, # & 1 min.

(3) FHEAR Y TR 2 EG WA NEE T, 13000Xg &L 1 min.

15
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(4) FFEANEE WAL, MA 500 L EEHER, 13000X g B0 1 min. EE LK,

(5) FHEEWAK, 13000X g FHEE L 1 min.

(6 [ W Ak (0 PR A DR 25wl () B 2

(7) ZEHEFHE 1 min, 13000Xg B 1 min. BEEIIE RNA WKEE, ¥ HAEE T
80°CHIVKAR th AHHEASKAT H

2.2.7 WRHEE PCR

(1) c¢cDNA &%

T SR S SR R B AN T
4oy (LA
5xAll-in-one gRT SuperMix 4 L
Enzyme Mix 1 uL
R RNA 1 pg
RNase-free ddH20 to 20 ul

IR R RWAT 8— 10 IREFR MRS, HE B OIEEEE K,
SRR IR

I i ]
50°C 15 min
85°C 5sec

WP Y E T30 ~ —15°CI{R-AE .
(2) FERMNIREY)
WG E B PCR MK RECE U T

16
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4y (LA

2xTag Pro Universal SYBR qPCR Master Mix 5 pL

Primer1 (10 uM) 0.2 uL
Primer2 (10 uM) 0.2 pL
Template cDNA 1 uL

ddH.0 3.6 uL

(3) BHE qPCR K NAEF:

I B[] PEIRIREL
TOAR 4 95°C 30 sec 1

95°C 10 sec
TG RN 40

60°C 30 sec

60°C 60 sec 1
o i h 2

95°C 15 sec

2.2.8 HRIFENEE

2281 EARMEE

MYNIA FE A A KR, F PBS Peikdif, LLRBRREFRIE P i AR
SRR o 2 J Mo P SR 1 i A SR 0 2 o b, A 4 L AN 55 7 ML JE T 7% o 5% 1 JBR
FEEER G, WA IE . KR4 SR AERIR T 300X g B0 5 min, PAUT
VEAMML. FE BB, TSNP IR AL R RIPA (5227 RIPA 24BN
10 uL & ERGHIHIRD . ZUASZ R KRB I 4 R BRI R R R . R
HRAIMGTIE, FFEVK FBCE 30 min, & 10 min B IRY BUR L B0 LR HE4H
ZUR . KRR IR S P1E 4°CF 13000 X g B0 20 min. NOHUEBSHEAR
BB R B OB T BRI BRI A 4R R
2.28.2 EHEKRENE
(1) & EbRE %

17
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@A 4 30 mg BSA (B -LE RN 1.2 mL & AR ERE, BEE5SWM,
3 25 mg/mL (1) BSA bruEIE -
@ 25 mg/mL [¥] BSA FrUEIEBFFEE 0.5 mg/mL. #1201, ¥ 20 uL ) 25 mg/mL BSA
PRAE I 980 pL IR, BIAI132] 0.5 mg/mL WY EARAE S AR AE H
55 R AR A [E] (R AT R RE

(2) BCA TAEMACH]. 5mL i) BCA 5] A A 100 pL ¥ BCA 57 B, #il&1%
# 5.1 mL ) BCA T1E#

(3) HER BN E
DFE 96 FLHH, ZFBIMA 0 1. 2. 4. 8. 12. 16+ 20 uL MIkRHES, FEAE MBI
RN SAAFUARE R 20 uL. FZ, bRdEm BB IR RLT 04 0.025. 0.05.
0.1. 0.2+ 0.3. 0.4, 0.5 mg/mL.
@FIFERFLFE R, PRS2 2 20 pL.
@HEEANFLAERIN 200 pL ) BCA TAEEW, 37°C FHEH 30 min.
@15 FH BRI AT 562 nim 35 4 A0 5 WO FE A
SF FH FT 37 1R b vH: it 2 B SEB N B RE S AR SR v H SRR Bt 0 B I BOUR BE o HE 58 K
VR BEE S5 R AR R FEIRE AV E 2R, i )9 B8 A v O REAS AR
RIPA ZE AT & R0 e, LA ORI A REASIE B 48— I R LR FE K.
OB, MR IFEIMNE LA 5% Loading Buffer, JE21J57E 95°C T 10
min, #%#E B TUK FAE 2 min, &G0, B T-80°CIRAT.
2.2.8.3 BEHIK

(1) HEEE . RYE T RE T EH 2B BRI B, Fva i Rkt n
IR A, 2 EERIEI EEMAGEK, ERAKPECE 30 mine 4y BREE 5,
B % PP RO KB S B AR AR P DB AR T o P92 PR A 40 e e 7 42 I N3k
A, ORI o B ) 45 0T I BV MR B I e skl e 2 o, R AR S BB AR 1) — it i 22
R, R, AKCPRE N
S ERBL T W R

18



£ F A H X FH L F LR X

WRE 7.5% 10% 12.5% 15%

H,0 2.4 mL 2.0mL 1.55 mL 1.15 mL

1.5M Tris (pH8.8) 1.25 mL 1.25 mL 1.25 mL 1.25 mL

300 A 4 I ik 1.25 mL 1.65 mL 2.1mL 2.5 mL

10% SDS 50 uL 50 uL 50 uL 50 uL

10% AP 75 uL 75 uL 75 uL 75 uL

TEMED 2 ulL 2 ulL 2 ulL 2 ulL
WAL T 1R

45y i3

H,0 1.438 mL

0.5 M Tris (pH 6.8) 624 ulL

30% A Ji Bt M 405 pL

10% SDS 25 uL

10% AP 37.5 uL

TEMED 4L

(2) EFE. fERR AT BAE S HER SE UG, BB E T Akl o, RS & 1
TRGERN A KA R, FEIR GBS R R B AR A T B
EFUT 0 2 R AL

(3) Hijk. FERHIE, WEESMBEE. BkaE e s kT, &AM RERY
5 P K LS B BN 80V, R K 30 min. AR HIKE S BARE, K HEESCN 120
Vo

(4) Bef. FLE R, FFET 4°CTIA . BUH sk e UG RIS, FRYE e
R/NEBY PVDF i, 4% BRI IR . 2 FLigZR . JBAR. %EK. PVDF Jii.

TEAR. ZALEARE . BRI IR AR R AT S . IR P B R HERR I 2 P 1
OB, KRR SR SRR o, IONTROA IR I . AT R
JBE, FIRBCE N 350 mA, LRI ] ¥ E Jy 70~ 120 min.
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(5) B, ¥IEERH)G, K PVDF B 25tk &d, M 1x TBST M %=X,
FR S mine B/, FHEPMAE SR TIE 30 min #47E M. BHHE, BRH 1
TBST ML =R, X S min.

(6) —HilFE. EBRBMHG, BB —bl, 4°CRIKFEIR. —HiiE
505, NN 1x TBST #EREIK L2218 5hiH0E 5 min. %R 1x TBST 5, HEFIMA
1x TBST #EAT 58 — O BE, WHKFEFEN 5 min, SILEZIFRE =K.

(1) ZhiE. LB TBST G, SMZIMARRL 1 P, HEZR RS e
REFMH 1 he

(8) . 4% 1:1 KIELHIRE ECL AOLHIH A WA B MR A], 7E PVDF JiE _Lifgn
ECL &G, = TR 2 min, WT ECL )6, =ML, B, €.
229 FiIREERMEIE

(1) Hl AR A AEK BB RIAE, BB R A B O S 2
Fi PBS Wei Ja 07 Toe R gk, @ 4o e an i s i

(2) FERbEHM: LARESL 1000 M %3 B emh BN LR, BT 37°C. 5% CO2 #Y
M IEFRAR PR 1—2 W, WA e WA A IR 5K, b B B e B R Ak
(3) [HE S5t HmbEE ] I (ZHOTHEXE] 50 M), BRI
PBS BEER4HM . I F R e R R B E AN 15— 20 mine FH 0.1%%5 i 55 YLt 7] 4L (1
5—10 min, FAEKMPEZEERZ Rk

(4) BAmAbs. TR A TR PR, R TG

2.2.10 CCK-8 ZAHaEFAEThRER

(1) A NS BAT A T2

(2) ¥ B ER & 96 FLAR T, FEFL 100 uL, FEANSKIFEAR B HANEEIL, FH1E
B IR B AMEFLH 100 uL M PBS ¥

(3) BB FEMUBCE T3 - P i o 5%

(4) [FEALFIIA 10 uL CCK-8 ¥, IR LA IR 78 0 R &

(5) FUCKHEFRBURANERF- A, WE 1 h,

20



£ F H R X FH T FLE AL

(6) 14 FEG AR 58 FFFLEE 450 GUKIE KA 6 (OD B
() HHEpEEZE, AR (SZIEFL OD H-ZH4L OD 1) / (BHMEXTHEFL OD
-2 H45L OD fH) x100%.

2.2.11 ZARAT

(1) JREGTH AL TR, ARSI, 300X g IR E L 2 min.

(2) ffH T4 PBS i&EVE4HiE, 300X g =L ESL> 2min, 100 pL 1 X Binding Buffer &
TR

(3) A 5 pL Annexin V-FITC #1 10 pL PI Z2 5, 1R,

(4) WG E 10-15 min.

(5) B 400 uL 1 X Binding Buffer, ¥&%5]J51# 4 BD C6 i AT K .

2.2.12 RNA-seq M EE#EE

i FH B RNA My SCPE . B %6, SR Oligo (dT) BAERFLAR M RNA 4B A
A polyA R mRNA. FTHZE mRNA 7£ Fragmentation Buffer #1838 4 FH &5 1
WOER, BEEHEENLIE . 25, XL IR mRNA VE AR, FH45EREpLE]
Y, {58 M-MuLV %% 58 & B cDNA HI55—8E. # Tk, 1/ RNase H 23k RNA
MR, JF7E DNA polymerase T /EH N4 cDNA 158 5. BT RmBE . N
ployA JBFF#EEN 3k, FIFH AMPure XP £k-FHkik tH 370~420 bp i) cDNA F B,
£ PCR ¥ 34 H1 AMPure XP Bk T-4i{b 5, 58 MO0 PR I IR &M 2

3 Qubit 2.0 Fluorometer X UF IS E ATV e i, B SCFERESR 1.5
ng/uL. Bl J51EH Agilent 2100 bioanalyzer & SCESRN F BLIIK AN, BRI IE 2 T
JAZIR . 4, RH gRT-PCR #ERAINE SCEE A ROKEE, PRIEH T 2 nM.

2.2.13 CUT&Tag LR

(1) #8557 & Hyperactive Universal CUT & Tag Assay Kit for Illumina 15615
43 A & Binding Buffer. Wash Buffer. Antibody Buffer. Dig-wash Buffer. Dig-300
Buffer LA & 1x B&W Buffer.

(2)ConA Beads Pro 4b2E . [1] 8 B *H i\ 100 pL Binding Buffe A 10 pLConA Beads
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Pro. #&E%) 2min, EFk EiE. BE A 100 uL Binding Buffer, /8%, ##H& 2 min,
FRER B, W 10 uL ) Binding Buffer & ConA Beads Pro.

(3) US4 « BUGE AN, 300X g 2.0 5min, F EiE /G 500 uL Wash Buffer,
HEMM. 300X g B0 Smin, 7 EJE. I 100 uL Wash Buffer.

(4) 41 Pl 5 ConA Beads Pro W7 & . ¥ 100 pL 4 27 2 & E.3% 1L ConA Beads
Pro 1) 8 BkE H, JRE), FEIR NI HE 10 min. BIHNREE L, FE, X L.

(5) —HiE. A 50 uL HiA 1 Antibody Buffer, ARFEFUAAVE B HEFE KM,
[F] 8 B M E R Pl TR, BRI .G, 4°C HESR.

(6) P HE. B P aE/ENnN 8 BCENH, B EL.G, #E, 7 EiE. A 50
uL H] Dig-wash Buffer % 1:100 MiFei) — 40, W), HIMEFEHE 30 £ 60 min. B
BHE, BRE, FF_LIE. I 200 uL Dig-wash Buffer, ¥£%].

(7) pA/G-Tnp Pro & . P BN B0, FE 30s £ 2min, 7 LiEH.

HX 2 uL K pA/G-Tnp Pro, JIA 98 pL f] Dig-300 Buffer J8 & . LA 100 uL V&
Mo FNEUENES . HRERHE 1 h, BEE.G, #E 30s 2 2 min, 7 B, M
A 200 pL Dig-300 Buffer, b FHif#,

(8) FBtfb. HX 40 uL Dig-300 Buffer, fIA 10 uL 5x TTBL {8%J. # pA/G-Tnp Pro
WEHEEH 8 BE BN B, BE, MERREEE, #LE. mENEARPIIA 50
uL Wi JE 1Y TTBL ¥, 1821. 37°C T E 8 BHE 60 min, WEHf &Ly, A 2 pL
10% SDS. _E FHEEE A )G 55°C I E 10 min, BEEFE0L, $HEZ 2 £ 3 min. ##
EiEE 8 BE Y, EFHITK.

(9) DNA Extract Beads Pro 4bFE. HY 200 pL f) 1x B&W Buffer JIIA 25 uL DNA
Extract Beads Pro, "MKFJ7R%). #E 2min, 3 _LiF. M 200 L ) 1x B&W Buffer,
WRATVRE), B E a7 LiE. I 50 uL 2x B&W Buffer, % DNA Extract Beads Pro.

(10) DNA #2H. K% (9) 155/ DNA Extract Beads Pro fI A (8) hiEf
1 EiE, R . R TS 20 mine BRI .0, #E 2 £ 3min f5, 7 EE. AEE
BN 200 L 1x B&W Buffer. =R H 30s, F Eif. EiEEE 2 £ 5min, MA 15
uL 17 ddH,O & DNA Extract Beads Pro.
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(11) XFEY 1
@ 7EKH PCR & HECHILL T 4H 55

Hor AR
= 1) DNA Extract Beads Pro 15 uL
2xCAM 25l
N5XX 5uL
N7XX 5uL
SRR 50 uL

@ (IR BARRRITIRS, £ PCR AP HEATUT SOBE:

TR 5] TEIAEL
72°C 3 min 1 cycle
95°C 5 min 1 cycle
98°C 10 sec
9-20 cycles

60°C 5 sec

72°C 1 min 1 cycle
4°C Hold 1 cycle

(12) PCR /=“#4lifk.. ¥ 100 L iwfiEdki f5 i) VAHTS DNA Clean Beads JIA &R/
PCR =¥+, JR2), FEiLWE S min. BERHE.C, #E S min, 7 L. WEEMA
200 puL 80% L. 1%, ={EEHE 30s, 37 LiE. T4 3-5 min, JOA 22 uL ddHO0 ¥k
i, =R E 5 min. BEITEC, HFEZ 5min, B EE.

2.2.14 a1 FRAHAERE

AW TR AR AR 22 R T & (UPLC-TQMS) 5 S A I AL WIRE A b (1) £
R IY) (Metabo-Profile, Shanghai, P. R. China).
(1) bRz, K HERARAE S 50% HEEACHI AL 5.0 mg/mL W BER, JHFiRE
19 B0 [F R FE AR HERE DU T2 ORI 2k
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(2) FERHES . NIBIRFES BRI, BV P IREREA . FREL 10 mg 4L4UREA TR
A LSmL 808, IAEAEEERF 45 uL K, fFHASIHHLEI3 3 min. BEE A 300
uL & bR PISRER, HEAURE S BRI 3 mine £ F7E-20°C AT 30 min fiKiRE
B, ZJG7E 4°C. 18000 g 214 N fd A0 20 min. #4745 300 uL b 75 335 2 0
TE 4°C N1 [H TR AN 100 pL0.1% F B /KR, L 300X g, 4°C %
PR 10 min Ji5, FXIEHFEZM B0 10 min. B 90 L 35 # 2 96 1L
W, AR T LC-MS 2.

(3) [UHHE . 8 FORAE - R RS R A A S50 R

wE 28
R (°C) 40
FE A B R 2SR 10
A A=0.1%FE/K; B=01%FRLNIE
0.1min (1% B) , 1-2min (1-10% B) , 2-4 min (10-30%
S B) , 4-7min (30-70%B) , 7-7.8 min (70-99% B) , 7.8-

ME (mL/min)
SRR (Ul
FBAEHEE (Kv)
PR (°C)
iR (°C)

Fi v R <R (L/HP

8.8 min (99-99% B) , 8.8-9min (99-1%B) , 9-10 min
(1% B)

0.40
10.0
3 (ESI+) , 2.0 (ESI-)
150
550

1000

(4) PrEfEd. SR AREEHT ARG A, IR AL,
(5) FEAKTIIFY o i EAEIUY AT RE S BN iRz, Arlll AR AR SR L5
SREHACALEE, R BEARREAS o S 8 5 il A2 PR A AN 2 AR AR AEAT A 0

24



£ F H R X FH T FLE AL

2.3 #iEAE
231 HRABEWESTRLTE

T I 36 [ [ 57 AE Y H R A5 0 (National Center for Biotechnology Information,
NCBI) f) GEO #(#i&/% (https://www.ncbi.nlm.nih.gov/geo/), *F A& TC HI#EF KT
BRI R, W2 HFUEE T GSE111455191, GSE29265!1%1, GSE3363001%7], GSE530721%%],
GSE531571%1, GSE65144[11%, GSE76039!"%!, GSE82208!l, GSE126698!!2155 9 4~
TC AH<HE4E, EH5 67 B ATC. 22 5] PDTC. 40 5] FTC 1 82 5] PTC. 5 Fi ¥
(1035 (R 0B 3 SR AS BB GEOquery TH Rk, FIA limma B2FI 3064858 Hr
FER RIS AT - S BOR AL AN log 4, F18 ] removeBatchEffect pR% it —
FBHUGER R E B R 2, LS AR TS 0. RNA-seq £dli4E
(1) FASTQ {4 M NCBI ) SRA #0457 T #.. XenaBrowser I V&5 FH T Mg i 2[5 4H
K% (The Cancer Genome Atlas, TCGA) H3REUZ & (M FR AL 3 R 3R IA 1) A TF s

232 MEEXEFIEME S

ASHE T ImmPort Hiffe BTN BT G A SR B AR, AL T R AR B
LR T2k B 7 dEMIR T Ak 4EMEE . TNF SR AKSE 17 FAS IR )
G R ARBREREIE THE KEGG #dlifE, SLads 95 A NHHE . J Ttk
P G B AN A 2 DRI B0 25 Bt Ve RO JEAT IR R R GE M 2% 70 i (WGCNAD
oo B e, iR Pearson AH G A B VT S35 RIS 22 8] (A AR S A4 S AR ADUIE R 7 «

ro = 2@ D-0i-y)
X a2 vi—9)?

b, x Mty AN EANRIREA R B RIR KT, XAy A2 (R )P 2 2Rk
KV o SR 8 B R BRERS AR SR RS ON A BE R, B3R g tH A ON:

Aij = |Tij|ﬁ’
Horr, |ry| R EE R 2 [0 (455 Pearson AHOC R AL, BRHARMESE, HT5HA
SRAH G I A DS T LR RN IR PR AN R B, D Al R P R [ A] [
KB, WARFEAE PR AP sh BB FEFE (topological overlap matrix, TOM). #i+hEH
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S JETOM;; H)THRGEE LT A g
ljj+a;;
TOMy) = SGeutg) v imay
For, 12 25 DR 1 1 04 B TR R R, ey T ey 5 P L ) 4004 B R £ 32
(RVEERHD . 52T TOM 2 BRI R A . MR 1o i, e
ALY 55— E RS L TR FIE , /0T B R RURHAE 2 18] (R A DG,

TE AW AR S 2 A D AR R
2.3.3 HBFEIBENE

e PR A B A K GSE33630 1E 4 illgk4k, fiH GSE53157. GSE29265.
GSE12669 L\ #4 J5 ¥ GSE111455. GSE53072. GSE65144. GSE76039. GSE82208
VERIRAELE o X B8N0 HEAT 48 TEORIFR AL AL B, CRAE VI ZRAE N IR UIE £ 2 1R] ) — B0 vk
AR AN ) B4t B 2 1) v B

234 FHEmEMRB R

FRAEGR 71, FIH WGCNA i€ BB kAl , 8 caret (https://CRAN.R-
project.org/package=caret) K[ findCorrelation BRELVEAY AL &2 [A]FIAH OGP, ik
A BN R B A B IR, WD RRETUAR . IR A &k B AR e M s
R, AREFFET 52 XIGIE (leave-one-out cross-validation, LOOCV) HEZE, X
6 FIANFEBINLE 7 ST 5%, 35 15 ML SRR AT PRAY o« RpEde Rk F de /D A Wi 4
Ak H 7 (least absolute shrinkage and selection operator, LASSO). B #HL#x#k

(randomforest, RF) Fl1SZFEA &A1 (support vector machine, SVM) i TR AE W 5

(recursive feature elimination, RFE) J7VE#HATHRHIEESE. B/ B AL i, 25
LASSO.RF.SVM. A 5B 1 3 k%53 73 Mt (supervised principal components, SuperPC) .
FEEEHRETFEHL (gradient boosting machine, GBM). 51424 (elastic network, Enet)
ZREE . RHEEFE AR A A 8@ IS caret B FEYIZREERIIESE R H %2
RAE LAERFE M 28 R 1A Careaunder curve, AUC) 1E NV TR R, PLT RS
Wrakhe, wiEmEA S, @A, &5, B RE LS 2H 167 MR R
e T superPC 5%, 15 BIRAEAEA RS £ 0 AR VF4) (dedifferentiation
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degree score, DDScore),

235 HERAREERTH

B X RNA-seq 04, 187 DESeq2!!PIigh4T 2 R IA KL (differentially expressed
genes, DEGs) 73#T. DESeq2 16 T4 Am, i fili vh3k 5 23 (14 75 2 FH 5 1)
MIRR, PRERFBEMER . S EFEEH limma @UPHEAT 257047 Limma /2
— AT SR EE ST TR, 8 A S MR RI 2250 DU U ik A E
FFRIEWFEN . DEGs i briE A|log, fold change| K T2 1 H P {E/MNT 0.05.

236 EESR

f#iFH R & clusterProfiler (v4.6.2) MOHHTELK A /418 (gene ontology, GO) & 4E
ST, WU A R R R IB AR AR DR I A )i #2 (biological process, BP). 4 ZH 73
(cellular component, CC) F14FIhfE (molecular function, MF). &[R4 E 457
(gene set enrichment analysis, GSEA) ARIETEANFILEW)E AT T IRIEB XS AT H
SERHET, e JE R AR AEHE P R R gt B s REHE R T (B I
BEA . GSEA FETA SR RIEA A, TR W AT S R bk A, A 8 T4
ANRRIE SR AT BUR AL N R A S A BUE . FFEAS GSEA (single sample gene set
enrichment analysis, ssGSEA) #& GSEA ¥ J&. ssGSEA il 5 & 4EM5, LR
AR b BALRE 8 FE DR TG PR B R A K, ATl ssGSEA PATHAl AN [F) 28 1Y
FEARII DR 2 5
237 HTESWH

K H Kaplan-Meier 777248 FEAN [l 43 240 1) AR A7 R 26 B IS R 80 34 . R A Log-
rank 650 LUIAS [F)2H 2 () AR AR A7 2R, P 7 % 2 A A7 () ) R A 43 AT e 5 AP S
75 . HET R survival FAFR R FEMZ F R COX BB H T8 &5 A A 1) %
M, AR IR ST XU LE % (hazard ratio, HR) J% 95% & A5 X AT P A, HIT
IS ed iR By EP QIS
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2.3.8 ®BZRIFKESH

B xCellMTI T L, P2 2 Ve (S, bR 7 S e A
ROHAT S5, AR A R R AR FE Y o xCell s B AT AT —
B AT R 2 B TR A AL b S B TR 7 1, 102 2P T M RNA-seq 3¢
RS PR R4 BT TR . xCell B T4 IR W G e A PO T % S
R R S5 BRI L. TCGA 9 H&E PR R 3R 1 15 1 SOl )

2.39 HEFSR

R 1) RNA-seq Z04f P HEWT AN ORISR 1k, A FUAE S i Hdf vh A
F monocle2 BEAT IR 73 HT o 08 7 B BEAT AR AEAG AL BE, 22 R AR A AR AR )
AR S A% 2 04T (principal component analysis, PCA ) 2 77 1 BRARE G 4 %,
DI A7 20t R 50 A AT AL A PRARZS o ARAEFEAS B e SARpE X BEAR HEAT SR, B e
AHEAE A I R o B TR o S5z JE AR HE P 5 S, DT ASE AR A 1 0 Y mT R B A2 R 4
3o

2.3.10 Compass 534

Compass!! " T FL.40 s RNA I 77 138 &4 53 #7 (Flux Balance Analysis, FBA)
FIROR R A AR AR EPIRAS . Compass BT AT KB K RNA-seq 345, #
scRNA-seq #4555 5656 (A N 25 iR AH 25 &, BRI I 2% o i AR i 3, 2t
T A1 T 4 FRLPE AN ) 2% 4R T FRIARUPIRAS o AN 7248l Compass #1445 & Recon2 44
RE TC WAREPIRAS . Recon2 i A 4E 1733 MR 5063 MR 14880 /M Ix
JS2, 75 2 MR AR - Compass THEPIRUTT : 1 58, JiSr T 5 KR IA H 4 , Compass
TR — IR S BT RS R I e Kl B vt I e A% S A A S 1)
mRNA FE R L& TE, Compass X BAMFEA A BB —A “&i1 0
B, FoRERNAKATBERAEIFRE o X TRAMFEAMB AN B, Compass #2#k
Bl—FhiE R, KRR AR T 5y, IR RS D N -7, R
BN EANRBPIRS R E B, B Compass 43 B0 FE . 83X BB REBE T
AR TBCCA SOBURR SCB,  Js L F5 10 73 U o I SIS TR 70 B, A3 BN r BoB ok, %
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A LB 78 3 PR A
2.3.11 MRS R AT R B2

HRYE Recon2 Y EAG 0 ML S N BB~ 2% 2 (Enzyme Commission,
EC) %5, # Recon2 M 73 AR% oM S M ATAEAZ AR S 2. Recon2 H1 A
BN 0 5 4 HBHERA EC %5 1R MAOE R DA RN, I i T B IR
ARG AL T SRR Z AN SN o AR A s B3 I T B ) JR IR R B I
JEI N (meta-reactions), 055 F /b MZ AR SN R 7 S Mg SO0 T
S N T Compass I i IR 22 S ACUTE B 0 A S R R AR S 04T

2.3.12 ERN BB

fFERARECXT Y wilcoxon K36, XRFHAREARMRA2EE R NITHE Compass PF47 11
A, FE—2B M Cohen’s d PEAL AN K7y, Cohen’s d € NP FEARME 2 Z R LA
SREAR BRI

s = J(n1—1>s%+(nz—1)s%
-_ ’

n1+ny—2
Horb, ngsoxg s sy AR T R ROBLINME, DARAESS TE L5 IR 4 B RE AR
B FbrUEZ . H Benjamini-Hochberg (BH) R IE HIERLIEFTS P H (Pug)o 0%
Pagi /DT 0.1, WIBEIN g A o 22 5 0 S
2313 HRBET AT
NETERARTI R RIZE T, AL DoRothEAM WS AR If N5 3 K ¥
—RREE R, FEORE AR R 20 NIRRT, D@t viper (Virtual
Inference of Protein activity by Enriched Regulon) [2OMfElkr H 25 (1 Fii% . viper 15T
HH A T B A B RS I R R R 0E, n#% K ¥ (transcription factor, TF) 4. ffi] TF
PR (IR VE N HERG T TF 3EPERIRIE . viper SRR 04745 € A HE A
PEM 2RI EE S PG PE VP9 o TF-HEEE R 3 I 4% B 2T Java “F & 1) ARACNe 1
# .
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2.3.14 PETHFEREITSTHE

B T8 B S mE R B AL AR A R B R T R R R B, R PR =
(PR, ..., BRYRFIRIEFEAR TR A2 0 -G V7 (Regulon Activity Score, RAS)
forAn L n RFEEARLHD. X RAS FHATH— LR, 4535, PR =1. i
®PC = (Pf, .., BEORFIRERE TR EIRALE CEPf =1, WET: #PF =0,
WAJETF). PCRFEATIH— A3, DIFRYE, PE = 1. RREE SN ER-&
A% )X #I (Jensen-Shannon Divergence, JSD) K- 5 M2 43 Aii 2 [7] 22 F 148 b5, JSD
i€ U

R pC R c
]SD(PR,PC):H<P +P )_H(P ) + H(P®)

2 2

H(P) = Y P;log(P)R W04 P BIF R . JSD EAJEHEAE 0 2 1 26, 0
FKoR AR, 1 RoRtlmZ T &Ja, W FrRe T EE9 (Regulon Specificity
Score, RSS) #id¥g JSD F 4 AR VE 72K 52 X

RSS(R,C) = 1 —+/JSD(PR, PC)
XF RSS HEF, 15 28R AL ARE 5 1 10 e e R 1 o

2.3.15 RNA-seq HIBLLRT

e = W P A B B G B 1@ S CASAVA B AT DS B U A 4, AT
FEIFPAIEHE (R reads). HdE LA FASTQ A% 20A7 i, A4 1 IRy 1 BURI PP 91 J2 HAH
MR R E R . i FastQC (https://github.com/s-andrews/FastQC) #E4T i &%
fill, Trim Galore Chttps://www.bioinformatics.babraham.ac.uk/projects/trim_galore/) H LA
PR B S B L R T Re R SL T A . ZE0N Trim Galore BRIAZ 4. &3
TRALFE 1) /5 7 5 reads BB 5 H] STAR (spliced transcripts alignment to a reference) 122!
L 28047 Le Xt . S5 FE K20 N %K GeneCards!!'?), STAR J& —F a2 tbxt T H., g
WG AR RNA-seq ¥ X BN KSH A hg38 b HAKZHN--quantMode
TranscriptomeSAM --outSAMtype BAM SortedByCoordinate --outFilterType BySJout --

outFilterMultimapNmax 20 --alignSJoverhangMin 8 --alignSJDBoverhangMin 1 --
outFilterMismatchNmax 999 --outFilterMismatchNoverLmax 0.04 --alignIntronMin 20 --
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alignIntronMax 1000000 --alignMatesGapMax 1000000 --chimSegmentMin 20, i
RSEMUL@E i 54 1 /i3 A% H (Transcripts Per Million, TPM) FrifEALAE K&
MR R RN S A () 2R i 7K P o

2.3.16 CUT&Tag ¥iBS#T

OBEETALIE: A FastQC AT XTI 3 B #E4T T 4%, £ reads M7 &
B F TR . A Trim Galore LEBHATFHIEIY], LBRKTER reads Mk
5. @reads X§55: {#i ] Bowtie2!2 L 4bFH 5 1) reads X 5 8|S % K4 (hg38). X
FSHRENRNE, WS RERN SR SFEER BAM 30, FEEH
Samtools!'?I%f BAM SCHF#EATHEF IR 5], RIS ZBRARR IR . S i 13k
B. @reads $rEbritifk: i DeepTools H ] bamCoverage 1.1, ¥ BAM {4
#:5 bigWig #30, LMERETE o6 R A TH AT AL . 9% RPKM. FRifEb LU ORAS
[ FEA 2 R ] Eb . A DeepTools A7 computeMatrix -5 183 [R 2H R 5 [X 3k
(178 15 % . @peak calling: 4§ MACS2 #1T peak calling, DARAIZEF 4H 15 E =
EX. WEAER qE (0.01) EARMME, VMR peak R E M. MACS2 AR
narrowPeak SCAFHE T 5 8250 #T
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3 &R

31 FANSKFEIBUFRBREESNHEE

GBI A AR TC RE R b ARG R B L2728, (HSG T IX e84 1)
FIBA A EL TC SRS XA R ST, ARBFFIRD 7 AR
A N TC FEAS i G AL A (1) Rk A =

3.1.1 WGCNA ffit5X 9 EEHEERER

AT E S N GEO BdEFE FUEE T TC LR R IAEHE . 6T ATC FEA 1 G
P, A RAESATR TGS EZR)E, IANLBLT 8 4 TC Bt i BT 8547
M (F3-1.

R 3-1 B TTAAI HR B & Bt 5

GSE Number Platform Species Used in This Study Ref
GSE111455 GPL23126 Homo sapiens 3FTC [105]
GSE29265 GPL570 Homo sapiens 9 ATC, 20 PTC [106]
GSE33630 GPL570 Homo sapiens 11 ATC, 49 PTC [107]
GSE53072 GPL6244  Homo sapiens 5ATC [108]
GSE53157 GPL570 Homo sapiens 5PDTC, 7 PTC, 4 FTC [109]
GSE65144 GPL570 Homo sapiens 12 ATC [110]
GSE76039 GPL570 Homo sapiens 17 PDTC, 20 ATC [15]

GSE82208 GPL570 Homo sapiens 27FTC (111]

*FTC: HUIRARJESDIREE, ATC: HUARIRAR L, PTC: HURERASKIREE, PDTC: HURERMES:
b3

N IRAERE S Z AN HR SR I R AET FONAE AR IR () S A2 22 57, AR
FUAd H 3 a4 434t (principal component analysis, PCA) J5 kA B &5 £ 2 8] 2 75
Z RN T SR BN, P KRR R AR AR R A ik, F(EY]
RIS (B 3-1 Ao PRk, ZEPRBZH R Z R RN, AT B 8 AN F

32



£ FH R XFH T F LA

B dEAT 7R IR IE (B 3-1 B)o IR IEALE S, #4180 I S it
RN, WbR T R SRR G o il ek

A

0.14

0.0 4

before batch effect removal

: 2
»
]
-01 0.0 01
PC1 (49.96%)
R e T L
o H
S
=
[ | i

PC2 (7.88%)

after batch effect removal
L]
o P %o
0.10 Y ;,_.
L ] LY. %
v
et o DataSets
0.054 . Se
i GSE111455
$ o% S . °
%’ 8 ° GSE29265
° ® o
0.004{ d — ® GSE33630
L]
* o, h “ GSE53072
. %0 b "*" GSE53157
~0.05 py ° o ® GsEés144
* Y '. GSE76039
~0.104 GSEB2208
: .
-015 -0.10 -005 000 005 0.10
PC1(22.79%)
D Module—trait relationships
MEred ek
MEblue ag
MEbrown 0.38 Cor-]relallon r
MEmagenta il 0.5
MEturquoise -0.28 0
-0.5
-0.1
MEtan ne iy
MEgreenyellow '2‘512
-0.09
MEpurple =
-0.033
MEgreen ns
MEblack gl
-0.067
MEyellow o
MEpink =
-0.11
MEgrey e

3-1 HURIEE S 55 1 WGCNA B i)

(A) TC & F ik PCA FEAESS R . B rh il AURFEAR, ARBIEOREA R ESE 4. Bkl (PCD)
YAl (PC2) 7 BRI FEAZ S Utk i K AT 5o, ARARME RS FEASAE I A 3 7y
FREEAE, Ao tERIRZ TR X BT R . (B) RERHLIKEN S PCA F#4E
gk, 5 (A ERBL. (O b EBIEREI K R FERIE I 2% T RS 5 i 2 8] (AR B R
SRR AR IR R R P AN B R R, IR G DX O] R AR . BRI RS RUE R
FKF. (D) ARBHE TC AR IIAE . Horb, BT FR — M E RS TC 73
PR RIS, BUEARER fe /R (Pearson) HHSC R EL r UK/, BB )9 BAKH r{l . Pearson A
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KRS, P{HZ Benjamini-Hochberg (BH) #ZIE (adjust P, Pag)s ns: Pag = 0.05, *** Py
< 0.001.

2 L8 B G 2 R U R A% 7E iR g R b i B A, R ST AN ImmPort! AN
KEGGU 5 B il 8 T e e FAR U AE G R R B . 6T~ BIRBEFRIAR, b L4511
B BEAT IR R SL R IA 48 40 1 (weighted gene co-expression network analysis,
WGCNA), BHRFTE TC L7 EAHRKH AL . 38 WGCNA 4 i i 5
SLRILM 2%, ALK S MR AR DG K 2838 13 DA E R (&1 3-1C), RN
B T AE A B OGRS R R 40 8o 38— 2B 0 BT R I, 3 (B8 (MEblue)
RSBV /R RRE r=0.67, P.g<0.001) (K 3-1D), HwJGMNi%
TRYARF 418 A5 7 AARZS AR S 1 S L FIAR UL ]

312 (HESMHRE IR

Pt 5 0 R AR PR PR R e, I R T IR R 6 A B 25 A R E B o B T X
RIS IR E SO0 B, R, AHECHR R EAb TC £ MURR I SR
LS LA WGCNA FITR IR 418 AL R A LA, 456 2 FIURpAE SR U FIAS RS I 2575725
IS PG A RIFLES 2 SRR A A2 X I/ AR 68 (PDTC #1 ATC) 570462 (PTC
M FTC) TC JimITERE, EF R IR AL G I AT AFEA E LR V53

(dedifferentiation degree score, DDScore). FEAKFFZINIE 3-2 FiR.

G, AHIE TN BITUSCER B B EAT 20 31 o (B E AR RS TC Hud &
GSE33630 (11 ATC,49 PTC) 1ENUIZREE, JFK GSE53157 Al GSE29265 {F il i £&
1 FIIREE 2.0 A IFIUE AT AMEES TC BUR/AR B TC R4, 1E R4 3 (K
3-2A),

b5, AT T 8 AR B (recursive feature elimination, RFE) 71, 454
BEALARAR (random forest, RF). f/NEXTUKAA AL £ T (least absolute shrinkage and
selection operator, LASSO) LA SZ#FAIE ML (support vector machines, SVM) H.iZ%
BEATHRRAESR G (18] 3-2 B). RFE I BT A RAEREAT BN ISR, IFAETEA RN RAE Y
HENE, ERRUCE B/NRE . 258 TR RHE B R AR 2R R AE RS BRI AR
B FIK BN THE AR ECE, A R0 R0 5 R R R IE T4, T T R 8250 #7
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______________________

A B
Train set : ,
| , Evaluate feature importance
GSE33630 : 4 |
ATC (n=11) ! ¥
PTC (n=49) ! Remove the least important feature(s)
!
1
: Assess the performance of the feature subset
:
' No
Test set 1 : Check termination criteria
1
GSE53157 : l svM
PDTC (n=5) | Output feature rankings LASSO
FTC (n=4) ! RF

Test set 2

GSE29265

ATC (n=9)
PTC (n=20)

Rank top m feautres of Rank top m feautres of Rank top m feautres of,

Test set3
GSE111455 GSE76039
GSES53072 GSE82208
GSEG65144

ATC (n=47)
PDTC (n=17)
FTC (n = 36)
PTC (n=86)

SuperPC  GBM Enet SVM LASSO RF

1
1
1
1
1
1
1
1
1
1
1
!
1
X PTC(n=7) T
1 C _/k
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

AUC value on Train & Test set
100 DDScore
o 075 Robust Model (Dedifferentiation Degree score)
3 0% > Rank All Samples
E
0.00 .
Coo R Low 0 High
TR x o o * *
§& £ £ — -
) J JF © o
Method

Kl 3-2 Hlass: limiE Rl
(A) FLEs7 I8 H (B) FHERIE. (O BRI (D) SRR fE Kl . RFE:
recursive feature elimination, i JARFIEVHFR; RF: random forest, FEALAR#L; LASSO: least absolute
shrinkage and selection operator, fz/NEXTISE AL R T35 SVM: support vector machines, SZHF
& Al; Enet: elastic net, #P:M%%; GBM: gradient boosting machine, i $H2HHL; superPC:

supervised principal component, Wi 3 l4) .
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ST RES B RFESRE N, A0 7(E A RF. LASSO. SVM. # £ 2T+ (gradient
boosting machine, GBM) LA A& 5B 3 il 73 (supervised principal component, superPC)
555 MNLER S I BUAM @RI (8] 3-2 O, A F RIRHE L RIS RIR R
MEiE, e 15 MARKEZA S .

Ba, AWHRRH B3 XHAE (1eave-one-out:cross-validation, LOOCV) 5
W&, WAL RV A B T AT VPAL o d I BN G S AR AR ) it I T AR

(area under curve, AUC), i€ L MFFIETRIEMBRNIGA G (K 3-2D), FF
INA R RAEFE AR L3 WFEFE Y DDScore. LB E 0 NEWIE, FEAB S NE
DDScore (DDScore = 0, 7MEFEZK) FIIK DDScore (DDScore << 0, MR )
9.

SERRW, MBI RIFHTNECR (& 3-3). Hrh, RF M superPC
G RE R, i AUC fFE Bl e h it 0.85. Bk, il RF §fiik k431 167
AMRHEFEE (R 1), 254 superPC I & B e B AR AL

\S‘@,
S@f 7
¢

7
/'a. ,})
7@@ ',

+ superPC

+ superPC

+ superPC

+ SVM

+ RF

+ SVM AUC
+ Enet 08

0.8
+ RF

wor
+ GBM
+ LASSO

RF + LASSO

. RF + GBM
RF + Enet
.SVM

LASSO + Enet

+

GBM

3-3 AR IHRA S TERE LR

36

hEIM  https:/www.cnki.net



£ F H R X FH T FLE AL

RIFRAHEIE (L) REREII% R faElASEmuRe Ly AUC [, #
B A 1 V| R P R T () AUC 38908 K NEEAT

RN TR 167 NMFEEE R AN 5 Dhie, AR T GO B&E i (K
3-4A). GO FHEL R KM, RF FribEiFid G 2R S5 Z MR, Wik .
PEIRAN G IETR AU EE . [FINIE J e S S5 A2 (Can T 4RI T e s
TE PN 5 P 1y 2% 2 A X3 P AR A0 265 R RT B 5 g oA i 1 B D i A A R, 1X—
AR T 4R A BT B A TME B oG, Ak, RRAE S DR v i ey IR e
Folily ST3GALI, WAEZHARIEE bk AR B R AR MR IR AL, AT 2 Mo 4 i [ 700 AH B A A0
(CREE i ¥

ARG RF 73 2 1) 5 20 BRI R AT HE Y, JRTHE 2510 GO 2801t
Bl SRR, FREFER 3200 K SR A TR el 2 (K 3-4 B), HE4
R 20 FHOARFAESE AR R AFE R VIR (B 3-4C). #iltn, AR Hr 45 R 3L W]
AKI 5 DDScore 7if5% (r=-0.6, Pug<0.001). MMETHEBRIEH, £/ RIEHE
3T A 20 1) R 4 R A R AR T, AKT B IA B TR, X — R LU AKT
A RETE IR A0 M PR A FI D) Re e P RS AR A, AR 1/ 1 1E 48 i 1) S
WEMFEASG K. WEEE BB ST3GALI 5 DDScore 2IMAA RN (r=-0.52, Py
<0001). EHFFEHRIE ST3GALI TS TC KRR EE K32, 522 4%, PDHX
(r=0.35, Pagj<0.001). SQLE (r=0.64, Pag<0.001). DNMTI (r=10.57, Pug<
0.001) 5 DDScore £ .3 IEAHK . ERE BRGNS, PDHX HIRIEN T 4454
M R it S 5 PR AT FR A 7™ A2 OC EE S, L g 1 4 P 1 e 0 g A o 2 e
i U3, SOLE A AR [ B e b DG Bl , 2 J i (S ORT 251 228 1,
HEENA RS RMEREDIMIC. 546, BOF TR DNMTI FZAER 540 4
FE S, EBR DNMTI 23 8 A JE I B H A0 MRS, #2275 DNMTI 7E 8 4H i
RATE 240 MR AR P R oA 3 v R 3 G B A T3S
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A B ;

SCD, CYP2C8, FADS1, FASN, LIPG, HSD17B4, ACLY, ACAA1, BDH2, LYPLA1,
ACOX1, PANK2, ELOVLS, ELOVL7, SIRT1, MGLL, GSTP1, ELOVL2, TYRP1

*kk

ST3GAL1, B3GALT6, GFPT2, ST3GAL2, PMM2, STEGALNAC3, DPM1, ALGS,
C1GALT1, GCNT1, GALNT16, PIGV, GXYLT2, EXTL2, ST6GALNAC2, MAN1C1
cid metabolic process *

SDSL, GFPT2, SHMT1, NAGS, CDO1, HGD, CPS1

AP kinase activity *
PIK3CB, INPP5K, EZH2, AGER, FGFR1, PAK1, GSTP1

negative regulation of T cell apoptotic process **
ST3GAL1, PRKCQ, ADA

cytoplasmic vesicle lumen *x
PYGL, HPSE, ACLY, PCSK1, ACAA1, ALAD, PPIA, ADA, GALNS, MAPK1,
POMC, GSTP1

secretory granule lumen

PYGL, HPSE, ACLY, PCSK1, ACAA1, ALAD, PPIA, GALNS, MAPK1, POMC,
GSTP1

O . .
O |integral component of endoplasmic reticulum membrane *
SCD, ZMPSTE24, ELOVLS6, ELOVL7, RCE1, SGMS2, ELOVL2 C

phosphatidylinositol 3—kinase complex

LLWNG

PIK3CB, PIK3C2A % % &@
. L G, 12
Golgi medial cisterna « o N
| ST3GAL1, B3GALT6 *‘?/
<5’p
*kk '0/ /
S i ! : 2, STEGALNAC3, DPM1, ALGS, /gy, —
C1GALT1, GCNT1, GALNT16, PIGV, GXYLT2, EXTL2, STEGALNAC2 R1 74 \ A
Fkk /},{ /i
PDHX, CERS6, SPTLC3, LRAT, FASN, ACLY, SAT1, ACAA1, NAGS, PYGL /f fr@
KMTZC, VL6, ELOVL7, SIRT1, ELOVL2 Z "“ ,ST3GAL1
\ ding i GN—TG\ »
SDSL, PYGL, SPTLC3, LRAT, FASN, MOCOS, SHMT1, P4HA3, CYP2R1, 2 | rpy,
P4HA1, PLOD1 _ sc\ ™
] ng *kk O(’} /A,*
, NAGS, ACOX1, PAHA1, PLOD1, GSTP1, CPS1 \ ES
5 L
' - TN 2
oxal phosphate binding 5 o corsionn
SDSL, PYGL, SPTLC3, MOCOS, SHMT1 £ X — 2 §
0 5 10 15 § £ 38 % g
Count @ ot

3-4 Hope. ARBPRHIEZE R DR MY

(A) 167 MFIEEERF T GO &HEM 4R, BFEAEYIIFE (biological process, BP). 4HE4 5>

(cellular component, CC) Fl143rFIhEE (molecular function, MF) =/NR5|, BHCR &£ B
ANEE B RECE , JREdns 7 RAE R T R RHERE R . (B) JEIR 1R T AL AR MRS A R
TEH ENEAG 0 HEA AT 100 HIEER, DUSGXEERERIFE GO & A 70 B 0 = A3 b B IR . 2088
R BP @K, KEARER CC B, WK MF IEEE, b RARYE R IE B 15 0 i AT HE
Fro (C) T RENUARMA R AL H ZAEAF 70 HF44 AT 20 HIE K5 DDScore Z [ ARG HIFAIE A o
Pl 52 B AR R AE R R, SR N UG, AL 9 IEAH K
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32 ESUEEESHREN

321 EHUEEFHETNERARFEGRRKRELIEFREYE

S5 RB], AT R AL 2 AN B 4 R I AR M R o T
& B — B E PR POE R 2, RNA-seq &AW 7T R RIA I EEFEL .
DRI, ASHF 7T 38— 5 R F TR B AR RS TC F) RNA-seq 34l GSE12669811243E 17
fiio R R . (K DDScore 4HFRFEIE RIFRIE R, AR TR, TEIRTES ik
7 RNA-seq 45 7, 75 DDScore 51 DDScore FIFEATE G 2 FA QTR AE 3 R i 55
0 BRI R 220, H.i= DDScore 2 3 B4 & R /LI ATC BEA (K 3-5), #2
AN RSB A [ H R & F B B — Bk .

TC Array Data TC RNA-Seq Data

0.8
0.6
0.4
0.2

_02 |||""ll“""l“l||||||""|||"|||||||||||||||||||||||||||||||||||||||llll""l"""""""“""“"““““ '""""“I“"“m“""“l| || |““ III"“II" II“" | DDScore
I DDScore Group
||l I!IIII IIIIII III-_Ill_ || |_ Type

e A R }5_-'-‘la'= ST

H 'i'r\n:r:..-\.lz-"_'= e
"-lj--_\._ 1.1:5?_15__5-%?__ e ':
el et e - HiGhe

_l:- = o et B

£ :_r"'=-.i"' f‘ﬁ» ..;Jv"fjit"',*
"“f Eidasn et

DDScore Group
M high

B low

Type

W ATC
I PDTC

== Related Gene

M immune
metabolism

__j—— = Expression

-.'- ':25:!- 'Max

B 3-5 57 AT RNA-seq Al HRFAIESE R ROA A 50— Btk
FIEINEE AR DDScore. #4 & 7R TC {185 Fr A1 RNA-seq $df FHRFIESE R O RIE KT, 40
R ERIE, EOARREL . ISR DMFEAPTE K DDScore 7341V K TC ARSI BEAT I
Feo BERZILINRERAAEAT 7 hRiE, ROV RBARIER, O EAMOIER .

72305 7 Al RNA-Seq Z08E (0 78 3 Ak I, A FUisE— 0 Ak H ATC F1 PTC (1)
AT RNA 758 GSE1486731371F1 GSE184362[138),  LI#£%T DDScore 7F B4 g
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B i SRS O ol o AN AR Y BT A0 ¥ DDScore I TS H I (E DIAREE
ZAEA ) DDScore, A T34l T DDScore 7E X 4> ATC 5 PTC IR (B 3-6).
iR E TAEHFAE (receiver operating characteristic, ROC) BiZ& /3 #7145 5 .7, DDScore
TE L2 F s R R HERR X 73 ATC 1 PTC #£4% (AUC =0.824), #f—3P 4R DDScore
AERVEAL TC £ 7L B AT SEdE A

scRNA-seq (22 samples)

1.0

0.8

0.6
Il

Sensitivity

0.4

AUC: 0.824

0.2
1

0.0
Il

0.0 0.2 04 0.6 0.8 1.0
1 - Specificity

3-6 DDScore 7E F-4H it Ei 4 o i) P
ROC ik f@7~ T DDScore 7E AN EIREE P X > ATC FEA (n=5) F1 PTC ¥EA (n=17) KM
AEo AR M 2R 07 BoKs BRIy PR 4, HHZR 738 43 FITHIAR BN AUC, Ron TR HERfGTE, AUC
b, FRNER RS . By | — 4, WARERBHTER, BERRean®, wEmElE, MU
EONBUREE, RN EBHTER, INEE O R MR R
LR IR, 20 70% B A m AR 40 TC A, MR 4 i R B0 H L S N T
A D RBAT OGRS, MR PRmAE )y, R L p R AN 100 B — R B, AR
FEUEE T PTC 5 & M J H AR SRR AR B (3R 3-2),
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R 3-2 PTC Ji R FE R FE A s 46

GSE Number  Platform Species Used in This Study Ref
GSE66463 GPL6244  Homo sapiens 6 PTC, 2 PTC brain metastasis [141]
GSE202413 RNA-seq Homo sapiens 3 PTC, 3 lymph node metastases [142]
GSE151179 GPL23159 Homo sapiens 17 PTC, 22 lymph node metastases [243]
GSE129879 GPL15207 Homo sapiens 3 PTC, 3 PTC with metastasis [144]
GSE60542 GPL570 Homo sapiens 11 PTC, 17 nodal metastases [145]
TCGA RNA-seq  Homo sapiens 258 NO PTC, 254 N1 PTC [%8]

LB AT USSR BE 2 (1) DDScore, AT 78U 52 21 b 54 7 ANtk B 45 H R REA (1)
DDScore % i = T JR & R #E A (GSE66436 P < 0.001, GSE202413 P < 0.05,
GSE60542 P < 0.01, [ 3-7 A). %45 R 5 UAEH FUAHV & 15% 1900, BIEL R 1) 7 A Y
TC XL FEFE T i, R DDScore 1E VTl IR 26 /0 (WAR FE RO AT SE . 75 24 Hh 10
&, RAETE GSE151179 il GSE129879 Hdi4EH , FEA IR 1) 22 7 - A 35 (P> 0.05),
(R FEAAT I DDScore T J5 K IR %A . I6b4h, % TCGA #1436 A TC
BEA I A3 B4 R, 5 TR SR 8% (NO) BUREA K EL, 7748 X itk B 36 8% (N
[IREA B B 1 DDScore (P<0.05, K 3-7B). iXuegifiit— /R T DDScore
TEVPAS TC 2 i AR AN

GSE66463 GSE60542 GSE202413 GSE151179 GSE129879 TCGA-THCA
*EE ** * ns ns *
1 0.1 l—; — 0.00 - — 1
0.0 -0.04 o -0.05 4
o _g2 -0.05 o .
= - =] .
8 0.1 0.00 S -0t |
g 00 -0.10 g
-0.05
-0.2 -0.15
O s
-0.15 —
-03 0.0% -0.20
-0.06 EF
o4 -04 -020 ~0.25
T T T T T T T T T T D . E—
O W@ < (SIS SIS S NO N1
& F & F & 3 & 5 & 3
2 pod & & &
< @ @ @ @
l‘? ;\Q /& IG- f&
O QO O Q Q
N 1\ & & S
Q Q Q Q Q

B 3-7 AL BRI B S R FEA ) DDScore 22 57
(A) 5 NSRS PTC JFUABRFEA S HAZ FEAH) DDScore UL, BIHHE A DL bR
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~No (B) TCGA #7340 TC 5 & ME 5B AN DDScore LK. ¢ #%:, ns: P = 0.05, *P
< 0.05, **P < 0.01, ***P < 0.001.

CA B FUARTE 16 AN SCHR K HUR BR AR A D REHE R I K, M 1 FR R 4>
164743 (thyroid differentiation score, TDS), FLLEAL TC MR, [HI),
WA SCHEN (circadian rhythm genes, CRGs) WARAL A ATC BMEHEE KB SR
LD T 68 N A e (immune-related genes, IRGs) RGP/ #5 R AT
T TC MRS, ehh, I RN 7 8ANER (41 IGF2BP 1M
E2F7090) FE35] ATC HR FH# 7. ik, A#F7L4 T DDScore 5 FiR Uk %
I I FR AR AE X /R Stk TC 5040 TC HifitERE. 453 EIR, 7F RNA-seq
A e, DDScore REILH BN FERMTERE, H AUC 7E A B kT
0.8, THABIEARARBEEBIMBCR (K 3-8), %45 %KW DDScore /F & TC 243
TEFE P 0 T B ARt

i

I
DDScore 1 | (@ X A
|
Agrawal N et al. - TDS - ~+ GsEase30
| % GSE53157
Xu T etal. - CRGs { ¥ A0 — W Gse29265
| @ Meta Data
Wang X et al. - IRGs - X-tH A .ﬁé A Gse126698
| [{] A Data
Haase J et al. - IGF2BP1 1
|
Gugnoni M et al. - E2F7 [ | ® X | Ak
|
06 0.8 1.0
AUC

3-8 DDScore 5 HAt R BRE 7 A FE bR iR R E LA

if AUC 1 LLAE A R R A2 SR/ AR /R TC R/ TC Wit fE. P Aok B A FIRIE 7T
ffatn, MiRIRR AUC H, TIRREAFMEIRE, BEREBAF MR, K meta data 6
37 GSE82208. GSE76039. GSE65144. GSE53072. GSE111455 JG ¥4 . meta data 1%
FAREN S AR/ AR SR TC B3 E R TC. all data AL HEE AT RNA-seq 7E I I FTA B4k,
GSE126698 Jy RNA-seq ##i e, H ARt v #idli gk
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AW RBE— ST T TCGA $¥E+ DDScore 5 8 s 2 M KI5< & . T TCGA
RS ATC BEIFEA, H PTC B MRS, 73 LI 3 B A A7
INfIA/E 2% pidiabn, BRIAHT FE R B0 £ A7 4 (disease-free survival, DFS) #EAT 7
Pro M RERW, Hmi i) DDScore 5% () DFS A% (P=0.034, K]3-9), X
$£F DDScore HIFREA Y JZAE T PTC £ 35 JoIs A A7 30 7 T A {8

TCGA (thyroid cancer)

T (139
=
S 075
3
(%]
Q
o
“l— 0.50
Q
2]
@
3
= 0.257
e P=0.034 DDScore
— high
— low
0.00
T T T | T T
0 1 2 3 4 5
Time (year)

Kl 3-9 DDScore 7£ TCGA F{R e Hicis Hh 1) 9905 A0 18
Kaplan-Meier (KM) HIZEf@7R T ¥4 &35 43 Jvim  {IK DDScore PIZLS TG A A7 191 DFS X LEi% I,
Horpa il 26 41 DDScore 41 (139 AN, 16 (il 26 A1 DDScore 41 (258 A& # ). ikl
WG [E], RN AAE R 2 AR TR T XS (log-rank) 1331 P {H.

322 ESWUEBRECEET AR

H T AR B (13 e A A 5 AL A PR BT 2 B RERRAE AR PR B, TR B TR T
PESR B i R A AL FEBE B R AR TS0, AR, BRI FUKE 40 M B3 (R 3R TR R 1E
542 Z8 MR R MRS AT R A0S, BTk, AAF A H GSEA 77k, 4%
T T BEAR R 0 S8 1 15 AT HEAHDCHE AR TE TC i & A i S8 5 I OR,
T L 3R PR SR AE 20 A R BE ARG 1 755 DDScore ZHAEA 1 2.2 & 48 (NES > 1, Pagi<0.01,
Kl 3-10). & DDScore 2 % i bn S IE KR B, Foh S R gk
TRFNR I 25 DIAH IE ) MY C $E AR FHE I AR E 2% 1571 (NES > 1, Pagj < 0.01)
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Pathway Gene ranks NES P

adj
Wong DJ_CSR_signature . . ... - < 2094 <0.001
Yan X_CD133_GBM_Up wummu. . . . w275 <0.001
Venezia TA_HSC_cPsig mu. o 245  <0.001
Palmer NP_SCGs_replication mu.. 222 <0.001
Palmer NP_SCGs_transcription e i v oo S 188 <0.001
Wong DJ_human_ESC-like we———ow— ey 184 < 0.001
Ben-Porath |_ES_ExprSet2 mw w .. .. SR 1.82 21107
Ben-Porath |_ES_EXprSet1 s scecoi s imvmininmg 175 < 0.001
Palmer NP_metabolism ' == - o0 17 831070
Kim J_Myc e w148 1141072
Kim J_Polycomb-related factors * - - - 145 991072
Kim J_PrC Mmooy 125 251072
Kim J_Myc-related factors | . e 0.98 6.0-107
Kim J_core msiiw e L v 096 6.2:1077
Ben-Porath | ES TFs s ... .. e 088 72107

Hallmarkers of Stemness

Hallmarkers of Cancer E2F_TARGETS Mmmmummme cieee v 1 2,91 <0.001
EPITHELIAL MESENCHYMAL TRANSITION Bmimu e i, 2.81 < (0.001
G2M_CHECKPOINT Bmmmsusianes oo, 274 <0.001
MYC_TARGETS_V1 Mmmsmm s e ., ' 224 <0.001
MTORC1_SIGNALING Memssmmserrs v oo sy 2,19 < 0.001
MYC_TARGETS_V2 llmmmu. . . e | 213 < 0.001
MITOTIC_SPINDLE Mmmsimmssovse o omsimin | 2,09 < 0,001
ANGIOGENESIS '™ v+ v 189 111078

HYPOXIA D w4 87 < 0.001
KRAS_SIGNALING_UP Mm= e w4 87 <0001
GLYCOLYSIS Mmmssrmcvei - v wunay 167 1440

< »
>

Genes Upregulated in High DDScore ~ Genes Upregulated in Low DDScore

K 3-10 AR bR EE % GSEA 73 i

GSEA 7 b4 F R on T PEAE bR AR hallmarks S@EE7E TC I E G DL, BEFCAIZHIE log, 102
SER5H (log, fold change) HEJF 5 SR, 7228 BL R /R HE R 7E 5 DDScore 41 F i, AU Fif.
FRUEIL 224534 (normalized enrichment score, NES) FH T/ 5 3 PR 4 77 J2 R 38 Bichi v 1 % 42
FEEE . INES|> 1, Paqj<0.1 [FIEEE BN A T2 E E 1T

FONIS 7 53 A A B 40 M 5 A B A AR P 2 i R AR A B AR TR
AR FRIAUA S 3 T T TC B Bl , MEE TC X id i b i shas 221k
RS 43T ) 45 B s, MK T7) B DDScore #5F Fid FE R, TAAbR EFER MYC FI
POUSFI HZIE /KT 2L HZET E TS (B 3-11 A-C).
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A B MYC C
5.0 5.04 » 5.0 Normalized
4 Expression
o o~ o™ 1.0
= 25 = 25/ k{; = 25 -
g UCJ g 0.0
. !
g 00 & 00 g 00 “0s
€ £ o € .
[=] =] [=] 18
© .25 © 25 N ©-25 N
[ ]
L] \ﬁ L Il
-5.0 -5.0 . -5.0! L
-20 -10 0 10 20 -20 -10 0 10 20 -20 -10 0 10 20
Component 1 Component 1 Component 1

B 3-11 FRR e 25 40
(A fEFB F 320 TC Lokt AR sAER T AR 4, K e
DDScore FEA, £1{4 7% DDScore FEAL, (B). (C) 450 MYC. POUSFI 1f TC Ll FE
BRI R I EN S . BUEARERS z-score ARitEAL G LRI RIE R . §ikJ7 4 & 47
o R AR RI N 3 KT T B 4 1) 35— S B RISR Ry

323 ESUBRETIEZEDHNA
N TR) B4 e 9RE 5 AR AR P P IE 3 SR 2 TR R I AN FIFEFE I 25 5, T IR b 22 7
TR P38 S T IR (1 40 AL KPR U60 1610 etk ACHIFFE AN TCGA Bl P P L T
33 T fiRg 2R A2 10,000 MFEA IS IR IA R, IFTHEAEAFEATY) DDScore, A
7T DDScore 1532 I H STV /7 o 383 %5F EE AT » ASAIF 70 & BKT B ZH 24 f) DDScore
FART MBFE A1) DDScore (P<0.001, K 3-12A), X— &3 2% 7 5 Mg e
LK B ZE R G, 353 TCGA BT b s REW, bk
JiRe gk g, B[ DDScore 2 EFHEH (P<0.001, Kl 3-12B). IXLLHF5 45 4
7 DDScore FJ7EiZ Ji HH HER [ BFE A IR 43 A 7K P

v
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A TCGA B TCGA
— 0.75 kil
0.504 . s
0.50- . s
S o025 :
Iz} .
2 ! 0.25-
Q 000 ===
0.00-|
ozs] — .
L]
-0.50 . =025
No;mal Tulmor Early Stlage Advaﬁced Stage

3-12 DDScore £ TCGA ##f H i1 . H
(A) TCGA 33 Ffe fr xR ZH 4R 5 b FE A ) DDScore Lb#:. (B) TCGA AN[E A2 18] 1)
DDScore tL#i. ¢ fil, ***P < 0.001,

Bfif5, A5 H DDScore X &A1 IR B #E4T b, DAE— P I0uE
TEANF IR 2R b g S8 0. e, AT T &8 AR ES(E B ALIE . JE
N . R S 2 MR SR (3R 3-3),

% 3-3 AHFRINLIE TNM F51AE B s HuR 5

GSE Number Platform Species Used in This Study Ref
GSE4922 GPL96 Homo sapiens 249 breast cancer [162]
GSE43580 GPL570 Homo sapiens 150 non-small cell lung cancer [263]
GSE12630 GPL96 Homo sapiens 9 pan cancer [164]
GSE22780 GPL570 Homo sapiens 8 pancreatic cancer [265]
GSE45216 GPL4133 Homo sapiens 30 cutaneous squamous cell carcinoma [166]

T ROC MR T4 R, ASHIE TR G AR B AE AN R 1) S Rg 2R 2 eh A7 BAT
—E TN ST (] 3-13 Ao R ALE X 43 o BE M (AR AR o3 e Jgd A1 434 R 1
JMR J7 i, DDScore I T HEIERE (GSE4922 AUC = 0.934; GSE43580 AUC
=0.952). SR, TEREA R/ MOBIE S FIS ISR AR, DDScore (1R B 5 A
o [FIRF, IR HE 2 AR AN R AGFR FEERE AR T DDScore, AR 5T R IR/ AR
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AR AR ) DDScore i i F i 2 UAEA (B 3-13 B). _LIR&E R AW T
TC FHIRBAEWYI G, 3 —5 3R DDScore TERAAE AR 23 200 FE 5 J7 THI (19 T Sk

>

GSE4922 GSE43580 GSE12630 GSE22780 GSE45216
>3 3 2 3 3
2 -
-] AUC: 0.934 2 AUC: 0.952 2 Al 7 2 AU 3 AUC: 0.618
s AUC: 0.794 AUC: 0.746
? oz AUC:0.843 | 3 AUC: 0.743 it 3 3
° i) : RS Ve Mieteraten ° Poorly vs Well or Moderatel ° Pooriy{vs Well to Moderatell - Poorly vs Well to Moderatell
g I :G;gd‘ga :g ngg]&2 I : :Pouggv\;swemuerae Iy | g =Poorly vs Well or Moder ly g ~Poorly vs Well to Moderatelly: g ~Poorly vs Well to Moderatelly
00 02 04 06 08 10 00 02 04 06 08 10 00 02 04 06 08 10 00 02 04 06 08 10 00 02 04 06 08 10
1 - Specificity 1 - Specificity 1 - Specificity 1 - Specificity 1 - Specificity
B GSE4922 GSE43580 GSE12630 GSE22780 GSrI]ES45216
- ns o ns
® 0.10 .
3 005 o
%]
=] $
a 005
0.00 * 0.0
0.00
-0.05 04 .
& £ & £ & £
& & & & & &
@ & @ & < &
& @ & @ $ &
& 3 G & I
= = =
§ & &
Q Q Q

K 3-13 DDScore FAE R 25 A0 R FE B P REIRIE
(A)DROC 14 & 7= DDScore 78 2198 (GSE4922) - AE /N o fifi s ( GSE43580) .32 98 (GSE 12630+

fERRIE (GSE22780) LU EIRANfE (GSE45216) H4E rh it PEAE

ANFEFER ROC HiZ#E

DDScore 7 X SME A EEAR SAN R A K REA TR PR RE « (B 2 AP R AS [R] 43 Rl A FE 2
[d] (] DDScore tt4%. ¢ k554, ns: P = 0.05, **P < 0.01, ***P < 0.001.

R, 2 &3 220 0 B TS IIREI, AR FCIE L TCGA Hoiis e b8 35 IR
&R IBEA AT L 08T, ¥RE DDScore X R H AELFHITMIAE 1. SR ER, MK
THIK DDScore 7, HA % DDScore B8 E MG REZE (P <0.001, K 3-14
Ao JE— 255 AN 7 iR 2R AL 1) 43 At 45 SR 2 7R, DDScore 7EALHR B i €4, 48 i (KICHD
B R (ACC). FLME (BRCA)D 252 fis 28 L vh 35 vl {1 N TUs A= Pk &

¥ (HR>1, K 3-14B).
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A TCGA B ravor Unfavor
Prognosis “— —~  Prognosis
DDScore =— high =— low KICH |
1.001 KRP | —a—s
> ACC o
3 UM | —a—s
g 0751 MESO U a
] 1
& (3875) LHC | re—
2 050 KIRC |res
s BRCA ire~
= UCEC |re—
§ 02 HNSC e
© P <0.001 LGG  fe
0.00 1 LUAD per
s ; B 3 2 5 012345678
Time (year) HR (95% CI)

&l 3-14 DDscore 7£72 3 H 1) 7l J5 1 18

(ADKM HHZELEHE T TCGA 33 PSSR o iy ik DDScore P41 1) B 447 ] Coverall survival,
0S). HH, iz yE DDScore 4 (4524 AN, WA HIZE K DDScore 41 (3875 A
o Jo T HNIEI log-rank KIIAF RN P A MBI E, A EARFR. (B) HRkE R
IR FIR BT K DDScore 4041 B A AT LU EE B . U R TCGA 33 Pl 54
T HR KT 1 IR AL & —47 B8R T — Mg 258 rhis; DDScore 2H 51K DDScore ZH (] XU
Et C(hazard ratio, HR) K 95%E{%[X[A] (confidence Interval, CI), 43I HAILL B H R, #F
hForm CIEEHEURTEE . EEELF R HR = 1, fRELEFHM. HR > 1 ARMN K
DDScore Z, 75 DDScore ZH LT XS4 1 o

TC Jf U 5 A3 T I E AR, SR, S [ g S 2 1) 26 A0 AL R B
(K122 AT ARG RI T80 3R 1o AHT 7 A DDScore Xif AN [/ g S 70 () 25 70 AU R JEE 4T
LEAVEN . B TR TCGA Hok A Rl — 2R B (iR A% A (1) DDScore Y18, A5
SR B A [F) A SURIE I g R I AR A6 KE (B 3-15): SRIE T B 2H 2111 3 A
WA (KIRC) FE FLSARUMUE (KIRP), LA R I T i 2 25 f i 6 DR 4 ity
(LUSC). filiflgss (LUAD) %%, s DDScore; 1M AT 51l (PRAD). i
TR FRR (LGG) AIEBEZIE (SKCM) %%, T R H KK DDScore.
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_ n=77 n=38 -
047 UVM DLBC n=yp5 185
LAML

CS

Kl 3-15 TCGA 33 Fi A8 38 AL i) DDScore

M IR ] SRR YRS T Jie e = LR L R 2825 5 R X I ¥°F- 1) DDScore iR 1 HL T
BT 2. FRAMB IR R /R DDScore . BRI AR B EA_L 1 o B SRR AR R B IEAH
K, RIREASERZ , AH R BRI BR E . ACC: ' B i, BLCA: MR ES bRz, BRCA:
FLIE, CESC: BSR40 Mje A ey 300N i, CHOL: JHs, COAD: 45Wflfw, DLBC:
PRIER B At IR, ESCA: B8, GBM: IR BRI, HNSC: kS BHR 40 id) , KICH:
B e (4 e, KIRC: 'Bd AN , KIRP: W FLSR At s, LAML: ZikfE & A M, LGG:
KGR Jed, LIHC: AF4ufefE, LUAD: filifiefs, LUSC: JWSHiR4u/fE, MESO: |8 &,
OV: SIS N, PAAD: R, PCPG: W& 4N HyR A EI P2 1798, PRAD: Ri%|IRE,
READ: HliE, SARC: W, SKCM: KB ZERE, STAD: H, TGCT: AATEA
ffpsE, THCA: HURARRE, THYM: MR, UCEC: 15 W, UCS: TEERE, UVM:
1 267 15 PR R 3R

e [ %71
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3.3 BRBREESHHMESENHIT R RN

TC £, SRR IE AR BN . S WO 2 Fh f 2 40 i
Ji, E IR PR A R F DA B IR T i I8 RS o 2 O B AR U7, RN T R S TR
55 TC 3 HARFS ZIRI IR 56 F 8 A #a7m 5s 1 2 A WL SR AL T RO A
331 SUEERAEERDFEER T HARZEEEES

AT REZETR S GBI R, AR TR xCell THH TC i) e 4
NRIE L. 4R EoR, K DDScore ZHHRiFNE (naive) i) CD8' T 42 2 & 4k,
ifj 155 DDScore ZHH M AEAEHL % (1 BAT S ik AE I Th2. BRI LA K ki 4
Ak (B 3-16). Th2 4@ =4 IL-4. IL-5. IL-10 F1 IL-13 Z540ffd 7, {2t
TME )5 RS, 5 Bl it eg 4 ik i e 28 2 0 1) M s 11681990, M2 7Y |5 e 4 ff T
A0S B LA A S R ] G 28 SR, SR Ra A i ) A A TR B, 8 e g 114 G g2 6
e ge 070 N2 A e ML B T eE i e e e A U TR BEAS TME v )47 8 4
P I R R A UL,

I, AT o2 WA FH ) NK it 7E b R AR RE A b = D7) B A
fa, TME HA7E7EZ PRSI NK 4G LR R 3, Etél. IDO1 /v T B E R
AR B R PR B « 7 IR P04 0 T PR SR04 T B 31 T R A ARG/ A 0 Ao Jif g o
¥) NK 4 s DA S8 AT FOR s 4 M R R A DR o TC 14 3 A RES RE i 6 2 40 B 1
TME a0 A A, AR/ AR 23 A e e e b Tt e 8 R i 4, 3 i s Ml e PR YR T 7
SR o

50



£ b H K X FH T F LB X

TC array data

i r | " CD4" naive T-cells
CD4* Tcm )
| || I| |' IIII hl u 1 CD8* naive T-cells Normalized Score
‘ || || L Mast cells -’
1111} Il Plasma cells 05

1]

|| ||||| I | 1 B-cells
||" 1 Basophils ] 05
I | CD4* T-cells -
1 CD4* Tem
CDS’ T-cells DDScore
l| CDS* Tem
| l I Class-switched memory B-cells M Low
] Bl Eosinophils
Memory B-cells M High

IIIIIJIIIILIIIIIIII II lII-IILIIILI B T

[ ] (A Srovp
||| | CD4* memory T-cells !
CD8* Tem M Low DDScore Sig Up
ns
| !i! lll 1
Macrophages
ﬁ ‘mi | q’ Macrophages M1 [ High DDScore Sig Up
Macrophages M2

Monocytes
Neutrophils
NK cells
NKT

pDC

pro B-cells
Tgd cells
Th1 cells

| Th2 cells

| rm | lu'w

K 3-16 . fik DDScore ZH [ 4B A 55 43 #r
I xCell THE TC FEAF I REERIETE L. IEIAZIL z-score ARifEAL f5 1) S % 40 BRI =5 B
A S M AE = . I DDscore ZH ()22 44 4ifa 73y 3 38 1K DDscore A 22 B (4h0);
i5 DDScore ZHH 22 Bl G PATLHIEZER OKED.,
KA — DR TR T UMb SR FEPHEET TC BEARIFE T b7
S5 RKW], BA % DDScore HIFE A FE3E 1T 70 B E G, H DDScore 55835 1F 70
Z AR IEAR (B 3-17 A-B).

A * kK B E
. 1001 R=0.56,P,, <0.001
0.91
$
ol b o
3 8
- 0.6 ot DDScore
© V.01 o
% ‘g . low
3 3 .
g = g . high
w 0.3 [ ) w
[
[ ]
- - T T T T T
Low High -0.25 0.00 0.25 0.50 0.75

DDScore

i 3-17 DDScore 5 T 41 FE38 -7 #0514 /0
(A) FZKEREIL T &+ ik DDScore HFEME P/ I3 AT, ¢ K%, ***P < 0.001. (B) A
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f) DDScore 53 T 4iMI#EH#H VP> Z AIIAH R IERUR B . Hrh B4 SR BANREAR, Bifhdor
DDScore, H\G#FER T AIMFEETES o L0EOLLBONLRNE IBR I A2, BRI IR B S X
). Pearson AHR LRSS, PIHZ BH K IE,

G B RIE R AE AT FE TME AP e 40 AN e A7 1E 5 1) S A 20
€. i DDScore 4 H AT M5 £ — RV G & AH IR B3 (P < 0.01, & 3-
18 A). [AIY, AR A piAH S HE A (1) 3814 5 DDScore =i EAHIE (P < 0.001,
/<] 3-18 B). i 324K PD-1 1 CTLA4 fEEt 5 T 402 i (O FL AR 45 A K B
T 40 3P, 338 T 061 S 8 I B » HAVCR2 Al LAG3 2 55 2 (1) 5 0% 1 15 M O 52 4,
TE T 240 B A8 v A0 JiRg S e o) o A OBV P o X BB PRIy 1A 3R BH =7 DDScore 2R
A7 5 i P R e 1 I AL PR BB

A

*kk *kK *k% *kk *% *kk ek

| - % o[ S| oosee
BT 2| 48] Li)| 2d [ do| 2=

Expression
[=2)
[ ]
o0 @

CD274 CTLA4 HAVCR2 LAG3 CD160 CD244 TIGIT

DDScore

. e s A
bl TR te . N
i PRI =
D A L YT . A
) R = \
; e
o
= i,

25 50 75 100
CD247 Expression CTLA4 Expression HAVCR2 Expression LAG3 Expression

3-18 DDScore 5 G A A s 5 PR R AH G4
(A) G P55 f7E %1 DDScore A DDScore 2H 1 IAE HL. ¢ K58, **P < 0.01, ***P < 0.001.
(B) ka2 M K %1k 5 DDScore AH I B B DL R 3% BE M 2 ] . % B2 ] Jg 7= T DDScore
NI PR e i B AE AN [ X I s A B, i i R ) S (I R B %5 BT, o v A W X I
5 AR o RN RE T AN [ B e AR R AN R] 1) 43 2HL, 416755 DDScore 2H., #1411k DDScore 4.
Pearson AHCTERE S, P {HZ BH fZ1E.
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332 XSRS TILs FiEmE D

JiRE I AR EE 4R Ctumor-infiltrating lymphocytes, TILs) & S i@ i) — AN &
TG MR USRI, TILs 10758 20 A 5 g g i S o A O, ol e s
P A BB 2 O, G S TCGA 1) H&E B ARG i T
TILs [ SAGEHE . 2T 7 FH BRI A M4 %, SR E TCGA 13 FiA[FIZEE, &
5000 {51l 8 (1) B A A D) i WA SRR EAT 0 A, BEAR T REARIY) TILs 25 8] 3 A7 F
FENTT, XEbk, ASHR TS0 T B Saltz 55 AT TILs BRS & 2 (Rl o Adi = (18] 3-
19A), ULEEiE . ik DDScore 4H TILs 75 W] 4047 J 2 5 1 22 5

C LUSC
Low DDScore

High DDScore

Brisk diffuse Brisk band-like Non-brisk focal
Non-brisk multifocal None

@ Tumor cell
@ Lymphocyte

B . STAD LUSC LUAD COAD BLCA PAAD SKCM UCEC BRCA CESC

: H e --‘

Low — High Low — High Low — High Low —» High Low — High Low —»High Low —High Low —»High Low — High Low — High

Percentage

[ Brisk Diffuse [ Indeterminate Non-Brisk Focal | Non-Brisk Multifocal Jl| Brisk Band-like

3-19 TCGA HfH . ik DDScore 2111 TILs %A /3 A i X
(A) Saltz 25 \5E PRI ELIH (TILs) A A AFRAE A E . (B) ##E DDScore
K53 4153 T TCGA Bidfa G TILs 2% () 73 A AR . PR AN RN I AE AN [F] DDScore
HIIAERT LGB AR A 245 108 5l T MK DDScore 2 2 5 DDScore 20 A [F]12: 1
BB, (C) TCGA A AENER LUSC TILs B, EF#70 N HRE (FRAK-H
21 EMg, FREER A TIL B B i R, 20 REER TILs fA7E R IX 8, W ERERBA TILs
PEHLMAA X IR, BOARERBA AL XK.
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S5 R EoR, 51K DDScore HJiYEIAHEL, = DDScore ZH iR 7 H BB TILs %
JZ, BB TILs =i (B 3-19B). ¢/ fE STAD M LUSC H*, & DDScore 41
PR R RN IR, UREU” (brisk diffuse) SERIRE (F /D 30% 0 iR X 3850 A5
A TILs) K ELBIAT B B (& 3-19 O A “ ARG ER . £ 444 ” (non-brisk multifocal)
220, BP TILs PR A EREIE 5% /NT 30% e X 38 1) LU Bdi i o J ol
i+ {K DDScore 417 TILs )23 (B0 AT 2257, SR & AU i 5 H A e A B 2 )
FAAEF BT AR .

34 BRIBRHBEMSESUEERZEEX

i TR T 5 3L A U S I % L R % 30 B 2 B R 2k JR DA A P R e IR
O 14 S DR 2R 0T8T i e 240 2 o A ek R R AR AR A AT — AN R A 7R A BR R AR AT
$ o AT FUIE I XA [F) AP BIRE AR R AEREAT 204, BRI 25 20 o A2 i AR
AL .
341 ARESTURZESRRBRAER R K IHFHE

T CVF 2 WA U8 e AR, 7R A B B2 SR P ASEADL A i LR AR
YIRS o, B T IR MR 38 &P 20 B Compass!! *I7E H24H g 4
EERFR LM KT AR S R, FEEUAS T RO R TR AR « A SO I vE
B2 e B R B, B ATHEE TC RS b BARACHT SR e o 38 AR5 i )
DRl e e e B DR s L AR S e e B VS 2 5 TR (R AR ES s ARAfF S AE L SR T
FIRFET TC B E AL

FIFH Compass T H 135 Recon2 ¥ 2 14880 A= A4 S A BRI S vk
(Bl Compass 1343, @it 541 K DDScore 411 2598 AMZ Oy NG Z 5, K
51K DDScore ZHAHLY, = DDScore 44 A4 AR S 1 2 I T ERPRAS (& 3-
20) . 7£ 5 DDScore 2H 91, P2 A1 K [ 142 IR 18 #% (alanine and aspartate metabolism)
(¥ 22 AU S BEEE E O o SRR E B S B AL T TS AR BN R, T E N =R 12
fIEFA (tricarboxylic acid cycle, TCA), At ae & LA K& & s Al fr & 7790 . K&
HR TR A B R AYR, 5EiatEr IR (nucleotide interconversion.
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pyrimidine synthesis. pyrimidine catabolism. purine catabolism) <, F.7E& 4L
K H9BE L FeRe . iR S A i AR . AN, MR A RT iR KRAS. PI3K
A MYC SRR R AT BRI SRR IL, (A3 SCRpAZ T IR A A, 17 v 2 L 5
W EEE I R R UL, [FIRS, = DDScore 2H BT (glycolysis/gluconeogenesis ) #E5HE
fXf (sphingolipid metabolism)~ H M BN (glycerophospholipid metabolism) %
AN I RETE VR A BITHE I o 33X AR A A I I TR S R S A B L b TE 2 AN
[ SUR: 2 5v)) (PN

Vitamin A metabolism e o L)
Valine, leucine, and isoleucine metabolism - ® @ ¢ oD ®ewee L] [ ]
Urea cycle e o o s S MBSO
Unassigned - L] S MGG W B8 &
Tyrosine metabolism L] ¢ @sec amWw®Ne
Tryptophan metabolism+ . eo 8 GO o® ]
Tetrahydrobiopterin metabolism * o0 - o ]
Steroid metabolism 4 oummms ene
Starch and sucrose metabolism + aomess & o
Sphingolipid metabolism ® me e e
Pyruvate metabolism 4 ®ee © o000 o
Pyrimidine synthesis - e o0 ommmoee
Pyrimidine catabolism L ee o oo amoeses e
Purine catabolism se e csemmms oese &
Phosphatidylinositol phosphate metabolism - e ocs so®
Pentose phosphate pathway - o0 o0 NGO ® 00 ¢
Nucleotide interconversion 4 . o SoBCNMMIBGIES ©O ¢ ¢ &
NAD metabolism * e o®m o0 =
N-glycan synthesis - o o
Miscellaneous o e o e sceo see e o Change
Methionine and cysteine metabolism 4 e o0 o - .
Keratan sulfate synthesis L 1] ® high
Keratan sulfate degradation o o o low
Inositol phosphate metabolism - * wme sswen
Heparan sulfate degradation ®
Glycolysis/gluconeogenesis [ ] -oEnesne ° L ] Padj <0.1
Glycine, serine, alanine and threonine metabolism L] ” ¢ oo e L]
Glycerophospholipid metabolism ¢ @emeeme o0 o NS
Glutathione metabolism+ ”w oo - ee @
Glutamate metabolism-{ ee @ o eses e
Galactose metabolism . ] e o .
Fructose and mannose metabolism - [T TTY ¥ 3
Folate metabolism- e @ & ¢ O O BED RS W
Fatty acid synthesis - L] e o® o ®e o
Fatty acid oxidation | L a— .
Eicosanoid metabolism 4 essee e ® oe®m o o
CoA synthesis ee o soee
Citric acid cycle e o weseee o o
Chondroitin sulfate degradation+ -
Cholesterol metabolism- e o o @ e o L
Blood group synthesis L X 1]
Bile acid synthesis | e S0 ¢ CONEDWN WIBS
Arginine and Proline Metabolism + e meos o oo
Aminosugar metabolism+ L] sestee ©
Alanine and aspartate metabolism - e w@ee [
. -2 -1 0 1 2
Low High
Cohen's d

K 3-20 1. & DDScore 4% o S N3 1 2 7
¥ Compass ¥ 78 i} 45 BEFEAT B SRR HE AL AL B S , 1521 F T VPAS AR B B i 44 1) Compass 734
It 8 3t o FH R ARG 36 AT Cohen's d B203 047 i /K DDScore 2 H AR S S 51 (22 5 Cohen's
d &1k 5 DDScore 4151% DDScore ZH[#) % 5 K/N. Cohen's d > 0 H Pagi < 0.1, FIZNALEH
DDScore 217514 ¥ 5, Cohen's d < 0 H Pug < 0.1 JUFR /R 1% NAEAK DDScore G PEE 5. K+
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215 JSARRAE 1 DDScore R R ST VRS, W € 2 R AE(% DDScore 4185, 1M 2K (44
W FRHH 2 AT BB 2R . Wilcox Felfy, % BHKIE.

FESE R T AR 22 S I At b, AN T — B4R T O ARBHRARLE TC iy
W o W T g R R A e R R (AL R R SR OB E T o AE SRR AR RE A, W]
N2 1) P 3 B e PR X 5 (F 321 A), 55t i vh A 480 W PR S o i R O T
FEEER 3. TCA ZREEARWI FLIRTT, ZARBHRAR Hh ) DR - 57 A1 I 1 Sl
IDH2 AT A B S A T S A TR AR o TR 38— R ) S 2, E 73 A FEE ARG R R AN o s B
NIEER (B 3-21B). h4h, SRS B & RO f# 2 X E 2. Compass T
Mz RER, EERIERRET, 256N KYAT1 FH A0 RS ATE =
DDScore 23 5 i, 812645 1A I8 2 1) 19 00 R e 5 20 B 2 A A R AR G . [
I, A7 ST TR A PR A% O B T Bl R U AR e 5 R B CPT PR A P S S 410 623 B9
(B 3-21 C)o T HARERE A AL Y8 TPO S H s S UZEAIE DDScore 2H 7 B EER (1A
321 D). ZE L4EHREW, . K DDScore ZHAFA B AR [H A HTAFAE -
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A B
Glycolysis/gluconeogenesis Citric acid cycle
25 - 254

glucose-6-phosphate
isomerase (GPI1)
20 20+
phosphoglycerate mutase
—_ (PGAMT) L]
T
@
N pyruvate dehydrogenase .
E-’ 1 5 (PDHX) enolase 15 ¢
o (ENOT) .
‘5,’ L-lactate dehydrogenase’
2 1 0 1 (LDHC) -‘ E;?g;ipg:zly' 1 0 T Isocitrate dehydrogenase (IDH2)
| 8 (PoaM) L
5 . .‘ 54 fumarase (FH1)
. e L
g )
of -~~~ °°° e ®T T T T T T o4 T T T T TR T T T T T T
-2 -1 0 1 2 -2 -1 0 1 2
& 5 < 3
< > < »
Low High Low High

Fatty acid oxidation 05 Amino acid metabolism

25 1 . . i Kynurenine-Oxoglutarale g
Beta oxidation of long chain fatty acid thyroid peroxidase T KYATT
(ACAA1B; ACOX1; EHHADH, L] * LTPi: L-a\;;f:;’::i\[mase '
HSD17B4) L]
20 - § 20 (GPT; GPT2) A
L]
. . Valine, leucine, and
fatty-acid--CoA ligase ‘ isoleucine iransaminase ° ®
(ASLT) (BCAT1) ‘l
’_?H? 154 [ ] 15 1 ®  glutamine-pyruvate *
o camitine ‘ t‘ transaminase (10157_pos)
— O—pa\miloyltransferasem ® glutaminase ;’ﬁ‘:’:‘y’;mm
S 10 @(CPT1A; CPTIB| 10 4 . 6Ls; GLsz) \§* B (ipor, 160z
i [ ] CPTIC) ‘ arginase 0o
o o Iycing and serine
' ' (ARG1; ARG2, p
TO % ;i':s‘;':rz;zz‘ﬁ E‘;EHMTT..S ?HW?;
51 Y ® (CPT1A; CPT1B; 51 o
CPTIC) TC)
° ‘asparagine synthase
L — ——— - _ _ ___J)] L e eeaa =\
0 . 0 . phosphaserine phosphatase
PSPH)
T T T T T T T T . )I T
< 5 < 3
< > < >
Low High Low High
y '
Cohen’s d Cohen's d

K] 3-21 #i. fik DDScore 4 AU AT I B P 22 7
(A FERE AR IR A B (B) ZRIRIEH (O IRITREA (D) 2 B R AU %1% . a1 DDScore
H 51K DDScore A2 7 K/~ YA BH AL IEG ) P {H. MEZEFRIR Pagj < 0.1, Cohen's d X
T 0 H P /M T 0.1 f{3K 5 DDScore 4118 #5775 14 =1 Tk DDScore 21, Cohen's d /T 0 H
Pagi /NT 0.1 MIZRIRIZIBEREIK DDScore ZH AT TE o DA S B A R A 12 s S PR BRI )
FEDRIFE B bRt
Wkt L ah R, ARWFFRIRTT T HEREME (glycolysis). BEMRXHEIEE (pentose
phosphate pathway, PPP) UL} TCA 3&45 FIA I 1 AT 1) 28 175 50
R T e 240 P L5 ke R FH B B AR ke T 5, (R TR AR B A S M R I
5t . = DDScore 4 H 2 AW R AR S NI ZE I H TG PR BG 5k, [ ISR 8L Bl 1) 2k

SRl ES PRI
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B & 3-22). Horh, BEREAROCHERE MRS HK2 . PR BRIV PKM )31k e H
AR S N 2 R B0 H B 2 TG PE 5, (HK2 Pagi < 0.05; PKM Pagj < 0.001), %453
FeoR, AR BEA IR e o B MRORURE I e ke 7 A= i it R I N B I

Glucose

GlycolySIS Hexokinasel CTIHK2 *
Glucose-6-phosphate

Glucosephosphate |somerasei = GPI ***

Frucose-6-phosphate
Phosphafruclokinasi [ PFKL **
Frucose-1,6-bisphosphate

Fructose-bisphosphate aldolase
'lr ALDOA **

Dihydroxyacetone *""-_-_—'-»Glyceraldehyde—3—phosphate
phosphate USSR D SOmeiaseN Glyceraldehyde-3-phosphate
Cm TP dehydrogenase
¥ 1 GAPDHS ns

1,3-Bisphosphoglycerate i

Normalized Gene Expression

10
05
00

) 2,3-Bisphosphoglycerate mutase
2,3-Bisphosphonato-
BPGM **

glycerate
Phosphoglycerate Kinase’lr Il PGK1 ***
Cohen's d

4 significantly up in High DDScore

2 3-Bisphosphoglycerate phosphatase
= B 4 not significantly up in High DDScore

PGM ™ 3-Phosphoglycerate

Phosphcglyceromutasei [ PGAM1 ***

2-Phosphoglycerate

Enolase;}lz- ENO1 ***

Phosphoenolpyruvate
Pyruvate kinase‘r [l PKM ***

Pyruvate

Lactate dehydrogenase Hl LDHA ***

Lactate

P 3-22 I AAA U A2 1 v M L g ) 5 PR 20 22 5 2 A
BRI A A2 1) o A S L o 87 Sk IR 7 1) s AR SOSE PR 7 1), IS R AR Y Compass JIr it 5
(AR S PETE =1 - 1K DDScore 22 [A11#1 22 57, 41657 Sk /R TE 5 DDScore 2H HiZ B 245,
2K €5 i Sk RN 1% R N TE iR DDScore 4L A 3 Bifl. WG UONREMARR R N . F4 K
FORMEACEE— 25 ] B T N SE R (0 SRR M, £ A0 E 5 MK DDScore ZH A1
DDscore 1 [{J3R1A & 4{H . limma moderated ¢ £ 5, 4 BHAZIE, ns: Pug = 0.05, * Py < 0.05,

*%Pag; < 0.01, *** Pyg; < 0.001,

PPP 55 W P ff AH TSIk, P 5 SE 52 rp (8] P2 00 85 46 Bl - 6T IR . 75 /%) DDScore 417,
PPP Z AN My tEE N (B 3-23). {HSFERERZ, BT PPP BB, bk
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5-T%l& (ribose-5-phosphate) & JlAH % 1 2 AN 7E 1 DDScore ZHAF A HH R ILH 5 Oh 2
FH) FIARIE . XFE/R = DDScore 4 H R IEg 40 i AT BRI I 5k PPP VE 1, 1Rt
VBRI E IR R, i 2 oy R 5EET K.

Pentose phosphate pathway  Glucose-6-phosphate

Normalized Gene Expression

glucose-B-phosphate dehydrogenasel 1 H6PD ns

6-Phosphogluconolactone [ Dy
6-Phosphogluconolactonase l T PGLS ns >
I -1.0
6-Phosphpgluconate
Cohen’s d
Phosphogluconate dehydrogenase | 11 PGD ns 4 significantly up in High DDScore
J- 4 not significantly up in High DDScore

Ribulose-5-phosphate
Ribulose 5-phosphate 3-epimerase  D-Ribose-5-phosphate ketol-isomerase
m 11 RPIAns
RPE ns ! \
Phosphopentomutase

Transketolase Xylulose-5-phosphate Ribose-5-phosphate — Ribose-1-phosphate
FREgMITT

T TKT *** o TKT ** &
Nucleotide

Transketolase
Frucose-6-phosphate /\

Glyc?WSis Sedoheptulose 7-phosphate Glyceraldehyde-3-phosphate ----. Glycolysis
Glyceraldehyde-3-phosphate

Transaldolase 11 TALDO1 ns
WT - 4/1\-

UGS Erythrose 4-phosphate Frucose-6-phosphate ———.-..-....... » Glycolysis

Kl 3-23 WL RE AT B V5 il 1 B R Rk 22 e o0 i
BRI AR AR R A o i kAR I B2 JT 1), BES s IR DDScore 41 8] ARSI 22 57
2L 7 SRR TE R DDScore 2 iZ B R G0, 11K (i kRN 1% R MAE iHy DDScore 411
A B WETARIIMEA R S 8 . P BRI RE— 2 S N g I xof [ 35 [ ) 304 B
YIME, £ AHLE 55 MK DDScore 41115 DDscore ZH )R IA & #){H . limma moderated ¢ 1556,
% BHIE, ns: Pa = 0.05, * Py < 0.05, ** Py < 0.01, *** Py < 0.001,

BEREAE AT TCA PRI 2R MG A BAF AR LA 78, SRR A 7 i Jed 48 i
BAEMAY S B RBEHESE . NEERR & TCA FEIA ISR, v TCA T
SRAUEREE AN G B 5 I R AR . BT SUR I, e DDScore ZH H £ e g A= 1 7 A IR
RS SEE 1 S 2 5 . AN, Bk CoA ZE R R AE s DDScore ZHH L1, LBt CoA
b J5 5 L QIR EE G TR TR (B 3-24), SCRPAMuThRefIcE&. ok, BRAERRJE
R LW CoA W] IR £5/45 R 8 1 O L i (2 3t ATC R gLl
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, Isocitrate E@ IDH38 ns
IDH3G *
isocitrate
Cis-aconitate dehydrogenase
Fatty aCId P yeroe a-Ketoglutarate
"""" . [T JACO2 ns/aconitase DIDns
. a-Ketoglutarate % ns’
dehydrogenase \ PDHX
Acetyl-CoA Cltra‘;‘e Succinyl-CoA  nomalized Gene Expression
citrate

Bl[AT s s = synthase Succinyl-CoA EE gﬁglfg; ns ?

EBHM ns Synthetase [ ]

POHE' . 05

POHX ™ Oxaloacetate Succinate 00

Pyruvate Dehydrogenase malate succinate -05
Pyruvate B JvpH2 N dehydrogenase dehydrogenase 1o
A SR -
' Malate SDHC ns Cohen’s d
; fumarase SDHD ns
GIyCOIySlS K:::‘— Fumarate 4 significantly up in High DDScore
[CFH 4 not significantly up in High DDScore

3-24 ZRRIRAEINI S SLE 1 55 g P 2 R 0 22 57 o i
TCA R R . FikdR AR B TT 1], B s I DDScore IR ARIHEE2Z 57, L0 (0HT
kIR TE Er DDScore ZH W% s MR G 58, K (05 Sk RN 1% R NAE iy DDScore 4 HACH T2
A B R RTINS A Y A N e S Rl . BRI AR 28 SO R B TR
MR RIS EIE, . AALE 27N DDScore 4HA11E DDscore HMERARIIH. limma
moderated ¢ 38, 22 BH fZIE, ns: Paugj = 0.05, * Py < 0.05, ** Py < 0.01, *** Py < 0.001.

342 BERAREESESUERERX

NTFHE TC RS A R IIAZ ORI SUSE, ABIF 5T 15 44 e FEEAH DR R AR R
[ (Spearman FHRMEAMET 0.98) &IFNITTIBL, FFATCIR MG HHA S 2
AR BEEE R P AL B R . BJS, AT JC R DDScore HEATHH OGS HT
FEREOR, ORI (tryptophan metabolism) A% i #41 (transport, extracellular)
#1215 DDScore MR (r=0.76, Pagj<0.001; 1=0.74, Pag<0.001), TR
FRACHT (tyrosine metabolism) I 5 DDScore £ fiAHIE (r=-0.59, P.;<0.001, & 3-
25A). MREIZ IR R E R R IZE E (solute carriers, SLC) HEBEN T 1EN
REEMNBEHFEEAREL —, SLC MXIRS 52 MR M ELsH, (E40M0E
TR AR B TP EAME S T RS G Y. & DDScore 414
o B T8 AR 1 v 1 5 L S TGS SR I 1) v e SR — B AR, R R AR
WIS AR BB S, GSEA 4 R B R Zi@ s iG e . ik DDScore 2H
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B TR ER (NES=-0.98, P.i=05, K 3-25B). #t— PRI IEREH, B

PRI £ BRI —— RIREIRIE 12 /E 5 DDScore H B E T+ (NES = 1.54, Pugj =

0.06, Kl 3-25C). M5 70 IR UAH SC I % 2 R A £E 5 DDScore 435 1% i 3% T~
(NES=-1.43, Pg=0.08, K 3-25D).

>
o

Tryptophan Metabolism

Transgort,
extracéllular !
o 021/ :
0.5- b : High vs. Low
. g Tryptophan J ) NES: -0.98
- metabolism ook - __ . Adjusted P value: 0.5 _

Tyrosine ‘
g ~E
metabollsm,_:,-“?-,\.,- ‘

N I

20 0 20 Rank in Ordered Dataset
Signed -Log,, (BH-adjusted Wilcoxon P value)

Running Enrichment Score

I
o
a

1

Spearman Correlation R with DDScore

O
O

Tryptophan Catabolic Process To

Kynurenine Tyrosine Metabolism

o
(o]
L

0.1 4
0.0 __li_ e _Hi_gh_vs;LEsw_
: e NES: -1.43

High vs. Low .
-0.14 . Adjusted P value: 0.08

NES: 1.54
Adjusted P value: 0.06

o
(o]
L

§ -0.24
-0.3-
€ -041
To-==========-= -05-

L [ ] T L

Rank in Ordered Dataset Rank in Ordered Dataset

o
N
L

Running Enrichment Score
e e ¢

»
Running Enrichment Score

e
o

K 3-25 ARligieiE 5 20 R BEAR SR 0 A

(A) JuRIM5 DDScore [AHIGHEL s Bl . BAIR RS Ik DDScore 2H 70 R BEiE 1 22 7 53 BT () Pag
fH, YHh%E~ Compass 13555 DDScore Z [ilff] Spearman #HEZ %, B SAREX TR
R, (B) BRI, (O BEIR-RIRARMNRG LI (D) ERZEAGHE %K GSEA & %0
gER, Hop, PR E 155 (enrichment score, ES) FfiJEEHERA (ARG I . Bk ATER
RZE AT R AR 2R, PSR ES. 1§H )yl K ES, 1E{HIERRIH R /£ = DDScore 2H
HyE T B, FUE RN/ R DDScore ZHAREME N . SRS B I B 4K H B
TR RIFE AR R P R P AL B . PRI R R IR B L, 203 R AE R DDScore #H7))
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tigeik BIRIGIEDE, B (U FRTE R DDScore 41 ik FIRINIED . 4443 SER ) ES ARiEAL
S ER A B S B IO BRAE L B 450 B0 NES, P S M ER NG NES 35T 4 BH R IEIS 1Y Pug
{8, P AT 45 2 DR 1 3 B S T SEE . INES|> 1, Pagi< 0.1 fREER A A2 035 5 4R 1)
.

MRYE AR A, A FEHENIEAR/ AR A B g i)t i #2 v, G IR P R
EEME. Fk, AT B#% T . K DDScore 4 (2 IR /AR & 4
T RPBIEEZE R . 5 FIR GSEA T2 SRARRE, BEIR-RIRERRARUIR i
YEAE = DDScore 2023 i, [FI IDOI #1 TDO2 Kk F+m (] 3-26 A). IDO1 fE
NEERRARGHI AR T OCHERl, L TE 1 9 P R I R O B R e IR 18, S —
JiTH 5 RIRERERE W E TG, TR C R AR (A S 1 76 R 4L ) G Y 3 22
(] 3-26 B). iX— KSR, TEZr AL A, e 4 Al v] f e 456 14 b 1 5
FRARHDR AR T AR E 3, DOE R A KRR SR I 2 P 7 oK

A Tl'yptophan Metabolism Normalized Gene Expression
ws 1.0
Tryptophan 2,3-dioxygenase g-z
Indoleamine 2,3-dioxygenase Arylformamidase 205
Tryptophan . N-formyl kynurenine —— kynurenine &-10
i DO ] AFMID ***
TDO2 *** Cohen's d

4 significantly up in High DDScore
f not significantly up in High DDScore

i A tic L-Amino Acid Serotonin Hvdroxvindol
oxygen oxidoreductase D:;:fb:xyla Srglno ci Nestyltensiorase O)fmfl?;,l;:r; :_ferase
Tryptophan — S-hydroxy-L-tryptophan — Serotonin — N-acetylserotonin —— Melatonin
TR e ~DDC *** AANAT *** 1 ASMT

B 3-26 (B S BR AU 14 5 S 1% 1 15 Pl 1) e R i 222 e 49 BT
(A BEIR-RIRERICEEE. (B) MR- LR ORRIEIRE. f kiR m, B
A K DDScore 411 ARHHE M2 57, 406 83k EKRTE = DDScore 41 H11% J% B i 2 1 7,
2K €6 5 Sk KN 1% R N AE 5 DDScore AR % Fi. BIFPARARH AT RN . 85 G ko
PAH R SR o #A BIFR R A — 25 S S T B R B R s M, A A L 7 B A
DDScore #1175 DDscore 28 ()2 IA BE, [N bRy 15 BRIFRIE 7 773 i) P {8 . limma moderated
RS, 4 BHEIIE, ns: Py = 0.05, *** Py < 0.001,

1145 2 70 AR FE SR 0 A T U IR A i 42 U AE 5 DDScore 2H FP i 1 18 25 PG
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(Bl 3-27), WTfE 5023 % 2R 5% Ak o FOIR IR 03 1) il — — R g S840 ) i
(thyroid peroxidase, TPO) HIFRIA T IHA K. BEZRANKEERL S R H BT 7 ) —
BB IR, 2 A R IR IR 1 DB i A o PR IR 1 A = i T 78 2 It A
SRR SR IR SRR AT RS, R, BRI AR 10 = vl e 5 AR FE AR Y TC
o HOR BRI R KA O

thyroperoxidase thyroperoxidase thyroxme

[l TPO™** [mm TPO™* , o
Tyrosine——» 3-iodo-L-tyrosine——» 3,5-diiodo-L-tyrosine —4» 2-aminoacrylic acid
| | thyroperoxidase

thyroperoxidasei o TPO ™ cheg-sﬂsni%camw up in High Group
I:- TPO*** 4 not significantly up in High Group
Normalized Gene Expression
2-aminoactylic acid 3,3',5-triiodo-L-thyronine ]
05

3-27 BREER- TR BRI AR AR 1R S ST 1 5 il 1 2 DR 308 22 5 4 M
M g~ FR R AR R A2 B AR S RP B . i Sk fas AR N J7 [, i 91 ik DDScore 41
(B ARG T 22 57, 4L i Sk 3RRTE S DDScore 4 H % S I S 35 385, 11 K (4 1 Sk R amiZ N,
fEs DDScore A ACH W2 L. BIFPORPRE AT OB i Cr R A AR S B il A
RN — 25 s B o) 82 () i () B DR Rk B3, Ao A AL E 73 i I DDScore 41
DDscore 1R IAE{H. limma moderated ¢ #5536, %4 BH /&R IE, *** Py <0.001.

3.5 HURERARSEMRR &R HEYE LR

g 3.4, AWFFAIH Compass BAFI TC HLRARBHNENE, FERINAET L
FEFEBURH) TC A, Z/MRBHRAR INE I K AE T 384k o iR A 23N 455 e 2
BBy, 6 G AR A5 2 PR AR ISR AL, TR, ZH KT TR0 45 SR 5 i 4 P )
HSAR KT Z B AT e A — 2 I ZE 5 AR FUAN IR A0 7K ST F e 0 4 ft b €5
R AR HITE e, AN AR L ATC 418 BHT-101 F/06H) PTC 41 KTC-1
AT i A 2 AR 2 2 0 HT

351 HREFSTBRERBRSUEAREIRABEXERRIE LA

RNA-seq 70 M4t R4E77 KTC-1 1 BHT-101 fE4:% 210 LB #2257 . 7 BHT-
101 ZafEH, 3647 2094 AR I FRBKF B3 Bif, 2893 MEREFRIA T (& 3-28
Ao BN BRI 2 e B D AT BUSRHIEEE S (Oncogenic signature gene sets)
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BT, 4R EIR, BHT-101 H B2 RN 2 #5485 MYC i £EH K18
H (MYC_UP). KEGG AU HE [ 5 4R 70 Hr 2 W) b 1 22 S 2k R A € R AR A
(tryptophan metabolism )i % H1 2 & F 45 . 1% & L 45 R 5 Compass T A 45 R — 3,

BE— RS T O BRAE LR EE U TC g ERYE (18 3-28 B).

A BHT-101 vs. KTC-1 Top 100 DEGs B MYC_UP.UP{ @)
MEK_UP.UP @)

Change ® u» Mo @ oo log,(TPM+1) IE P53_DN.UP O
Down (2893); 1 Up (2094)
- ' 1

IL2_UP.UP
LEF1_UP.UP
HOXAS_DN.DN-
LTE2_UP.DN-
BMI1_DN.UP-
IL15_UP.UPA
NFE2L2

GeneCounts

QO 20

O a0

O so

GeneRatio

I 0.06
0.05
0.04
0.03
0.02

o
3
o
@
[}
2,
o
@,
a
=
ol
=
@©

S

Tryptophan metabolism 4

Arachidonic acid metabolism
Primary bile acid biosynthesis 4
Taurine and hypotaurine metabolism+
Fatty acid biosynthesis {
Pantothenate and CoA biosynthesis{
Pentose phosphate pathway 4
Histidine metabolism 4

Glutathione metabolism 4

Propanoate metabolism

-log,,(adjust P)

L&)
v

PDREN]

00000000ee

-10 5 10 A A
(VANPEA
log,(FoldChange) < BN
25 50 7.5

—iog, (adjust P)
Bl 3-28 BHT-101 1 KTC-1 4H /il 5 [ 5E (R 3R A 22 57 4 it

(A) BHT-101 55 KTC-1 B[R 72 7 o0 #r 1L B R 72 e BRI gk 3 ] o e L BRI Al AR 2 26 o,
)2 54 (logafold change), HHhFRIR-logio ¥ G Pagi . 206 AR AE BHT-101 1 3
FAAMEER, W KTC-1 B3 FRIEER, IKEHTEZ R iR . 72 53K E SO Pagi <
0.01, Hllog, fold change| =1. Al EIAZE 5 i KK 100 M & EIFE BHT-101 1 KTC-1 T4
&, n=3. (B) BHT-101 H&.3 M2 AL R DhRE E S g o SURIR T 43 AE B0 FFiE 2
H4EF KEGG Rt 2 035 B4 MAT 10 5188 . Bl N-logio 58511 Pag H, MR/
R RN 2 e B R, U AR B R B2 I 11 25 S R TR i B S PR Py L 4

R, (S RSB S AN K7 BHT-101 0Pt 52 Fif (B 3-29). 5
GEO #4l5 % TC 4H R /KT 45 R AR )2, BHT-101 F1 K &3 IDO1 =ik, (H TDO?2
Fik/KF L.

SRl ES PRI
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TRP

IDO1

.. 1002 Normalized TPM
| E
EE--
N

TPH1 E
TPH2

™
O
A
N

~
2

Y
&

K 3-29 KTC-1 #1 BHT-101 7 o5 Ba A C it il 2 14 7K ~F
HEFIR KTC-1 fl BHT-101 FEZEE (TRP) RBIHHREEL I z-score H—1b 5 I FRIE EIMH,

n=3,

AN, AR T BHT-101 5 KTC-1 ZHifEF# 4 f# . PPP. TCA. BXE RIS
KRR EE P BN IZEAMRIEER. £ BHT-101 40+, ik
) 2 ARSI L R Rk B, 5 Compass TS 2 45 s —20 (K 3-
30).

PPP TCA

H6PD .- PDHX

.- PGLS .. ACO2 Normalized TPM
Blreo  EElOHIG B
rRPE  IRjoLD :

L R | ERE 2
.. TKT FH ij§
.. PGM1 MDH1
.- TALDO1 1Ry
~
S

TPO

K 3-30 AFEMCIE AR FR AR BET B A 3 PR FR I 7K T
WE R z-score FREALALTEJS , KTC-1 1 BHT-101 U BE 2 f# (GLY ). BElE 12 1812 (PPP).
=RIRIEIR (TCA) KEYEIR (TRY) HHREHECEF R EEWME, n=3.
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352 RBAZFSRPRRBRIUEARPEERLZARB“HDSETH

AR T sz WA= P ) B S AR IR, SR T 40 M A SR IR S B g i Fe 1) K
A TR B 0 € B R S FLAR W = i ) 2 SRR AR 4 %%, DA€ BHT-101 Al
KTC-1 4l b i) s AR A E - (&) 3-31 A-B).

100
329
J BHT-101
e e e Tryptophan
290 3.00 3.10 3.20 3.30 3.40 3.50 3.60 3.70 3.80
1004 3/28
j KTC-1
0-r T T T T T T T T T T T T T T T T T T Time Tryptophan
290 3.00 3.10 320 330 3.40 3.50 3.60 3.70 3.80
B 100
=] 271
/\ BHT-101
e B,  C i, . Kynurenine

271 KTC-1
0 /\ 1ime Kynurenine

||||||||||||||||||||

331 GARREY & R R R

(A) BEEE (B) KRG ar R m B . W EDeh I [ SR I 1], B ARAR St M
BEFETT AR BRE J5 H WA 70 IR FEAR B IS AR IS 1], o0t 124 Qa4 ) g o FEE 4

S5 R3RY], 78 BHT-101 4Hfg, & R-RIRERIEAE 2 MBS & & 1 W]
ZTE (P <001, B 3-32A-B), X4 R 5H13CHF AR A REA (2 1R
ARUFE R LA S AR ) 1 208 O E p — 80 i, (AR R, R ARk
JEAAL 2, RIRERR IR EEAE BHT-101 Al KTC-1 Z [M]EI W] B2 (P > 0.05,
K 3-32 C),
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A Tryptophan B N'-Formylkynurenine C Kynurenine D 3—-Hydroxykynurenine E Nicotinic acid
1000 —** kx| _ns__ * o5y Xk
0.03
o
= 2.0 ° ° o
[ 20+
8 7504 . 094 o o
s 1.54 0.02 15.
= 500 o 0.6 o
7 10+
£ ° ° 0.01
5 250 0.5. 0.3 5]
2 [
04 0.0 0.04 0.00+ 04
_ T L —_— . r BN B E—
KTC-1 BHT-101 KTC-1 BHT-101 KTC-1 BHT-101 KTC-1 BHT-101 KTC-1  BHT-101

K 3-32 tER-RNRARR BRI &

(A) 7. (B) N-HIBRERIRER . (C) RIRERR. (D) 3-BHERIRAM L (B) MHRRTE
KTC-1 # BHT-101 40P i) & & PR | g b iR & & (LL pmol 1), 1RZ4L
BRGNP EE AR . AR5, ns: P = 0.05, *P < 0.05, **P < 0.01, n=4.

sk, R M aE KRR, BHT-101 FEER- AR OISR = EET

W (E 3-33), AREH AR ZE T IE T Compass FyERI TN EE R, 5 RNA-
seq M7 45 A BLAN 7R

Serotonin N-Acetylserotonin N-Acetyltryptophan
03] = 0.0054 S 020 o~
0
3 00044 045 . .
02
S 0.003-
% 0.002 ° 0107
E o1 -
5 o 0.001 0.05 4
: ]
2 00 0.0001 0.00 4
t—
KTC-1 BHT-101 KTC-1 BHT-101 KTC-1 BHT-101

3-33 MR- TR Al & &
BRER- TRl E P IMiEER (Serotonin). N-ZBEIMIEZR (N-Acetylserotonin) DA N-Z. P~
B (N-Acetyltryptophan) & & . HAHACEKE H 740 EE (pmol). RZEL TR
AR EEAAEIR . (485, ns: P = 0.05, **P < 0.01, ***P < 0.001, n=4.

353 GRERRIZFHIGIFKBRA R 57 L A ARIETE H 5 S MR AR T

AW T IS #e s A A A AL 2 0 B, RBR 7046 BHT-101 48 i o (2 B AN
WA R o i JRd 4 38 i Y FE F A S i (R, P 3 B (= IR B = 3R 858 X AR
WP YI4E TME i) 23R CHGIE T RERS T-90 T A0 IR ZhAg. 2810, ST IRAE
TC Bt wE T+ AR
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SR T A BRI A L PR, AR TR € RIS s
FRAMLH BHT-101 4100, 5540, (ammds S80S/ MAIE R R
MK T T B TR (I 3-34).

Relative Expression (2-24¢)

104

SLC1A5

I

TRP+

*

TRP-

3-34 T RPN (R IR ds MG Q2R R A 1

20+

154

104

5,

0_

SLC7A5

x 0.005+
1 0.004-
0.003
0.002-
0.0014
0.000-

TRP+ TRP-

IDOA1 TDO2
ns *
0.100+
I I
0.075-
0.050
0.025-
0.000-
TRP+ TRP- TRP+ TRP-

1=t
R

0.204
0.15+
0.10+
0.05+4

0.00-

i

AFMID
*

I

TRP+ TRP-

SEAREFRIAE (TRP+) MEZMRFIZFH; 7% (TRP-) KiFF 48h J5, RT-qPCR f&ll BHT-101 4 fiE
W E IR AR G R RIAE L. K58, ns: P = 0.05, *P<0.05, n=3.

A, 83 CCK-8 AMIMGAE L, AHEF KLk = (BRI, BHT-101 ZJf
(R 5E e 0 s (B 3-35 A) . B — B id i 4l i 4 P ASC A o D0 4 e P 3
oL, SRR, CERRAFEEEHE T BHT-101 40 TR (P < 0.05, 3-
35B-C). bRSEIR 45 RAEoR 1 OVEIR A AR 7 D1 SRR I e 4 Jfa A A7 AN G 5 v )
KEEEH -

A 2.5+

2.0 1

1.54

0OD450

1.0 4

0.5 1

TRP+

TRP-

0.0
0

n=3,

T
24h

T
48h

T
72h

TRP+

TRP-

qa3
026

=
Lanand

10’ 3 GE S s
i 1y 2y
. Ut
i, S
s

107 £

O :

0o [l ol B
o

- 8

o0’ 4%7

33
0 m‘
L> Annexin-FITC

K 3-35 R IRRIR

(A) BHT-101 4iffifE A R 78 /2 (TRP+) FIEERFIZF (TRP-) 4 F FHMARE I EL . 9
N RE IR SR (OD450) . (B) AR TR R . (C) AHME T4 I Ge 20 HT 45
B G BUER RS P HEARER . ¢ K856, ns: P=0.05, *P<0.05, **P<0.01, ***P<0.001,

1=

20 BHT-101 358 FE T

oY

1] m‘
L> Annexin-FITC

(@)

Percentage of Annexin-v+ cell

(4]
o
1

[}

'S
o
1

w
o
1

N
o
1

-
o
1

o
|

TRP+ TRP-

SRl ES PRI
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3.6 MYC BE &S EEH SLCI1AS, SLCTAS F{Lifll§ AFMID &
ik
PBERAE AT AT 5 AU N B kKPR O B DIAE G, T e so/K P52 el s
[Al-f- (transcription factor, TF) FJIi#E. TF BEWLma N 40 AN ANE 5, W tIiRzES
(AR, RS )RR e FE R e 5% . PR, IR 5 2 IR A 2 2 AH 5C 1) %
B TF, W] 54 [ Hb AR 25 2 A R B0 R T AL o

36.1 MYC ESHIEBIRAHELRDEY LA

AHF TR viper B AF 4 H < (K DDScore ZHiHAT TF {&EHr, LUREAEAF 2
WAREE TC HIFR MR R T o viper I VEAY TF Frifi42 102 K4 (regulon, 4%
T B, ATHERHERT A T4 300 A TF BIEHEIRSS . M4 R EIR, &
{ik DDScore ZH2 8] TF ()3 PER I B2 2251 (& 3-36 A-B). ik DDScore 4,
HHEX Rfifmiidtt: (K 3-36 A). MATARIEN HHEX 7] 428/ 4 ia 7R 1
Rk, BT TC Mo,

51{% DDScore AANA], & DDScore 0 A B =& LM TF 1, ZANHERE T
B 5 R it A % (8 3-36 B). FOXMI {E# 1 20 filt \ftg it ik, 768
N B A S AR AR 2 [ R (S AR A USS), MYBL2 55w BB 43 50 JA 2 IR AR
SRUS6l MY C 5 X 2 G P A 28 o e S 1 P A ORUST), TWIST W 7E 045 O 50 . i
B1) [ I JER s 1 P 1) 22 R e e 1) AR 28 15 2 % R B A 11880,

TF (75T IR L EEAE . AR SR 40 25 A0 A2 v B o S Bt 19
TF, AHEFC53#T T % DDScore 24 m M TF X4 MIAEAFRE I msem . R
DeepMap %45 PE4R (i (1) CERES WM EAFERS, AT KM MYC X TC FI4 17
s K (CERES 73-%i< -1, & 3-36 C).
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A Low DDScore B High DDScore
HHEX 21
FOXM1
2 PBX3 MYBL2
) ARID2 g MYC
8 ATF® 3 TWIST1
- 1 FOXA2 =17 TEAD4
8 S
5 S
o [}
Q. Q.
@ 04 o 04
el °
[} [0}
N N
© T
E -1 € 14
(o] o
=z =z
I I T 1 1 I
0 100 200 0 100 200
Regulons Regulons
C .
0.0 “ N

CERES score
L
o

I I I I I
FOXM1  MYBL2 MYC TEAD4  TWIST1

K] 3-36 =i+ 1k DDScore 41 A f4% 3 R s P
(A) {ik DDScore ZH#1 (B) f& DDScore £HH ¥ K ¥ (TF) W& M. IR bRkl )5 1)
W IO RS> (regulon specificity score, RSS), ML EMYE RSS X &% 4 AEA i
BAF-R4% 1 regulons HEFF, 0 & AL iid thdR s (1 5 ANk R T T AR, (C) TF 7E TC 28
Jfo 22 1) CERES 4777 . CERES B AIGFE 7 hil 53 122 35 PR o) 410 6 P 520 BE K

3.62 MYC 5&a8BEEMAXHEREX

SEI 3.5 B o HUIR B 40 M R I FE S A 25 o b 5 48 H, 5 KTC-1 AL, BHT-
101 1 R R B3 | A R BR AR MY C AHOC BB . A BT FE R I MYC
PARH I R b AR S AR U, X — S5 RARMEAWT ALt — PR R MYC 5O RE
I AR (B T REAFAE A AR o AT SC R SEEK 28 FEEAT 1 HHOCHE S0 #T,
DR BRI G EE R S MYC RIBZMMRR. 4 REH, MYC 564
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R (%5 8 1 SLC7A45. SLCIAS MRS TDO2 &8 EM>* (E 3-37). It
Ak, MYC 5 RR- AR IR R A F B TPO 2 Ak,

MYC Co-Expression Gene

Top 30%

Rank = 613
SLC7AS p=0.0213

ACAT?2 Rank =670
p = 0.0279
Rank = 1622

SLC1AS '~ ¢ 0859

0.5 4

Rank = 1943
TDO2Z 2 0249

Rank = 2024
KYNU ;" 0.0687

KMO Rank = 5688
p =0.2269

0.0 1 IDO1
Rank = 2331
p=0.0724

Coexpression Score

TPO

Rank = 15543
p=0.1487

-0.54

1 T 1 T
0 5000 10000 15000
Rank

Kl 3-37 MYC 50 R a MR JC R R FRR A oG 1%
SEEK ##i firh MYC 5 HAMFER H A M EUAE . OV EER S MYC Z IR 3L RIA 73 4
(Coexpression score), MHIAFRIRIEIEF S5 MYC HFRIE /- HORATHE T Ja rI2EET » HL5RiK8 5
otk sy, 1ZIEK S MYC Z A R MR . R ARyE 7 BRI S R W HEF (Rank)
FHRAE P 1B
AT —PUEE T 9 MEFE/ARR MYC BIERFRE R, DI MYC ik
TR JE R IR IR R (3% 3-4).
34 RWFANE MYC b/ P E R 4R

GSE Number

Dataset Data Type Type Ref

Number CTRs / Cases
Data 1 GSE106869 Array Daudi cells 3 Ctrl/ 3sh-MYC [190]
Data 2 GSE68219 RNA-seq  Colon carcinomacell 4 Ctrl/4si-MYC [191]
Data 3 GSE196323 RNA-seq  SUMI159PT cell 2 Ctrl / 4 si-MYC (192]
Data 4 GSE196323 RNA-seq  4T1cell 3 Ctrl / 6 si-Myc 192]
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Data 5 GSE106312 RNA-seq MDA231-BrM cell 2 Ctrl / 2 sh-Myc (193]
Data 6 GSE143517 RNA-seq  HelLa cell 3 Ctrl / 3si-MYC [194]
Data 7 GSE124909 RNA-seq  NUGC3 cell 2 Ctrl / 2 MYC knockdown ~ [199]
Data 8 GSE196323 RNA-seq MDA-MB-436 cell 2 Ctrl /4 si-MYC [192]
Data 9 GSE39218  Array IMR32 cell 3 Ctrl /3sh-MYC [196]
Datal0  GSE143254 Array Osteosarcoma cell 3 Ctrl / 3 si-Myc [197]
Datall GSE87693  Array HCT116 cell 4 Ctrl / 8 si-MYC [65]

S R /R MY C IR SR T 45 SRR, MYC RiE NG, SEZMRAEAHE
KB A SLCIAS. SLC7A5 VA RAREIEE AFMID. KYATI FRiA W 23T 7 18 3%
(& 3-38).

DataSets

NC 1 4

NC 2 4 Y

NC3{e Y

NC 4 4 °

NC 5 - °

NC 6 -

NC 7 - °
NCSsle
NC 9 -

NC 10 - °

NC 11 -
KD-MYC 1 -
KD-MYC2{eo® @ .
KD-MYC 3 - oo . '
KD-MYC 4 4 .
KD-MYC 5 [
KD-MYC 6 -
KD-MYC 7 -
KD-MYC 8 -
KD-MYC 9 -
KD-MYC 10
KD-MYC 11 4

Correlation R
[ ] o e L] ® -050
® -025
@ 0.00
@ o025
@ oso0

Normalized Expression
- 2

3-38 MYC KIA N XS R % 1 AR AH DG L PR Rk 1) 52

MYC i bt/ BB B b (0 s AR AR SS R IR 308 S L 5 MY C IR SR M. RN R MYC
SAAREE PR [ RIE A RN ¢ KA, BIERERETT z-score FrfEfLARRE G, AHNIZE PR O RIE

=

EHo
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3.6.3 MYC 5&E#iEEER SLC1AS, SLCTAS RXHES AFMID BaiFRE4S
(551

R TR MYC 5 GRS AR [ ARG, (2 MYC b 2R
AR B B AR VRN L M AR B . 8 TIRIT MYC 2 B3R o 2R AR AR DG [,
KWEFAH CUT& Tag A2 H1 MYC 7£ BHT-101 A1 KTC-1 40 5 €0 s B A A
FERME A . g RER, BHT-101 1 KTC-1 2 8] i) 22 506 3 B i T3
R E 2h T IX 4% (B 3-39A). M KTC-1, MYC 5440 1L ) BHT-101 402/ )5 30
TREGU LR (K 3-39 B), SHISCHhAHH @ viper il MYC # 5
TFrEE g R 2.

A B
O Promoter (<=1kb) (65.48%)
B Promoter (1-2kb) (6.55%) 400
O Promoter (2-3kb) (3.63%)
B 5 UTR (0.05%) BHT101
O 3'UTR (0.87%)
B 1st Exon (1.3%)
O Other Exon (1.08%) 200
@ st Intron (4.38%)
@ Other Intron (7.03%)
B Downstream (<=300) (0.05%) TC-
O Distal Intergenic (9.58%)
3Kb TSS 3Kb

3-39 BHT-101 F1 KTC-1 Z [A]ff] MYC J#i& 1 % 5
(A) ¥ BHT-101 1 KTC-1 H(12% S 5HEFH F S EFIIRE e B0 R, X2 F gt
ITVERE, Gtz g oA thtl. AREE R REARAF Mg ot . (B) KTC-1 5 BHT-
101 4, MYC 7EJa 8T IX 3k (3 aihr 25 TSS +3kb JEHE ) ) Reads %50 fii . $idiE i@
i RPKM (reads per kilobase per million mapped reads) #£470H—1k, n=2.

S, AEFFEEE T MYC S50 CER ML A 45RER, ER
SHEE) BHT-101 ZHurh, MYC 5 R izt H SLC145.SLC7A5 MACEE AFMID
BT X RS G REE R (& 3-40), Mt BRAE RS Es IDo1 M TDO2 A3+
X5 MYC B RLEA. Bk, MYC w] 38 i 5 i € 500 (412 S sl o 4 e =R
PRI 5 SR M (2 SRR 1 AR AR
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SLC1A5 SLCTA5 IDO1 TDO2 AFMID TPH1 TPH2
[0-745] [0-1289] 0-26] [0-28] [0-1932] 0-15] [0-44]
KTC-1 Rep 1 J ( ] ‘ \ “u
‘.."M_M.&M." i lh ]\H \uh "ull“h " |M||||| \Ju\”ul “ A m x U‘ ul || ul.lm Mh\“lﬂlﬂ“.l
[0-745] [0-1289] 0-26] [0-28] [0-1932] [0-15] [0-44]
KTC-1 Rep 2 } ] l ‘ i i
Aad ol || o b vt [ dui vl || ' iy I“MMU uuhmlm
[0-745] [0-1289] [0-26] [0-28] [0-1932] [0-15] fjo-44] |
KCT-1 1gG L l ”
o |V N | [ | il .Hl (T
[0-745] [0-1289] [0-26] [0-28] [0+1932] [0-15] 0-44]
BHT-101 Rep 1 J M
LM uhdJmmMm.NMI e s Wil |
[0-745] [0-1289] [0-26] [0-28] [0-1932] 0-15] 0-44]
BHT-101 Rep 2 “ 1 ﬂ 1
AMJ .lmﬁ.H b s [ 4 oo b HWAMMMLLMMMM
[0-745] [0-1289] [0-26] [0- 23] [0-1932] [0-15] [0-44]
BHT101 IgG
. ki b salin ol Ll .hunu‘\ ||| bl i il
trans | BHeeH-d Wb el B || P - [ eI
[N e (== fh--kE R [ | T b bk deed || B

K 3-40 MYC 5 (0 & B ia AR A I A 5 3+ [X
B e E A ARREGAME SR TG HE, trans ARFRXT NI R ) % A 20K

A HN

RMYC 5XNEREEES . SHSHE 2 MEMES, 1gG AR,

BRI P HIE T b MYC HIFa AR . 458 RP, MYC £iA NG,
BHT-101 % SLCI1A5. SLC7A5 M1 AFMID AR iE KA T (& 3-41 A-D).

A B SLC1A5 C SLC7A5 D AFMID
OK{G% ] = = o034 1
&ﬂﬁ@ & . .
SV &Y 5
7]
MYC E S 8 4 o
I =
& 0 0 0.00
< A YA < A 1
s\\“\‘ R @40*1 5‘0“1\“4\-{C’i“${c’% gw“““qGiﬁ-{G%
= ) = )

B 3-41 ek MY C Jmxt 2 IR F2ia 81 1 AT g A 52 i

R B EEA

(A) Western Blot # i f% MYC J& MYC HIZE HAHXTEE . RT-gPCR &% MYC 5 (B)
SLCIA5. (C) SLC745 LLK (D) AFMID i) mRNA /K°F. ¢ #65%, ns: P =0.05, *P<0.05, **P

<0.01, ***P<0.001, n=3,
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3.7 Pl SLC1AS SE B HBEIETERISSF MYC KA T

MYC HIANTT 2k — B R a7 vh A B R AR ™ 2 f i e IR R R i T
Yo FEVRER ) MY C % FARIEAE, SET A LR fVE T HE RUA AT e L2000, £
RAIRNE N T FE R L —, AR MYC 2. 28000, #hxt i Ciate
FIS<HENE IDOT AL IR PR b IR BLIFATARRON, S0k, A7 i T
T € U R Y 3 1 R T R T R 140 SRS

3.7.1 Hif#ESLCIAS RIASHESBAH~YT A

A SR R R L RIFE KTC-1 A1 BHT-101 40 (%A M. @it
RT-qPCR /3£, 5 KTC-1 AL, BHT-101 #Hfierh SLCI45 R NEZE (P <
0.01, Kl 3-42).

—~ SLC1A5 IDO1 TDO2 AFMID
L *k * * *

& 207 0.005+ 0.100-

= J 0.20-

§ 154 0.004 0.075-

2 0.003- 0.15-

£ 10- 0,002 0.050-] 010,

L

o 5 0.001 0.026 0.05

% 0- 0.000- 0.000- 0.00-

o KTC-1 BHT-101 KTC-1 BHT-101 KTC-1 BHT-101 KTC-1 BHT-101

Bl 3-42 AN[R] 3 AR FE 1 FROIR e 40 M v € 2 IR s A 2 R R A 175
RT-qPCR b4 BHT-101 #1 KTC-1 H 2 FRAH S B H sk o ¢ ks, *P<0.05, **P<0.01,
n=3,
(R, ASHIF AR T R B% SLC1AS () BHT-101 Fa % 40 i3 5 . mit P& SLC1AS5 ) BHT-
101 FafE 40 &= b SLC1AS MoK R2E T (& 3-43),
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g 15+ *%

& *

5 =

5 104

o

i

2

S o7

-

7]

]

2

g 0

[ (] P %’L
e“x\ O\Pg’ O\Pg’

A% \\5\,

K] 3-43 mii[% SLCIAS ) BHT-101 &£ 400 R 04 2
RT-qPCR il % SLC1AS J& SLCIAS 5K o ¢ K%, *P<0.05, **P<0.01, ***P<0.01,
n=3,
NBAE T SLCIAS 3Rk o i s A CHITE PRI RE 0, AR 7tk B R P A5OR B
HH sh-SLCIAS #2 [ H o WA BEAT 48 ) s IR AR AL 22 0 M. S5 RRD, T
SLCIAS J&, @R R IR AR M T O e A s = ) & B3 T % (8 3-44 A-B).

A

Tryptophan  N'-Formylkynurenine  Kynurenine L-3-Hydroxykynurenine Nicotinic acid
ns ns 34 0.054 o
o ° ° ° o °
Tt.'; 7504 0.044 754 S
c ° 1.04 2
S 5001 o o 0.034 504
= o
E 0.024 o
- 0.5 1 %
S 250 254
£ 0.014 o
[= %
0 004 0 ﬁ 0.00 0.0 @
S a S o S o S o o &
s W s & & A s A s X
5 o S © S o 5 o 5 &
NS NS NS Ng &
9 g K 9 &
2] 2 2 2 oS
5 5 5 5 @
B Serotonin N-Acetylserotonin N-Acetyltryptophan
— 0.0025+ ; 015 —=
® 0.0020
2 104
c 00015 0.104
2 o
= 0.00104
E 051 0.05
] 0.0005
: il
0.0 B8 ¢.0000- 000
L
S O o O o
5 & 5 & S
Ny X Ny
N 2 N
[2) [2) 3
5 & 5

K] 3-44 T i SLC1AS5 %F BHT-101 7 &4 B S it ) 52

https://www.cnki.net
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(A BF - RIRAR « (B) (R IR H 2 @ ARl =& & - R 4x & &,
NN pmol/BE B A . IR EL TR TN AN FIME bR, 4856, ns: P=0.05, *P
<0.05, *P<0.01, ***P<0.00l, n=4,

3.7.2  SLCIAS #3752 Behyed 40 Bra 3 5 o 55 H- (R EE AR A =

/NG 2 )RR AR ) e £ B TR R SE (AR o A SR SIS . BRI, AR
FUAEH SLC1AS 57 V-9302 #E— B4R 58 1 401 SLC1AS5 ikt BHT-101 HI50 .
X AR EE, V-9302 {43 BHT-101 ZH i seFE 2 H R F% (P<0.001, &l 3-45A),
HT-FR BT (P<0.05, E3-45B).

A * %%k
100
Q
®©
X 754
=4
2
g 50
2
o 254
(=4
o
8 o S
| T
DMSO V9302
B DMSO V9302 _ *
B by 2 o2 3 60 o100
13 5 202 +
>
74 <
x
ot 4 2 40 Q
: <
" z
2 20
g
o4 @ o4 Q3 <
a® iaas 197 a°® i:?s 257 8
5 0
o

A b o
T—> Annexin-FITC T—» Annexin-FITC

K] 3-45 SLC1AS5 #47) V-9302 5201 BHT-101 40 i B8 A 1

DMSO V9302

(A) FEFETE RS V-9302 17 (15 uMD X BHT-101 FI35EE M. (B) 4 1A
V9302 #ifil %t BHT-101 J 5401, ¢ A%, *P<0.05, ***P<0.001, n=3.
373 BEERARS MYC ZENERIRAETS

YE RN TR, BRI N YRR, & B R R s 2 25
Wi, B2 x5l — RAFEFIFRE IR . BRI, ASHIEF0 70 710 (0 2 IR < A T Al
% SLCIAS [ BHT-101 #4T 7 #FH 553 H1. RNA-seq &R Ew, 7HlH 612 Al
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TR B X F R F AR X

1332 N ERITE (AR FR R A1 shSLC1AS B4 Eif, 799 Al 623 ANFEAZE B & 1R
FIZFF1 shSLC1AS [ BHT-101 F Rl (& 3-46 A-B). [ SLCIAS5 fE O RFZFH AN
% SLCIAS HFIA N4, SLC745 MRAET il (K 3-46C-D). M4 NEAMY

&, ORI SLCIAS F£ik NN, MYC AW NE (K8 3-46 E-F).

A TRP- vs. TRP+ B sh-SLC1A5 #2 vs. sh-NC
: Down i Up
6
o
3 Pie '/change A
E -.'. «  Down
o o No
2 -
T
-5 0 5
logz(FoldChange) logz(FoldChange)
C SLC1A5 SLCYA5 TDO2 AFM ID
125 * ns ns
400 © o
100 » 30
E . o 300 »
= 50 ' 200 ] o
25 100 i qff
0 T T 0 T T 0 T T 0
TRP+ TRP- TRP+ TRP- TRP+ TRP- TRP+ TRP- TRP+ TRP-
D SLC1AS SLC7AS5 TDO2 AFMID F MYC
* kR *kk ns ns * %
200 400 o 50 o s00
150 300 o 40 9
= 1.0 s
& 100 200 %0 o200
0.5 20
50 - 100 10 100
0 T T 0 0.0 T T 0 T T 0
ool % o % O %l < 2
o ar® & O\F&’ oV ar® oV ar® R
o o o o v
o v & v &

K 3-46 O BE#IZM SLCIAS £is N AN RERRIEE R

o

(A) BERFHZF (TRP-) S5 /E (TRP+H) &4 i BHT-101 BRI ZHEIEZ F40h7 kil &
(B) #F% SLC1AS 5XTHEA) BHT-101 FE R FRIE 2 7 o Hr Kl Bl . B8R logafold change, 94
SR IR logio FEALJG B Pagi (. (C) BWEIRFIZFA (D) Hif% SLCIAS J5 BHT-101 & iRf4iz
AR IE R R IE DL (B) RRRIZFM (F) fiff SLCIAS J§ MYC KiklEHl. TPM:

Transcripts Per Million, & F /3 #5544

0.001, n=

30

t #56, ns:

P

= 0.05, *P<0.05, **P<0.01, ***pP<

https://www.cnki.net
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AR T ERRHF G MYC I, DL e BRI MYC
Z A RE. gRRE, ARRRFE MYC K& T (B 3-47 A). [, T
SLCIAS J&, MYC Eikth &4 T (B 3-47B). MELHE (CHX) iBEsLi R,
ERIRRIZF %A MYC A48 (& 3-47 C).

A o B *kk
T T E— A 9 i *k
TRP- = 1007 =" \p‘s’é \v‘o“ ~ 10 W
: \v‘“\o\v%\'oxxﬁ\’o 5
TRP+24h 48h 72h ¢ o7 e <
8 8
e -] o s
> >
s s
o o] o [mm——]
£ 3
& 0.00 2 00
TRP+ 24h 48h 72h S A _a)
=y 5‘(\‘$ O\P&’% O\P“"%
o v
T &Y
C TRP+ TRP- 100
*%k * k% *

0.75

CHX 0 20 40 60 0O 20 40 60 (min)
MYC I. -— - 0.50

i 0.25 TRP+
ACTIN [HI SN s s e e s i TRP-

T T T
0 20 40 60
CHX treatment (min)

% of MYC remained

Kl 3-47 (EIRFIF S MYC RIEMK R
(A) BERFIZFME T BHT-101 H MYC ISR AR, (B) Tl SLC1AS 5 BHT-101 44
fi R MYC IR FARXE R Guit 45 R, (O TR B (50 pg/mL) AbFE5E 415775 (TRP+H)
AR FIZF R 775 (TRP-) J5 3510 BHT-101 400, 76 A7) 9528 B i 4k P ) ) J 4 MY C
IIEASEENES S NP
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4 g

ATC {ER— PR AR ZZ IR IR, AT &G PTC 20 R Rtk SR,
Tk Z e GG AL 2 AR BE PP i TR, R TREAREA IR, ATC A
RAFER A TIPS 8 R — DR R R L. APtREE RN TC LR
£, o2 RE T RRINMIMIBERL, BRI T ATC (50 TR E i A 3L
X} ATC [F520 .

41 ESUEERMHMEFRREEZSHEENNS

ATC &M B 5 AL BRI, FEAR AR AE_E R RECRBE 1 &6 70 A P FAR
ARARIL AT R, Rl ATC 2 Wi R — 2 Mgk, 10 ATC 2 i, HakZE,
BRIZE 2 Wi AN 3L PR o PR X T A6 10 T R Ll PR e R R EE B

HAT, At ATC 2Bk E T, ERACREAFRIEL T ERARE
S AR 40% 00 8 T 12 W AN BB G e 2021, Hodth 22 T2 W fig bt i 2 4
Fehr et e TC AR IRERP, MHEZ T, ARWFFtEE bl e > 7B A
2 W BEVE 7 DDScore I H 2 AN 35

(D mfpatt: k. R RERE SRS R E DI . Bidai&
WGCNA MZFHLEE Tk, AW E N 167 4550 SR 1 e B AR
fERE R 23 2 BB AN 21 6 BIIGAIE, AT 70 FT 48 8 IR 2 R m] A MR /s ATC
FeF UK A . 5 et A Sobn B R N AR L, R 167 AMRFAESR:
RIF ) DDScore fig EAS ML 2 A0 5 £ LA Z M2 5, JF ) o9 nERf it
5E SCHUR BRI I 25 R

(2) BT GARENE: AFES TRES R, RSNy b g ds
AN AN ZFEEET &, JF 5 AR T 7 EREXT L. S HARTRR AL,
DDScore (EANFAIEET- & L4 1 s Az E A — 8k, se ik 1 LR T 4k
AR SYAEET S 30Uk R RER .

(3) EH: SEGN SR =T E NG s 5 S, DDScore #2417 —
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FERf E B T HE, T EEMHT.

(4) . X DDScore 7£i2 Ji H R 73 HT 2 W] DDScore 1E 2 i fiE 257 v
AT AR R AE IR A AIRAS R T AN R R 7E 25 0 A AR v G AR G DGk B
RIARALAR AL, IR T R g 25 o3 AL (1 2R

4.2 BRBREESWHESEAS T R ERFEMR IR ERE

421 SUEERAPRERERSSEIFMRNRERITE

SR 5 2 PSR ) S A IR AT T R ) TME H e 2T RTe ST 25 0 A RE
JEVPor, AW SO R RE AR TC AR AF AL B R AR T 4R A A
GEIRE N R IL . ke TC £ AR g, HT-40a AR MYC
RIBICPINEHT BTt BRAER T ORI, T 40 RE K iR 4 il i i %58 PD-L1 ¢
GBANHINE 5, 5 T LRI R PD-1 AR AR, WA XCH 4051 T 40
IO, T3 S B 4T B GO S (R R B P0% 2931 R e I 45 SRR W, TC AR 7Y
P25 2R K EL Pt A Bt 1) T 4 AR R 15 S S ) Rl B8 2 B A7 A S DI R

I, fER LR TC FEA T RIEE RIECZ 1 naive T 4H0RIE . HPURIE 240
Ry S Ve 3R B TR 4 naive CD8' T I, BRIV HGE, PEE I L E A
240 B 1 R A T L, T (AT R G A OO i £ 7 AR FEAR I RE A o,
AT T 1) CD8” Tem ¥4l WFFUR], IR iR BE A 4E CD8' Tem M
MIRZS 1R FESE RS B A AP, XA B2 AU FE FE B IAE A h i CD8™ Tem 2
PR BEhk, X TCGA HIZRE 4 RBos, R ERARIAEA S,
TR R EEL A P AR 2 e, U B PR 114 25 A T 3 B8 P AR P ) G R A 5
422 BRBREESUIESDSFNHBEREE LS

FE IR IR G AL S R T, TR 24 P 0 0 PR T 18 2R AU 1k DA A p 5
KK A 2 T SRS 1 R A5 TME 2 18] R AQ AZ i ey S o7 5
W, SR T R AR R AU X TR A B AR 9 7 92 1A B AR08,

I Compass BAF7r i TC HE F 8df, AWF5LHtil 7 AR IR T TC
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IR S B 1 o #E70 AR EE AR A A, ASHIT FE 5% M I A S AT OC i (0 3
B3 . BEAEWE U HOR B A A AL 0 M s 17 FODR MR IE W 4 R0 HER i
TR AL LA R AN R FOIR B A2 2 18] 2 e AR b ) 28 22 3 200, A8 1 HOR R A o
AE B EOR B 2R AR AL R AL R, T AE ATC H,  H - R DR A s 5 e i
R SR, TR SR A B A IR A E N 1K) 22 AU PR AL o BRBEIRE AR SN, AT 7T
KB ATC 1 TCA FEIAMBEER @A FIE TE A Frig st . TCA fEAANGEA A
TR SSBERA YT, 02 2 S AN AR ST i o AR GET 7T 32 B ST I e xR A=
KAt E R, IR DA e 4 617 1) P A SR B o 8. TCA 783, {HiAx
WHEFARY], FELL R R PR AR TCA JHFF L™ AL e B A G AR gy 1110,
S TR A A0 13k P P DU s S 1 b R A 1 20 R S G S 75K, o) 2 S it
BRI AT FUR YA PPP AR HE M) T IRl B35 38 TC A i 1k
SEKF 1755 AT R ORI R T BB AR . TCA MIBERR N1t = Mg
feE R Rl Y A ER Y, SRR 7 RR 04k TC Mg R P E R A & 7R K

BEAk, FESMWREEEBARIIFEA T, BRBERHFE . TCA PRIAAMBEIR S0 ik 42 1) AQ
TR AN, B R I 0 5 280 o AU A e e i AU 1 ) 25 A Ak o I ot A i
RIS B A AT AR ORAE RS IR A AR . ERE LLAGR TR W FTER
WY S R S A AR A 70 5 TC BIAE AN A el 10215 2140 R aIT e AL,
FE WAL EARRIREA T, JRITER B-SeU A3 % 1Y) PRk g —— DA B AR A Pk 4% #2 g CPT P
AL NS YRR 25 iR CPT ARl B T iR 1 R 7, X - AE A 55 1K) TME
ST BB A B AR P e AU R A IR AR P20, [/, fER/R 704K TC w1, T
SRR R Il S AR AL PR 2R oA 3 — R 22 [ 1 P 300 s B 1 2 1 5.
AW FERSCR R ], AT i BRI R A FRRES Y, B HUR AR AL 1) — A S22y
LA FLERACTHI3GI0, ELIE S PR Y= KT (g =200, pY R R 1 9 — MR
s ANBUOE R AR AN GBLRL 0 A 1) AQSHE G, 36 TR A 2R BRI 1 HE N =32
FRAEH . IR, Ui R PRI S e R TR, ATC 24 A CTE s
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43 BERARHE MYC ZGHIER RS

431 MYC 8z & SRg3E iE E B MR HEE R0 & SER (M iE 1

Compass TIMZE KW, TC MIESFLE S GRS 2 7] 2 3 EAH G
B IR R BoR, ML /I KTC-1 40/, K446 BHT-101 51
W B AR & & N, TR R Z BRI & &AL BHT-101 A1 KTC-1 [ E17E &2
EER RIRERATEN S5 FEZ MM EAER, BoGJaTrE T 40 A0S0 &) 41
P, RN T 20 BRI R SR % 05 40 M g s 220 221 0 b A, R PRERRIE v] LLIE i
SLCTALL $HIRIET:, AT (i 32t feyed 4t i i) 2R 471222, BHT-101 H R SRR AR 2R X
WY 25 A I A o R A0 B A (B R AR AR B BEUR T, DA AL O T S ik
MR AR AR R 75 2K

RIS, B 2o al KR, W R B E BRI ZABEa TDO2 Al AFMID ¥
TR FIGM. BRAEHE LY 2 PR R 4l IDO1 B TDO2 ik kil
IDO1 Al TDO2 AL i Ak (5 R ) 7 A S AR W R IR =R A i, 35 4
AT RE, T ki, Blln, NK 40 IhEE T RESZ2 8] IDOT A 5 1 (IR AR
AT AR B R R R s i 74, T A 2 80 IDOT HifiFRIE N I RS . SR,
IDO1 FFILE NG RIS A PRI FEA AR LA, AR5k HL, BHT-101 # TDO2 HJ
RIBWE L, UL ATC AIHKI6 TDO2 AT &R AR . X — KL AT REMAERE T 1E
Fo A g Hh B — L) IDOT J7 ANVEI TR R . BRI, EASRIGBE SRR YT SRS, &
XF IDO1 A1 TDO2 F X E Al 1) AT g 2= 4 (i A R a7 ik 4%

VENARNE B B GBI ATIR R, B 0E S ARV I8 % 4 135 A 52 81 SR TR 7 1) 1
. AWtFiE viper WAL, 5 REEARMREAS, HET MYC iEiE
w2 L, #—PEid CUT&Tag Fi£IESE, MYC 5 BHT-101 4 (1) )5 )+ X 35
GEREWE. TR MYC (R (AU SRR, AT 3 S5 8 240t e 2 1
FEPE 201 B, AP A MYC 52 A& RMAEA R EB BAMKE, JHE
CUT&Tag W& R &I, MYC n i AR IRZIZE 1 SLCIAS. SLC7A5 VLK
UK AFMID (W335, BEfiEEE A RARUNE . Ml MYC i S8 R EIs
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H SLCIA5SLC7A45 VAR ARG AFMID 33K~ . T A B 74 E , MYC % SLC745
FIATE AT B B A iR R 22T, Rk, AEgIiR bR E MYC J5 SLC745 Rik
IR R 3 — PR &R

432 GBEBRIFTIHMYC FE

MYC £ 2 Fh IR 1 g R A2 R S iy OG0, O 2 I AL 20T R B0
MYC [niFFIe2-2200, SRif, BT MYC & AR “AnTpzg” B30, K
b, BRI YT RS BT T R MY C SRR 1R . AR UKL MYC
i AR R R e s B AU R ) € S R ARANE 1 , 2 T s e R PR AR A SR T
Wb, ASHIFFE R Hh e P I € 2 e SR A ) bR 0 R AR 1, o T 41 38 o e 8
MR AR R

AR SRER,  ASHIT IO 5% 3 0 2R RILF P 2 K BHT-101 20 i 5 58
REJJ, I BHT-101 1. [FRS, TRHORREIZER SLCIAS Rk, AI3Nm
SRR =Yk . BHT-101 40 M (39 A8 70 T B DL L2 3 E . hAh, ARHTT R
B, NIRRAEOERFIGFIERZ SLCIAS R TP T, MYC FIRIERET T
WA 41D WA HFENERLEAE S/ 1 (mammalian target of rapamycin
complex 1, mTORC1) J&4llMuE F &AL K I OGS, B R MEHIG 2 B
mTORC1 [ R 1121 220 28 G Jie (1) 5k = 401 mTORC1 35 44E, 1 mTORC1 )
B AIC AT AR R A ) £ 5 A B B AR TR I MY C2 24, PRk, FTRES AR
BEfEML, k= BRI, RI4HH R i mTORCI 3 ME#E S8 MYC B fKiE
JSE TR Z IR o iR 4 A AE DU 2% AR T AR KA i, AT k2> B 52 V9 6 LA ZE 5 40 i
FAE, IR — RIF R AR T T 1A T SRR B2t 1 BB LAl
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SLC1A5 . l‘ | '!l SLC7A5
TRP -
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AR, AR ABIEFE MY C 7E G R A Hh /R F S bR 47 B 5E i otk
b, AW T BAR ) IR A I LE ATC R H IR A 8 DL S EA T An AT 52
PR TSRS AR T BOR,  DAER BB RN I AR 5 S AN R 3 8 RV TR VR T T I A

86



1 JETF 905 T AR VA TR 68 .00 95 5 (L W 43 Y 22 F FOAR T 10 25 016 72
BE, FLAAMURRREE Sy B S, TR IR (5 B A B e 10 3540 (TP

o

2. FUIR B 25 70 Pt R A4 e 0 508 F) S B 400 1) P GO S5 R0 40 O R AIE [ P 3 T
AT IR 10 55 22 S A RS 1 R

3 S RRAR YN FEODR IR AR 5 A T R0 P i o 2 00 FR B, 0 S R 03 T Sl 3 A ) FR AR I
ARG A S A PO 0 BT R LR T

4 FORIRAR A o MYC 5 SRR R TE IE RIS . st Rl T MYC 4%
R R 5512 5 1 SLC1AS AR AFMID ()3 A (et (o & R ¥ ia FARIT, mif% MY C
FEUSLCIAS. SLC7A5 F1 AFMID 31X T 1 T i SLC1AS B2 fL FI<F 7] S 3 H
WA MYC Rk T, @ERRE S FTE N BRI A BV AR IR T T4
o

87



£ F H R X FH T FLE AL

6 BIFEM

VAT FEIT A T 3T o5 FARUPRFAE L PR 1) 25 70 AL A2 FE 38 8R DDScore, 7J 5 g
PG FCR AR A 70 AR s SR T LR 5T b 20 AT bR SR B 4 i ANES 1 & 1F
fili PR s 26 7 AR E D SRS BR

AW FUHAN T kT HARBRAR AL AR IR OB 7022 o SIS B2 T B
A AN 22 98 E , AT F0 A L R OR 0 A e (R AR A2 5 i K, 3K
—IRAR N e LA AR E T TR 20 R

3ABE TR T HURIRA g MY C 5 SRR 2 18] 1 1E R A5 %

88



£ F A H X FH L F LR X

[1]

[2]

[3]

[4]

[3]

[6]

[7]

[8]

[9]

[10]

7 BEE

E. Chmielik, D. Rusinek, M. Oczko-Wojciechowska et al. Heterogeneity of Thyroid
Cancer. Pathobiology, 2018, 85(1-2):117-129

A. V. Chintakuntlawar, R. L. Foote, J. L. Kasperbauer et al. Diagnosis and
Management of Anaplastic Thyroid Cancer. Endocrinol Metab Clin North Am, 2019,
48(1):269-284

J. A. Fagin, S. A. Wells, Jr. Biologic and Clinical Perspectives on Thyroid Cancer. N
Engl J Med, 2016, 375(11):1054-1067

G. Nagaiah, A. Hossain, C. J. Mooney et al. Anaplastic thyroid cancer: a review of
epidemiology, pathogenesis, and treatment. J Oncol, 2011, 2011:542358

R. 1. Haddad, W. M. Lydiatt, D. W. Ball et al. Anaplastic Thyroid Carcinoma, Version
2.2015. J Natl Compr Canc Netw, 2015, 13(9):1140-1150

A. C. Xavier, R. M. Maciel, J. G. Vieira et al. Insights into the posttranslational
structural heterogeneity of thyroglobulin and its role in the development, diagnosis,
and management of benign and malignant thyroid diseases. Arch Endocrinol Metab,
2016, 60(1):66-75

B. R. Haugen, E. K. Alexander, K. C. Bible et al. 2015 American Thyroid
Association Management Guidelines for Adult Patients with Thyroid Nodules and
Differentiated Thyroid Cancer: The American Thyroid Association Guidelines Task
Force on Thyroid Nodules and Differentiated Thyroid Cancer. Thyroid, 2016,
26(1):1-133

G. Diaz-Soto, P. Fernandez-Velasco, B. Torres Torres et al. Evolution of suppressing
TSH therapy at diagnosis and in the long-term follow-up in a cohort of differentiated
thyroid cancer. Endocrinol Diabetes Nutr (Engl Ed), 2022, 69(10):844-851

A. N. Peiris, D. Medlock, M. Gavin. Thyroglobulin for Monitoring for Thyroid
Cancer Recurrence. JAMA, 2019, 321(12):1228

Y. Zhu, Y. Song, G. Xu et al. Causes of misdiagnoses by thyroid fine-needle
aspiration cytology (FNAC): our experience and a systematic review. Diagn Pathol,

2020, 15(1):1

89



£ F A H X FH L F LR X

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

M. Jin, J. Jakowski, P. E. Wakely, Jr. Undifferentiated (anaplastic) thyroid carcinoma
and its mimics: a report of 59 cases. J Am Soc Cytopathol, 2016, 5(2):107-115

W. S. Mneimneh, S. L. Asa. Divergent Lineage Markers in Anaplastic Thyroid
Carcinoma. Am J Surg Pathol, 2024, 48(2):230-237

X. M. Keutgen, S. M. Sadowski, E. Kebebew. Management of anaplastic thyroid
cancer. Gland Surg, 2015, 4(1):44-51

K. T. Hsu, X. M. Yu, A. W. Audhya et al. Novel approaches in anaplastic thyroid
cancer therapy. Oncologist, 2014, 19(11):1148-1155

I. Landa, T. Ibrahimpasic, L. Boucai et al. Genomic and transcriptomic hallmarks of
poorly differentiated and anaplastic thyroid cancers. J Clin Invest, 2016,
126(3):1052-1066

S. L. Kojic, S. S. Strugnell, S. M. Wiseman. Anaplastic thyroid cancer: a
comprehensive review of novel therapy. Expert Rev Anticancer Ther, 2011,
11(3):387-402

R. C. Smallridge, J. A. Copland. Anaplastic thyroid carcinoma: pathogenesis and
emerging therapies. Clin Oncol (R Coll Radiol), 2010, 22(6):486-497

M. Ma, B. Lin, M. Wang et al. Immunotherapy in anaplastic thyroid cancer. Am J
Transl Res, 2020, 12(3):974-988

J. Capdevila, L. J. Wirth, T. Ernst et al. PD-1 Blockade in Anaplastic Thyroid
Carcinoma. J Clin Oncol, 2020, 38(23):2620-2627

A. V. Chintakuntlawar, J. Yin, R. L. Foote et al. A Phase 2 Study of Pembrolizumab
Combined with Chemoradiotherapy as Initial Treatment for Anaplastic Thyroid
Cancer. Thyroid, 2019, 29(11):1615-1622

H. Luo, X. Xia, G. D. Kim et al. Characterizing dedifferentiation of thyroid cancer
by integrated analysis. Sci Adv, 2021, 7(31)

F. Moretti, A. Farsetti, S. Soddu et al. p53 re-expression inhibits proliferation and
restores differentiation of human thyroid anaplastic carcinoma cells. Oncogene,
1997, 14(6):729-740

S. M. Shiller, K. Konduri, L. K. Harshman et al. Recurrent thyroid cancer with
changing histologic features. Proc (Bayl Univ Med Cent), 2010, 23(3):304-310

M. Holzel, A. Bovier, T. Tuting. Plasticity of tumour and immune cells: a source of

90



£ F A H X FH L F LR X

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

heterogeneity and a cause for therapy resistance? Nat Rev Cancer, 2013, 13(5):365-
376

S. Boumahdi, F. J. de Sauvage. The great escape: tumour cell plasticity in resistance
to targeted therapy. Nat Rev Drug Discov, 2020, 19(1):39-56

R. R. Langley, I. J. Fidler. The seed and soil hypothesis revisited--the role of tumor-
stroma interactions in metastasis to different organs. Int J Cancer, 2011,
128(11):2527-2535

D. F. Qualil, J. A. Joyce. Microenvironmental regulation of tumor progression and
metastasis. Nat Med, 2013, 19(11):1423-1437

Y. Yamada, H. Haga, Y. Yamada. Concise review: dedifferentiation meets cancer
development: proof of concept for epigenetic cancer. Stem Cells Transl Med, 2014,
3(10):1182-1187

A. M. Laughney, J. Hu, N. R. Campbell et al. Regenerative lineages and immune-
mediated pruning in lung cancer metastasis. Nat Med, 2020, 26(2):259-269

L. Castagnoli, V. Cancila, S. L. Cordoba-Romero et al. WNT signaling modulates
PD-L1 expression in the stem cell compartment of triple-negative breast cancer.
Oncogene, 2019, 38(21):4047-4060

A. M. Paczulla, K. Rothfelder, S. Raffel et al. Absence of NKG2D ligands defines
leukaemia stem cells and mediates their immune evasion. Nature, 2019,
572(7768):254-259

Y. Miao, H. Yang, J. Levorse et al. Adaptive Immune Resistance Emerges from
Tumor-Initiating Stem Cells. Cell, 2019, 177(5):1172-1186 e1114

B. C. Prager, Q. Xie, S. Bao et al. Cancer Stem Cells: The Architects of the Tumor
Ecosystem. Cell Stem Cell, 2019, 24(1):41-53

S. Yuan, R. J. Norgard, B. Z. Stanger. Cellular Plasticity in Cancer. Cancer Discov,
2019, 9(7):837-851

S. C. Tripathi, H. L. Peters, A. Taguchi et al. Immunoproteasome deficiency is a
feature of non-small cell lung cancer with a mesenchymal phenotype and is
associated with a poor outcome. Proc Natl Acad Sci U S A, 2016, 113(11):E1555-
1564

M. P. Mak, P. Tong, L. Diao et al. A Patient-Derived, Pan-Cancer EMT Signature

91



£ F A H X FH L F LR X

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]
[48]

[49]

Identifies Global Molecular Alterations and Immune Target Enrichment Following
Epithelial-to-Mesenchymal Transition. Clin Cancer Res, 2016, 22(3):609-620

A. Mehta, Y. J. Kim, L. Robert et al. Immunotherapy Resistance by Inflammation-
Induced Dedifferentiation. Cancer Discov, 2018, 8(8):935-943

S. Riesenberg, A. Groetchen, R. Siddaway et al. MITF and c-Jun antagonism
interconnects melanoma dedifferentiation with pro-inflammatory cytokine
responsiveness and myeloid cell recruitment. Nat Commun, 2015, 6:8755

J. Landsberg, J. Kohlmeyer, M. Renn et al. Melanomas resist T-cell therapy through
inflammation-induced reversible dedifferentiation. Nature, 2012, 490(7420):412-
416

E. Perez-Guijarro, H. H. Yang, R. E. Araya et al. Multimodel preclinical platform
predicts clinical response of melanoma to immunotherapy. Nat Med, 2020,
26(5):781-791

H. Hardin, R. Zhang, H. Helein et al. The evolving concept of cancer stem-like cells
in thyroid cancer and other solid tumors. Lab Invest, 2017, 97(10):1142-1151

V. Veschi, F. Verona, M. Lo Iacono et al. Cancer Stem Cells in Thyroid Tumors:
From the Origin to Metastasis. Front Endocrinol (Lausanne), 2020, 11:566

A. M. Lim, B. J. Solomon. Immunotherapy for Anaplastic Thyroid Carcinoma. J
Clin Oncol, 2020, 38(23):2603-2604

D. Friedmann-Morvinski, I. M. Verma. Dedifferentiation and reprogramming:
origins of cancer stem cells. EMBO Rep, 2014, 15(3):244-253

W. A. Flavahan, Q. Wu, M. Hitomi et al. Brain tumor initiating cells adapt to
restricted nutrition through preferential glucose uptake. Nat Neurosci, 2013,
16(10):1373-1382

C. Lehuede, F. Dupuy, R. Rabinovitch et al. Metabolic Plasticity as a Determinant
of Tumor Growth and Metastasis. Cancer Res, 2016, 76(18):5201-5208

O. Warburg. On the origin of cancer cells. Science, 1956, 123(3191):309-314

N. N. Pavlova, C. B. Thompson. The Emerging Hallmarks of Cancer Metabolism.
Cell Metab, 2016, 23(1):27-47

G. J. Yoshida. Metabolic reprogramming: the emerging concept and associated

therapeutic strategies. J Exp Clin Cancer Res, 2015, 34:111

92



£ F A H X FH L F LR X

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

H. Kondoh, M. E. Lleonart, J. Gil et al. Glycolytic enzymes can modulate cellular
life span. Cancer Res, 2005, 65(1):177-185

A. D. Panopoulos, O. Yanes, S. Ruiz et al. The metabolome of induced pluripotent
stem cells reveals metabolic changes occurring in somatic cell reprogramming. Cell
Res, 2012, 22(1):168-177

Y. Li, J. J. Gruber, U. M. Litzenburger et al. Acetate supplementation restores
chromatin accessibility and promotes tumor cell differentiation under hypoxia. Cell
Death Dis, 2020, 11(2):102

S. Park, D. Mossmann, Q. Chen et al. Transcription factors TEAD2 and E2A
globally repress acetyl-CoA synthesis to promote tumorigenesis. Mol Cell, 2022,
82(22):4246-4261 e4211

H. Jiang, R. L. Greathouse, S. J. Tiche et al. Mitochondrial Uncoupling Induces
Epigenome Remodeling and Promotes Differentiation in Neuroblastoma. Cancer
Res, 2023, 83(2):181-194

G. Farnie, F. Sotgia, M. P. Lisanti. High mitochondrial mass identifies a sub-
population of stem-like cancer cells that are chemo-resistant. Oncotarget, 2015,
6(31):30472-30486

D. F. Quail, M. J. Taylor, L. M. Postovit. Microenvironmental regulation of cancer
stem cell phenotypes. Curr Stem Cell Res Ther, 2012, 7(3):197-216

H. Axelson, E. Fredlund, M. Ovenberger et al. Hypoxia-induced dedifferentiation of
tumor cells--a mechanism behind heterogeneity and aggressiveness of solid tumors.
Semin Cell Dev Biol, 2005, 16(4-5):554-563
B. Keith, M. C. Simon. Hypoxia-inducible factors, stem cells, and cancer. Cell, 2007,
129(3):465-472

F. Peng, J. H. Wang, W. J. Fan et al. Glycolysis gatekeeper PDK 1 reprograms breast
cancer stem cells under hypoxia. Oncogene, 2018, 37(8):1062-1074

S. Singer, K. Millis, K. Souza et al. Correlation of lipid content and composition
with liposarcoma histology and grade. Ann Surg Oncol, 1997, 4(7):557-563
Z.Wang, L. Y. Yip, J. H.J. Lee et al. Methionine is a metabolic dependency of tumor-
initiating cells. Nat Med, 2019, 25(5):825-837

R. E. Ericksen, S. L. Lim, E. McDonnell et al. Loss of BCAA Catabolism during

93



£ F A H X FH L F LR X

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

Carcinogenesis Enhances mTORC1 Activity and Promotes Tumor Development and
Progression. Cell Metab, 2019, 29(5):1151-1165 el1156

F. Froldi, P. Pachnis, M. Szuperak et al. Histidine is selectively required for the
growth of Myc-dependent dedifferentiation tumours in the Drosophila CNS. EMBO
J, 2019, 38(7)

L. Ippolito, A. Morandi, M. L. Taddei et al. Cancer-associated fibroblasts promote
prostate cancer malignancy via metabolic rewiring and mitochondrial transfer.
Oncogene, 2019, 38(27):5339-5355

K. Satoh, S. Yachida, M. Sugimoto et al. Global metabolic reprogramming of
colorectal cancer occurs at adenoma stage and is induced by MYC. Proc Natl Acad
Sci U S A, 2017, 114(37):E7697-E7706

W. Xu, S. Wang, Q. Chen et al. TXNL1-XRCC1 pathway regulates cisplatin-induced
cell death and contributes to resistance in human gastric cancer. Cell Death Dis, 2014,
5(2):e1055

W. Wagner, W. M. Ciszewski, K. D. Kania. L- and D-lactate enhance DNA repair
and modulate the resistance of cervical carcinoma cells to anticancer drugs via
histone deacetylase inhibition and hydroxycarboxylic acid receptor 1 activation. Cell
Commun Signal, 2015, 13:36

G. Wang, J. J. Wang, P. H. Yin et al. New strategies for targeting glucose metabolism-
mediated acidosis for colorectal cancer therapy. J Cell Physiol, 2018, 234(1):348-
368

X. Q. Ye, Q. Li, G. H. Wang et al. Mitochondrial and energy metabolism-related
properties as novel indicators of lung cancer stem cells. Int J Cancer, 2011,
129(4):820-831

F. Dupuy, S. Tabaries, S. Andrzejewski et al. PDKI1-Dependent Metabolic
Reprogramming Dictates Metastatic Potential in Breast Cancer. Cell Metab, 2015,
22(4):577-589

S. H. Issaq, B. A. Teicher, A. Monks. Bioenergetic properties of human sarcoma cells
help define sensitivity to metabolic inhibitors. Cell Cycle, 2014, 13(7):1152-1161
T. Cascone, J. A. McKenzie, R. M. Mbofung et al. Increased Tumor Glycolysis
Characterizes Immune Resistance to Adoptive T Cell Therapy. Cell Metab, 2018,

94



£ F A H X FH L F LR X

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

[86]

27(5):977-987 €974

I. Elia, M. C. Haigis. Metabolites and the tumour microenvironment: from cellular
mechanisms to systemic metabolism. Nat Metab, 2021, 3(1):21-32

S. Kouidhi, F. Ben Ayed, A. Benammar Elgaaied. Targeting Tumor Metabolism: A
New Challenge to Improve Immunotherapy. Front Immunol, 2018, 9:353

K. Fischer, P. Hoffmann, S. Voelkl et al. Inhibitory effect of tumor cell-derived lactic
acid on human T cells. Blood, 2007, 109(9):3812-3819

S. M. Morrissey, F. Zhang, C. Ding et al. Tumor-derived exosomes drive
immunosuppressive macrophages in a pre-metastatic niche through glycolytic
dominant metabolic reprogramming. Cell Metab, 2021, 33(10):2040-2058 ¢2010
Y. Liu, X. Liang, W. Dong et al. Tumor-Repopulating Cells Induce PD-1 Expression
in CD8(+) T Cells by Transferring Kynurenine and AhR Activation. Cancer Cell,
2018, 33(3):480-494 e487

C. A. Opitz, U. M. Litzenburger, F. Sahm et al. An endogenous tumour-promoting
ligand of the human aryl hydrocarbon receptor. Nature, 2011, 478(7368):197-203
K. Jin, C. Qian, J. Lin et al. Cyclooxygenase-2-Prostaglandin E2 pathway: A key
player in tumor-associated immune cells. Front Oncol, 2023, 13:1099811

B. Allard, D. Allard, L. Buisseret et al. The adenosine pathway in immuno-oncology.
Nat Rev Clin Oncol, 2020, 17(10):611-629

J. Afonso, L. L. Santos, A. Longatto-Filho et al. Competitive glucose metabolism as
a target to boost bladder cancer immunotherapy. Nat Rev Urol, 2020, 17(2):77-106
H. Lv, G. Lv, C. Chen et al. NAD(+) Metabolism Maintains Inducible PD-L1
Expression to Drive Tumor Immune Evasion. Cell Metab, 2021, 33(1):110-127 el15
Y. Wang, Y. Wang, Y. Ren et al. Metabolic modulation of immune checkpoints and
novel therapeutic strategies in cancer. Semin Cancer Biol, 2022, 86(Pt 3):542-565
B. Chen, M. S. Khodadoust, C. L. Liu et al. Profiling Tumor Infiltrating Immune
Cells with CIBERSORT. Methods Mol Biol, 2018, 1711:243-259

A. M. Newman, C. B. Steen, C. L. Liu et al. Determining cell type abundance and
expression from bulk tissues with digital cytometry. Nat Biotechnol, 2019,
37(7):773-782

K. Wang, S. Patkar, J. S. Lee et al. Deconvolving Clinically Relevant Cellular

95



£ F A H X FH L F LR X

[87]

[88]

[89]

[90]

[91]

[92]

[93]

[94]

[95]

[96]

[97]

Immune Cross-talk from Bulk Gene Expression Using CODEFACS and LIRICS
Stratifies Patients with Melanoma to Anti-PD-1 Therapy. Cancer Discov, 2022,
12(4):1088-1105

F. Finotello, C. Mayer, C. Plattner et al. Molecular and pharmacological modulators
of the tumor immune contexture revealed by deconvolution of RNA-seq data.
Genome Med, 2019, 11(1):34

J. Racle, K. de Jonge, P. Baumgaertner et al. Simultaneous enumeration of cancer
and immune cell types from bulk tumor gene expression data. Elife, 2017, 6

B. Li, E. Severson, J. C. Pignon et al. Comprehensive analyses of tumor immunity:
implications for cancer immunotherapy. Genome Biol, 2016, 17(1):174

K. Tao, Z. Bian, Q. Zhang et al. Machine learning-based genome-wide interrogation
of somatic copy number aberrations in circulating tumor DNA for early detection of
hepatocellular carcinoma. EBioMedicine, 2020, 56:102811

J. J. Chabon, E. G. Hamilton, D. M. Kurtz et al. Integrating genomic features for
non-invasive early lung cancer detection. Nature, 2020, 580(7802):245-251

M. E. Maros, D. Capper, D. T. W. Jones et al. Machine learning workflows to
estimate class probabilities for precision cancer diagnostics on DNA methylation
microarray data. Nat Protoc, 2020, 15(2):479-512

J. Liu, C. Xia, G. Wang. Multi-Omics Analysis in Initiation and Progression of
Meningiomas: From Pathogenesis to Diagnosis. Front Oncol, 2020, 10:1491

L. Zhao, V. H. F. Lee, M. K. Ng et al. Molecular subtyping of cancer: current status
and moving toward clinical applications. Brief Bioinform, 2019, 20(2):572-584

Y. Z. Jiang, Y. Liu, Y. Xiao et al. Molecular subtyping and genomic profiling expand
precision medicine in refractory metastatic triple-negative breast cancer: the
FUTURE trial. Cell Res, 2021, 31(2):178-186

M. List, A. C. Hauschild, Q. Tan et al. Classification of breast cancer subtypes by
combining gene expression and DNA methylation data. J Integr Bioinform, 2014,
11(2):236

A. Kamoun, A. Idbaih, C. Dehais et al. Integrated multi-omics analysis of
oligodendroglial tumours identifies three subgroups of 1p/19q co-deleted gliomas.

Nat Commun, 2016, 7:11263

96



£ F A H X FH L F LR X

[98]

[99]

[100]

[101]

[102]

[103]

[104]

[105]

[106]
[107]

[108]

[109]

[110]

N. Cancer Genome Atlas Research, J. N. Weinstein, E. A. Collisson et al. The Cancer
Genome Atlas Pan-Cancer analysis project. Nat Genet, 2013, 45(10):1113-1120

E. F. Franco, P. Rana, A. Cruz et al. Performance Comparison of Deep Learning
Autoencoders for Cancer Subtype Detection Using Multi-Omics Data. Cancers
(Basel), 2021, 13(9)

O. Elemento, C. Leslie, J. Lundin et al. Artificial intelligence in cancer research,
diagnosis and therapy. Nat Rev Cancer, 2021, 21(12):747-752

B. Lin, H. Ma, M. Ma et al. The incidence and survival analysis for anaplastic
thyroid cancer: a SEER database analysis. Am J Transl Res,2019, 11(9):5888-5896
I. Landa, M. E. Cabanillas. Genomic alterations in thyroid cancer: biological and
clinical insights. Nat Rev Endocrinol, 2024, 20(2):93-110

R. Edgar, M. Domrachev, A. E. Lash. Gene Expression Omnibus: NCBI gene
expression and hybridization array data repository. Nucleic Acids Res, 2002,
30(1):207-210

A. Wagner, C. Wang, J. Fessler et al. Metabolic modeling of single Th17 cells reveals
regulators of autoimmunity. Cell, 2021, 184(16):4168-4185 e4121

T. Jikuzono, T. Ishikawa, M. Hirokawa et al. Microarray analysis of formalin-fixed,
paraffin-embedded follicular thyroid carcinoma samples from patients who
developed postoperative distant metastasis. BMC Res Notes, 2020, 13(1):241
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE29265

G. Dom, M. Tarabichi, K. Unger et al. A gene expression signature distinguishes
normal tissues of sporadic and radiation-induced papillary thyroid carcinomas. BrJ
Cancer, 2012, 107(6):994-1000

J. M. Pita, L. F. Figueiredo, M. M. Moura et al. Cell cycle deregulation and TP53 and
RAS mutations are major events in poorly differentiated and undifferentiated thyroid
carcinomas. J Clin Endocrinol Metab, 2014, 99(3):E497-507

J. M. Pita, A. Banito, B. M. Cavaco et al. Gene expression profiling associated with
the progression to poorly differentiated thyroid carcinomas. Br J Cancer, 2009,
101(10):1782-1791

C. A.von Roemeling, L. A. Marlow, A. B. Pinkerton et al. Aberrant lipid metabolism

in anaplastic thyroid carcinoma reveals stearoyl CoA desaturase 1 as a novel

97



£ F A H X FH L F LR X

[111]

[112]

[113]

[114]

[115]

[116]

[117]

[118]

[119]

[120]

[121]

[122]

[123]

therapeutic target. J Clin Endocrinol Metab, 2015, 100(5):E697-709

B. Wojtas, A. Pfeifer, M. Oczko-Wojciechowska et al. Gene Expression (mRNA)
Markers for Differentiating between Malignant and Benign Follicular Thyroid
Tumours. Int J Mol Sci, 2017, 18(6)

J. Haase, D. Misiak, M. Bauer et al. IGF2BP1 is the first positive marker for
anaplastic thyroid carcinoma diagnosis. Mod Pathol, 2021, 34(1):32-41

M. E. Ritchie, B. Phipson, D. Wu et al. limma powers differential expression
analyses for RNA-sequencing and microarray studies. Nucleic Acids Res, 2015,
43(7):e47

S. Bhattacharya, P. Dunn, C. G. Thomas et al. ImmPort, toward repurposing of open
access immunological assay data for translational and clinical research. Sci Data,
2018, 5:180015

M. 1. Love, W. Huber, S. Anders. Moderated estimation of fold change and
dispersion for RNA-seq data with DESeq2. Genome Biol, 2014, 15(12):550

T. Wu, E. Hu, S. Xu et al. clusterProfiler 4.0: A universal enrichment tool for
interpreting omics data. Innovation (Camb), 2021, 2(3):100141

D. Aran, Z. Hu, A. J. Butte. xCell: digitally portraying the tissue cellular
heterogeneity landscape. Genome Biol, 2017, 18(1):220

V. Thorsson, D. L. Gibbs, S. D. Brown et al. The Immune Landscape of Cancer.
Immunity, 2018, 48(4):812-830 e814

L. Garcia-Alonso, C. H. Holland, M. M. Ibrahim et al. Corrigendum: Benchmark
and integration of resources for the estimation of human transcription factor
activities. Genome Res, 2021, 31(4):745

M. J. Alvarez, Y. Shen, F. M. Giorgi et al. Functional characterization of somatic
mutations in cancer using network-based inference of protein activity. Nat Genet,
2016, 48(8):838-847

S. Suo, Q. Zhu, A. Saadatpour et al. Revealing the Critical Regulators of Cell
Identity in the Mouse Cell Atlas. Cell Rep,2018, 25(6):1436-1445 ¢1433

A. Dobin, C. A. Davis, F. Schlesinger et al. STAR: ultrafast universal RNA-seq
aligner. Bioinformatics, 2013, 29(1):15-21

M. Rebhan, V. Chalifa-Caspi, J. Prilusky et al. GeneCards: a novel functional

98



£ F A H X FH L F LR X

[124]

[125]

[126]

[127]

[128]

[129]

[130]

[131]

[132]

[133]

[134]

[135]

genomics compendium with automated data mining and query reformulation
support. Bioinformatics, 1998, 14(8):656-664

B. Li, C. N. Dewey. RSEM: accurate transcript quantification from RNA-Seq data
with or without a reference genome. BMC Bioinformatics, 2011, 12:323

B. Langmead, S. L. Salzberg. Fast gapped-read alignment with Bowtie 2. Nat
Methods, 2012, 9(4):357-359

H. Li, B. Handsaker, A. Wysoker et al. The Sequence Alignment/Map format and
SAMtools. Bioinformatics, 2009, 25(16):2078-2079

L. L. Cunha, L. S. Ward. Translating the immune microenvironment of thyroid
cancer into clinical practice. Endocr Relat Cancer, 2022, 29(6):R67-R83

L. Bao, T. Xu, X. Lu et al. Metabolic Reprogramming of Thyroid Cancer Cells and
Crosstalk in Their Microenvironment. Front Oncol, 2021, 11:773028

M. Kanehisa, M. Furumichi, M. Tanabe et al. KEGG: new perspectives on genomes,
pathways, diseases and drugs. Nucleic Acids Res, 2017, 45(D1):D353-D361

C. Xu, S. Wang, Y. Wu et al. Recent advances in understanding the roles of
sialyltransferases in tumor angiogenesis and metastasis. Glycoconj J, 2021,
38(1):119-127

S. Vasseur, C. Malicet, E. L. Calvo et al. Gene expression profiling of tumours
derived from rasV12/El1A-transformed mouse embryonic fibroblasts to identify
genes required for tumour development. Mol Cancer, 2005, 4(1):4

B. Ma, H. Jiang, D. Wen et al. Transcriptome Analyses Identify a Metabolic Gene
Signature Indicative of Dedifferentiation of Papillary Thyroid Cancer. J Clin
Endocrinol Metab, 2019, 104(9):3713-3725

J. Inoue, M. Kishikawa, H. Tsuda et al. Identification of PDHX as a metabolic target
for esophageal squamous cell carcinoma. Cancer Sci, 2021, 112(7):2792-2802

R. Xu, J. Song, R. Ruze et al. SQLE promotes pancreatic cancer growth by
attenuating ER stress and activating lipid rafts-regulated Src/PI3K/Akt signaling
pathway. Cell Death Dis, 2023, 14(8):497

Z. Zhang, W. Wu, H. Jiao et al. Squalene epoxidase promotes hepatocellular
carcinoma development by activating STRAP transcription and TGF-beta/SMAD
signalling. Br J Pharmacol, 2023, 180(12):1562-1581

99



£ F A H X FH L F LR X

[136]

[137]

[138]

[139]

[140]

[141]

[142]
[143]

[144]

[145]

[146]

R. Pathania, S. Ramachandran, S. Elangovan et al. DNMTI is essential for
mammary and cancer stem cell maintenance and tumorigenesis. Nat Commun, 2015,
6:6910

R. Gao, S. Bai, Y. C. Henderson et al. Delineating copy number and clonal
substructure in human tumors from single-cell transcriptomes. Nat Biotechnol, 2021,
39(5):599-608

W. Pu, X. Shi, P. Yu et al. Single-cell transcriptomic analysis of the tumor
ecosystems underlying initiation and progression of papillary thyroid carcinoma.
Nat Commun, 2021, 12(1):6058

M. Rivera, R. A. Ghossein, H. Schoder et al. Histopathologic characterization of
radioactive iodine-refractory fluorodeoxyglucose-positron emission tomography-
positive thyroid carcinoma. Cancer, 2008, 113(1):48-56

M. S. Brose, C. M. Nutting, B. Jarzab et al. Sorafenib in radioactive iodine-refractory,
locally advanced or metastatic differentiated thyroid cancer: a randomised, double-
blind, phase 3 trial. Lancet, 2014, 384(9940):319-328

H. J. Schulten, D. Hussein, F. Al-Adwani et al. Microarray expression profiling
identifies genes, including cytokines, and biofunctions, as diapedesis, associated
with a brain metastasis from a papillary thyroid carcinoma. Am J Cancer Res, 2016,
6(10):2140-2161

https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE202413

C. Colombo, E. Minna, C. Gargiuli et al. The molecular and gene/miRNA expression
profiles of radioiodine resistant papillary thyroid cancer. J Exp Clin Cancer Res,
2020, 39(1):245

O. Z. Akyay, E. Gov, H. Kenar et al. Mapping the Molecular Basis and Markers of
Papillary Thyroid Carcinoma Progression and Metastasis Using Global
Transcriptome and microRNA Profiling. OMICS, 2020, 24(3):148-159

M. Tarabichi, M. Saiselet, C. Tresallet et al. Revisiting the transcriptional analysis
of primary tumours and associated nodal metastases with enhanced biological and
statistical controls: application to thyroid cancer. Br J Cancer, 2015, 112(10):1665-
1674

N. Cancer Genome Atlas Research. Integrated genomic characterization of papillary

100



£ F A H X FH L F LR X

[147]

[148]

[149]

[150]

[151]

[152]

[153]

[154]

[155]

[156]

[157]

[158]

thyroid carcinoma. Cell, 2014, 159(3):676-690

T. Xu, T. Jin, X. Lu et al. A signature of circadian rhythm genes in driving anaplastic
thyroid carcinoma malignant progression. Cell Signal, 2022, 95:110332

X. Wang, W. Peng, C. Li et al. Identification of an immune-related signature
indicating the dedifferentiation of thyroid cells. Cancer Cell Int, 2021, 21(1):231
M. Gugnoni, E. Lorenzini, I. Faria do Valle et al. Adding pieces to the puzzle of
differentiated-to-anaplastic thyroid cancer evolution: the oncogene E2F7. Cell
Death Dis, 2023, 14(2):99

T. M. Malta, A. Sokolov, A. J. Gentles et al. Machine Learning Identifies Stemness
Features Associated with Oncogenic Dedifferentiation. Cell, 2018, 173(2):338-354
e3l15

I. Ben-Porath, M. W. Thomson, V. J. Carey et al. An embryonic stem cell-like gene
expression signature in poorly differentiated aggressive human tumors. Nat Genet,
2008, 40(5):499-507

I. Shats, M. L. Gatza, J. T. Chang et al. Using a stem cell-based signature to guide
therapeutic selection in cancer. Cancer Res, 2011, 71(5):1772-1780

X. Yan, L. Ma, D. Yi et al. A CD133-related gene expression signature identifies an
aggressive glioblastoma subtype with excessive mutations. Proc Natl Acad Sci U S
A, 2011, 108(4):1591-1596

T. A. Venezia, A. A. Merchant, C. A. Ramos et al. Molecular signatures of
proliferation and quiescence in hematopoietic stem cells. PLoS Biol, 2004,
2(10):e301

N. P. Palmer, P. R. Schmid, B. Berger et al. A gene expression profile of stem cell
pluripotentiality and differentiation is conserved across diverse solid and
hematopoietic cancers. Genome Biol, 2012, 13(8):R71

D.J. Wong, H. Liu, T. W. Ridky et al. Module map of stem cell genes guides creation
of epithelial cancer stem cells. Cell Stem Cell, 2008, 2(4):333-344

J. Kim, A. J. Woo, J. Chu et al. A Myc network accounts for similarities between
embryonic stem and cancer cell transcription programs. Cell, 2010, 143(2):313-324
J. Kim, S. H. Orkin. Embryonic stem cell-specific signatures in cancer: insights into

genomic regulatory networks and implications for medicine. Genome Med, 2011,

101



£ F A H X FH L F LR X

[159]

[160]

[161]

[162]

[163]

[164]

[165]

[166]

[167]

[168]

[169]

[170]

3(11):75

D. Hanahan, R. A. Weinberg. Hallmarks of cancer: the next generation. Cell, 2011,
144(5):646-674

J. W. Koten, J. P. Neijt, B. A. Zonnenberg et al. The difference between benign and
malignant tumours explained with the 4-mutation paradigm for carcinogenesis.
Anticancer Res, 1993, 13(4):1179-1182

D. Hanahan. Hallmarks of Cancer: New Dimensions. Cancer Discov, 2022,
12(1):31-46

A. V. Ivshina, J. George, O. Senko et al. Genetic reclassification of histologic grade
delineates new clinical subtypes of breast cancer. Cancer Res, 2006, 66(21):10292-
10301

A. L. Tarca, M. Lauria, M. Unger et al. Strengths and limitations of microarray-
based phenotype prediction: lessons learned from the IMPROVER Diagnostic
Signature Challenge. Bioinformatics, 2013, 29(22):2892-2899

F. A. Monzon, M. Lyons-Weiler, L. J. Buturovic et al. Multicenter validation of a
1,550-gene expression profile for identification of tumor tissue of origin. J Clin
Oncol, 2009, 27(15):2503-2508

S. Balasenthil, N. Chen, S. T. Lott et al. A migration signature and plasma biomarker
panel for pancreatic adenocarcinoma. Cancer Prev Res (Phila), 2011, 4(1):137-149
S. R. Lambert, N. Mladkova, A. Gulati et al. Key differences identified between
actinic keratosis and cutaneous squamous cell carcinoma by transcriptome profiling.
Br J Cancer, 2014, 110(2):520-529

M. Binnewies, E. W. Roberts, K. Kersten et al. Understanding the tumor immune
microenvironment (TIME) for effective therapy. Nat Med, 2018, 24(5):541-550

T. Nakayama, K. Hirahara, A. Onodera et al. Th2 Cells in Health and Disease. Annu
Rev Immunol, 2017, 35:53-84

J. Zhu. T helper 2 (Th2) cell differentiation, type 2 innate lymphoid cell (ILC2)
development and regulation of interleukin-4 (IL-4) and IL-13 production. Cytokine,
2015, 75(1):14-24

A. Christofides, L. Strauss, A. Yeo et al. The complex role of tumor-infiltrating

macrophages. Nat Immunol, 2022, 23(8):1148-1156

102



£ F A H X FH L F LR X

[171]

[172]

[173]

[174]

[175]

[176]

[177]

[178]

[179]

[180]

[181]

[182]

[183]

S. B. Coffelt, K. Kersten, C. W. Doornebal et al. IL-17-producing gammadelta T
cells and neutrophils conspire to promote breast cancer metastasis. Nature, 2015,
522(7556):345-348

M. Siwicki, M. J. Pittet. Versatile neutrophil functions in cancer. Semin Immunol,
2021, 57:101538

N. K. Wolf, D. U. Kissiov, D. H. Raulet. Roles of natural killer cells in immunity to
cancer, and applications to immunotherapy. Nat Rev Immunol, 2023, 23(2):90-105
N. A. Maskalenko, D. Zhigarev, K. S. Campbell. Harnessing natural killer cells for
cancer immunotherapy: dispatching the first responders. Nat Rev Drug Discov, 2022,
21(8):559-577

C. Zhang, Q. Sheng, X. Zhang et al. Prioritizing exhausted T cell marker genes
highlights immune subtypes in pan-cancer. iScience, 2023, 26(4):106484

W. H. Fridman, F. Pages, C. Sautes-Fridman et al. The immune contexture in human
tumours: impact on clinical outcome. Nat Rev Cancer, 2012, 12(4):298-306

J. Saltz, R. Gupta, L. Hou et al. Spatial Organization and Molecular Correlation of
Tumor-Infiltrating Lymphocytes Using Deep Learning on Pathology Images. Cell
Rep, 2018, 23(1):181-193 el187

X. Lian, K. Yang, R. Li et al. Inmunometabolic rewiring in tumorigenesis and anti-
tumor immunotherapy. Mol Cancer, 2022, 21(1):27

E. S. Ali, I. Ben-Sahra. Regulation of nucleotide metabolism in cancers and immune
disorders. Trends Cell Biol, 2023, 33(11):950-966

G. Yu, C. J. Cheng, S. C. Lin et al. Organelle-Derived Acetyl-CoA Promotes Prostate
Cancer Cell Survival, Migration, and Metastasis via Activation of Calmodulin
Kinase II. Cancer Res, 2018, 78(10):2490-2502

A. Cesar-Razquin, B. Snijder, T. Frappier-Brinton et al. A Call for Systematic
Research on Solute Carriers. Cell, 2015, 162(3):478-487

F. Li, R. Zhang, S. Li et al. IDO1: An important immunotherapy target in cancer
treatment. Int Immunopharmacol, 2017, 47:70-77

N. Marechal, B. P. Serrano, X. Zhang et al. Formation of thyroid hormone revealed
by a cryo-EM structure of native bovine thyroglobulin. Nat Commun, 2022,
13(1):2380

103



£ F A H X FH L F LR X

[184]

[185]

[186]

[187]

[188]

[189]

[190]

[191]
[192]

[193]
[194]

[195]
[196]

[197]

Z. Xu, Y. Feng, Y. Yan et al. HHEX suppresses advanced thyroid cancer by
interacting with TLE3. Mol Cell Endocrinol, 2023, 574:111988

A. Kobiita, P. N. Silva, M. W. Schmid et al. FoxM1 coordinates cell division, protein
synthesis, and mitochondrial activity in a subset of beta cells during acute metabolic
stress. Cell Rep, 2023, 42(8):112986

F. Ren, L. Wang, X. Shen et al. MYBL2 is an independent prognostic marker that
has tumor-promoting functions in colorectal cancer. Am J Cancer Res, 2015,
5(4):1542-1552

J. van Riggelen, A. Yetil, D. W. Felsher. MYC as a regulator of ribosome biogenesis
and protein synthesis. Nat Rev Cancer, 2010, 10(4):301-309

Q. Q. Zhu, C. Ma, Q. Wang et al. The role of TWIST1 in epithelial-mesenchymal
transition and cancers. Tumour Biol, 2016, 37(1):185-197

Y. Dong, R. Tu, H. Liu et al. Regulation of cancer cell metabolism: oncogenic MYC
in the driver's seat. Signal Transduct Target Ther, 2020, 5(1):124

M. Yue, J. Jiang, P. Gao et al. Oncogenic MYC Activates a Feedforward Regulatory
Loop Promoting Essential Amino Acid Metabolism and Tumorigenesis. Cell Rep,
2017, 21(13):3819-3832

C. Topham, A. Tighe, P. Ly et al. MYC Is a Major Determinant of Mitotic Cell Fate.
Cancer Cell, 2015, 28(1):129-140
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE196323
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE106312

X. Qiao, Y. Liu, M. L. Prada et al. UBRS Is Coamplified with MY C in Breast Tumors
and Encodes an Ubiquitin Ligase That Limits MYC-Dependent Apoptosis. Cancer
Res, 2020, 80(7):1414-1427
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE 124909

L. J. Valentijn, J. Koster, F. Haneveld et al. Functional MYCN signature predicts
outcome of neuroblastoma irrespective of MYCN amplification. Proc Natl Acad Sci
USA, 2012, 109(47):19190-19195

D. K. Sullivan, A. Deutzmann, J. Yarbrough et al. MYC oncogene elicits
tumorigenesis associated with embryonic, ribosomal biogenesis, and tissue-lineage

dedifferentiation gene expression changes. Oncogene, 2022, 41(45):4960-4970

104



£ F A H X FH L F LR X

[198]

[199]

[200]

[201]

[202]

[203]

[204]

[205]

[206]

[207]

[208]

[209]

[210]

C. V. Dang, E. P. Reddy, K. M. Shokat et al. Drugging the 'undruggable' cancer
targets. Nat Rev Cancer, 2017, 17(8):502-508

D. R. Wise, R. J. DeBerardinis, A. Mancuso et al. Myc regulates a transcriptional
program that stimulates mitochondrial glutaminolysis and leads to glutamine
addiction. Proc Natl Acad Sci U S A, 2008, 105(48):18782-18787

M. Yuneva, N. Zamboni, P. Oefner et al. Deficiency in glutamine but not glucose
induces MY C-dependent apoptosis in human cells. J Cell Biol, 2007, 178(1):93-105
Y. Fujiwara, S. Kato, M. K. Nesline et al. Indoleamine 2,3-dioxygenase (IDO)
inhibitors and cancer immunotherapy. Cancer Treat Rev, 2022, 110:102461

A. Silver Karcioglu, A. J. Iwata, M. Pusztaszeri et al. The American Thyroid
Association (ATA) integrates molecular testing into its framework for managing
patients with anaplastic thyroid carcinoma (ATC): Update on the 2021 ATA ATC
guidelines. Cancer Cytopathol, 2022, 130(3):174-180

P. Podany, R. Abi-Raad, A. Barbieri et al. Anaplastic Thyroid Carcinoma:
Cytomorphologic Features on Fine-Needle Aspiration and Associated Diagnostic
Challenges. Am J Clin Pathol, 2022, 157(4):608-619

A. Jogi, M. Vaapil, M. Johansson et al. Cancer cell differentiation heterogeneity and
aggressive behavior in solid tumors. Ups J Med Sci, 2012, 117(2):217-224

M. Sultan, K. M. Coyle, D. Vidovic et al. Hide-and-seek: the interplay between
cancer stem cells and the immune system. Carcinogenesis, 2017, 38(2):107-118

E. D. Thompson, H. L. Enriquez, Y. X. Fu et al. Tumor masses support naive T cell
infiltration, activation, and differentiation into effectors. J Exp Med, 2010,
207(8):1791-1804

L. Zhang, X. Yu, L. Zheng et al. Lineage tracking reveals dynamic relationships of
T cells in colorectal cancer. Nature, 2018, 564(7735):268-272

F. Li, M. C. Simon. Cancer Cells Don't Live Alone: Metabolic Communication
within Tumor Microenvironments. Dev Cell, 2020, 54(2):183-195

D. Ciavardelli, M. Bellomo, A. Consalvo et al. Metabolic Alterations of Thyroid
Cancer as Potential Therapeutic Targets. Biomed Res Int, 2017, 2017:2545031

Y. Zhang, M. Zhao, H. Gao et al. MAPK signalling-induced phosphorylation and

subcellular translocation of PDHElalpha promotes tumour immune evasion. Nat

105



£ F A H X FH L F LR X

[211]

[212]

[213]

[214]

[215]

[216]

[217]

[218]

[219]

[220]

[221]

Metab, 2022, 4(3):374-388

C. L. Liu, Y. C. Hsu, J. J. Lee et al. Targeting the pentose phosphate pathway
increases reactive oxygen species and induces apoptosis in thyroid cancer cells. Mol
Cell Endocrinol, 2020, 499:110595

A. J. Hoy, S. R. Nagarajan, L. M. Butler. Tumour fatty acid metabolism in the
context of therapy resistance and obesity. Nat Rev Cancer, 2021, 21(12):753-766
A. Ashtekar, D. Huk, A. Magner et al. Alterations in Sod2-Induced Oxidative Stress
Affect Endocrine Cancer Progression. J Clin Endocrinol Metab, 2018,
103(11):4135-4145

J. M. Cazarin, R. G. Coelho, F. Hecht et al. 5'-~AMP-Activated Protein Kinase
Regulates Papillary (TPC-1 and BCPAP) Thyroid Cancer Cell Survival, Migration,
Invasion, and Epithelial-to-Mesenchymal Transition. Thyroid, 2016, 26(7):933-942
K. Zaugg, Y. Yao, P. T. Reilly et al. Carnitine palmitoyltransferase 1C promotes cell
survival and tumor growth under conditions of metabolic stress. Genes Dev, 2011,
25(10):1041-1051

N. Sanchez-Macedo, J. Feng, B. Faubert et al. Depletion of the novel p53-target gene
carnitine palmitoyltransferase 1C delays tumor growth in the neurofibromatosis type
I tumor model. Cell Death Differ, 2013, 20(4):659-668

L. Torregrossa, L. Shintu, J. Nambiath Chandran et al. Toward the reliable diagnosis
of indeterminate thyroid lesions: a HRMAS NMR-based metabolomics case of study.
J Proteome Res, 2012, 11(6):3317-3325

I. Ryoo, H. Kwon, S. C. Kim et al. Metabolomic analysis of percutaneous fine-
needle aspiration specimens of thyroid nodules: Potential application for the
preoperative diagnosis of thyroid cancer. Sci Rep, 2016, 6:30075

S. J. Parker, C. R. Amendola, K. E. R. Hollinshead et al. Selective Alanine
Transporter Utilization Creates a Targetable Metabolic Niche in Pancreatic Cancer.
Cancer Discov, 2020, 10(7):1018-1037

R. B. Holmgaard, D. Zamarin, Y. Li et al. Tumor-Expressed IDO Recruits and
Activates MDSCs in a Treg-Dependent Manner. Cell Rep, 2015, 13(2):412-424

T. W. Stone, N. Stoy, L. G. Darlington. An expanding range of targets for kynurenine
metabolites of tryptophan. Trends Pharmacol Sci, 2013, 34(2):136-143

106



£ F A H X FH L F LR X

[222]

[223]

[224]

[225]

[226]

[227]

[228]

[229]

[230]

[231]

[232]

[233]

[234]

A. Fiore, L. Zeitler, M. Russier et al. Kynurenine importation by SLC7A11
propagates anti-ferroptotic signaling. Mol Cell, 2022, 82(5):920-932 €927

J. E. Cheong, L. Sun. Targeting the IDO1/TDO2-KYN-AhR Pathway for Cancer
Immunotherapy - Challenges and Opportunities. Trends Pharmacol Sci, 2018,
39(3):307-325

C. A. Opitz, L. F. Somarribas Patterson, S. R. Mohapatra et al. The therapeutic
potential of targeting tryptophan catabolism in cancer. Br J Cancer, 2020, 122(1):30-
44

G. M. Brodeur, R. C. Seeger, M. Schwab et al. Amplification of N-myc in untreated
human neuroblastomas correlates with advanced disease stage. Science, 1984,
224(4653):1121-1124

W. Liu, A. Le, C. Hancock et al. Reprogramming of proline and glutamine
metabolism contributes to the proliferative and metabolic responses regulated by
oncogenic transcription factor c-MYC. Proc Natl Acad Sci U S A, 2012,
109(23):8983-8988

N. Venkateswaran, M. C. Lafita-Navarro, Y. H. Hao et al. MY C promotes tryptophan
uptake and metabolism by the kynurenine pathway in colon cancer. Genes Dev, 2019,
33(17-18):1236-1251

M. M. Nau, B. J. Brooks, J. Battey et al. L-myc, a new myc-related gene amplified
and expressed in human small cell lung cancer. Nature, 1985, 318(6041):69-73

R. Beroukhim, C. H. Mermel, D. Porter et al. The landscape of somatic copy-number
alteration across human cancers. Nature, 2010, 463(7283):899-905

M. R. McKeown, J. E. Bradner. Therapeutic strategies to inhibit MYC. Cold Spring
Harb Perspect Med, 2014, 4(10)

D. Meng, Q. Yang, H. Wang et al. Glutamine and asparagine activate mTORC1
independently of Rag GTPases. J Biol Chem, 2020, 295(10):2890-2899

T. Schmelzle, M. N. Hall. TOR, a central controller of cell growth. Cell, 2000,
103(2):253-262

A. Efeyan, R. Zoncu, D. M. Sabatini. Amino acids and mTORCI1: from lysosomes
to disease. Trends Mol Med, 2012, 18(9):524-533

B. J. Leibowitz, G. Zhao, W. Xia et al. mTOR inhibition suppresses Myc-driven

107



£ F A H X FH L F LR X

polyposis by inducing immunogenic cell death. Oncogene, 2023, 42(24):2007-2016

108



£ F H R X FH T FLE AL

8 4Rk

BRI LR+ RIB R R
BE IR (C1iH12N202, Trp) R ANRMTFRREIER 2 —, HARU =i 15 2 FhAE B T
BE. Trp KRR 5 2 MBOR AR, MR A BEIRFRAG . IpiEfeds
PAS O ML IR A5 o« A — oG K PR i R 2 IR, Trp M AR 28] 1 Tz %
1E.
8.1 BREEBARNERIRR

Trp fREHELFE 3 60812 (B 1D: (1) RJREER (kynurenine, Kyn) #&f2M; (2)
MyE&R/5-FENE (serotonin/5-hydroxytryptamine, 5-HT) &R (3) W|Rkigizlbl,

P Trp N
D0
TDC = /
l Do, e P
o] ~
A Q OH y () H
A M\ 5 Os NH O NH LA AN
Cd (DD~ N : N N7
S ‘»i \=( 1 NFK N oH HN [}
9 AFMI ~5.HT —>» Melatonin
Indol denvallves‘\ D H o oud
o AN /
L NH, O RNH KYNU ) HO( A~

\ /” - i‘ KAy Kyn \ o ; P
Sk * Indol Q > 7
1 <« % Jxvo o 5.HTP @
Y 2 OH HO?
Tryptamine 0= HO%OH H, 5-HIAA

OH P H
N

K1 fEmiRimaee
Trp ARMIHY Kyn CGEEAFS . MIEER (GEak) LAWY (Indol, ZfaFik) &4, NFK: N-
formyl-L-kynurenine, N- !t R /K2 & ; KYNA: kynurenic acid, K JRFEMKER; 3-HK: 3-
hydroxykynurenine, 3-¥23& K JREML; AA: anthranilic acid, AFZIERKFEL; alanine: NEIR; 3-
HAA: 3-hydroxyanthranilic acid, 3-8l Z K HR; XA: xanthurenic acid, ¥JKIR; pyruvate:
WEARZ; QA: quinolinic acid, MEMAEZ; NAD': nicotinamide adenine dinucleotide, K [ iR 4
T AZFFIR; 5-HTP: 5-hydroxytryptophan , 5-323E A% JR; 5-HIAA: 5-hydroxyindoleacetic acid,
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S-F2FEM|WE 2R melatonin: #EIEZK; indol derivatives: MIBERTAES); tryptamine: L%,
8.1.1 RREEKIZRE

Wi Kyn @ 10) Trp 0 ARH & Trp ABHER) 95% /4, BRI EL ™Y+
TN NAD'BL, Trp B a6 NFK. 1% M2 Trp-Kyn AR EHEZRIBREDEE, W]
FH = PP R GE AL . W5I A% 2, 3-XUIN4E 1 (indoleamine 2,3-dioxygenase 1, IDO1).
WG| 2, 3-XUIN%EE 2 (indoleamine 2,3-dioxygenase 2, 1DO2) LA MG FR 2, 3-X
In% g (tryptophan 2,3-dioxygenase, TDO2) 081, Fik =FifQ iR &6 ML R 1E N
L, RIEAL Trp IR AL ZH . IDO1. IDO2 F TDO2 /£ £ Fpé 4 £k . IDO1
TEZAAET RS8R E S, A AR Trpl® 7). IDOT 7R A i 75 o HLA 5%
SRR, BN Z MBS S AT, 4140 IFN-y A1 TNF-o S5 40 54 2
(1) 73 WAl 101, TDO2 = #AFAET I EA R, 532 Trp 7K-FF0HE B o R 1 1 19 te
", NFK B 54 AFMID 5 K 4 5 1 55 25 Y B Bl K i 9 Kyno Kyn AT 385 R R 282
F58F (kynurenine aminotransferase, KAT) 774 KYNA, A0 id R R BR-3-500
% (kynurenine 3-monooxygenase, KMO) ‘£ % 3-HK, B{if#id K IR & B
(kynureninase, KYNU) ¥t AA. 3-HK miE KRB RERMEI A XA; 1
AR 3-SR R IE R IR 3, 4-XUINA RS (3-hydroxyanthranilic acid dioxygenase, 3-
HAAO) LT, 20# N 3-HAA. 3-HAA Al540 9 QA, QA 35 il Wbk i W 1%
PR R BRI NAD™. it Kyn 342, Trp 7J 584 B AR Y I A IR 5 NAD 4642 4)
A Gl
8.1.2 MEFRIER

MEFR R — M EFL AR B 5T, EAE A =g SR B b PRI RS
WU AR I T0 kiR b i g e A, DL /IR 418, Trp S A A I
THERMME— R, KRAARE] 5% Trp 24k g R M. Trp 1otk 2R
F24LE§ (tryptophan hydroxylase, TPH) {544k 0y 5-HTP. TPH s&iX —id F2 1) fRI%E
B, WPEEAN MG 2 A U R 2 CE B0 200, 5, S-HTP 7675 & RS M MR I
TEH N RABBINL, FEAAMTEZ . AR ILIE 20T LA R () I3 2% 52 Ak &
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B RIS P, B S Zons i AR _E ) B AL (monoamine
oxidase, MAO) [EF AR A S-HIAA . BEAh, I35 22 Fa SR AN 48 T R Ak
RIRTAYI B AERS RS, ISR BN 4 N-AE-5-F2 tafid. 1X—2D i N-208
MG MEAL, AR R A R BR D IR o BE— DA NG| e-O- FIL AL g VR HT R
LN S-IRH AR IR 78 B N- A TE-5-FR (i i) 5-F2 3%, A il B R P20, B R Pk
2 B Ja OB TR L i AR

8.1.3 M|MHERR

WG| Wi 4% 5 B R AR A il A b o Trp FERIERUAE IR T, &0t ta R IRl
A, o Trp BRI BE I, RN, 324 1EA 85 FhaH i Tk ik B v] L™
AN ROT, R AT B de ) 2 I T W R B 2 — o E R AT i, s R
MRIEZ TRP B FHH], %I T EFEH AL FE TnaA 1 TnaB. TnaB 5%
¥ Hush Trp 123 NAHMIPY, TnaA MIMEAG Trp ZERRIIME . THERER A 228, T K
TZAEVIANBESRAY TnaA, BT LAXAS RN HUORATE R o /b & Trp 3@ i 48 1 F #44k
VIR T A0 o BRARZF AT K Trp (e Ak B B SR RIS DR TR R R, SR J A0 s Wk 2
? (indole-3-acetic acid, TAA). W|WEAR (indole-3-propionic acid, TPA) FIHg|EFLER

(indole-3-lactic acid, ILA) 22U; LT 5 Ja DA K E24F B B PT 742 TLA A TAAP?,
FURRHT B @ 83 5 F i B 3L #4758 (aromatic amino acid aminotransferase, ARAT) Al
5| e 7L fid 208 (indolelactate dehydrogenase, ILDH) ¥ Trp #4k 55| WS (indole-
3-aldehyde, IAld) A1 ILAB3,

8.2 RPN

8.21 MESERERNME

Trp AU FE IR I R i R A B AR, 38 I P08 1 G 88 S o7 LA K fiev g
8 1 2 e A S e )
8.2.1.1 JriE fa kit

Trp-Kyn IBAELEMIE 1) o2 b i h iy E HE M . /EN Trp-Kyn B2 HIFRIH
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fiiF, IDO 1 TDO2 EA ALK Th g LA S BURA R AR . 54T IDO Y
KA, BEVE T4 L-Trps D-Trp. i%. M5 Z A S-HTP 76 NI ZFEY) .
MEZ T, WWERAEAK TDO2 i mthism, HRaetli L-TrpB4. £ IDO HH AL
T, IDO2 FRIB/K WAL T IDO1. M IDO1 on B m Ak, H A
Bt 9 B s B A 7] - 537 IDO1 .

IDO1 7E4 58%M N iigg rh ik, QUGB OER . RHR . 46 e Al I
MR, RS SRR UG A RARSRES3, IDO1 Rld s FRAIK Trp /KP4
PEANFHPRAS . IEE I, ARF 1) IDO1 RIBEAL, (52 Fh 95 K71 IFN-y. TNF-
av TGF-B. IL-10 ZAEf8 5 T IDO1 FIRIALT . figd ARk R ebr,  fiya 40 L v ity 14 11
IDO1 3R H3A 1 (tumor microenvironment, TME) ] Trp ik N, 45 T
AHAE ARSI, T S5 40 S 2R G000 I Rg A0 M 7 S 20T /N B T 4 A b 7 s g
UEW], fEGRZ Trp BITEOL N, T 4AMICIEAT OGS BT A A FE 1 T 4iife, 5l
T 200 0 2R TG TR 1 f 2 A 39 401,

I, A% Trp W< EE 5S040 M I AN HLART ¥ Trp FERAZREAZ IR AN, S — M 1
2 38 % 13 2 (general control non-derepressible 2, GCN2), RN T 40
TR S B R e S A0 M R D AR L, AT RIS R W] GON2 BRBE /N CDAT T 4 6k 4>
N Treg*, BRIL, BTG GCN2 ATERE Treg BI501E, 7 BT T S DI SRR B2 1
TRl Trp &8 MR ASIYHFNERLEAE S 1 (mammalian target of
rapamycin complex 1, mTORC1) 15 5@ %), mTORC1 #&#us i vl LUE#E R B i &
B AMHI4HIL E . 25 mTORCI A Trp SR = 4Ny, CD8" T 40 i It PR, ¢
YE T 4HM AN B T 40 b, G A1 Treg ZHABBCRIG N

Trp AU 57 C5C38 FIJRg PR B8 AR 2 S s i 52 % 1 1 73 — AL 2 Trep 43 A KA1
PRI R o g AR A A e, e A B R TSR & AR ™) Kyne Kyn il 555 k2
A& (aryl hydrocarbon receptor, AhR) #HEAEFIIE Treg A1 MDSC, #1205 T 44
AN NK ZA0HE AR5 PEET 481, AR & — R ABs (03 S R 7. AhR s f5, i
N N 5 55 75 1% 32 A8 8% 8% 62 K ¥ Caryl hydrocarbon receptor nuclear translocator,
ARNT) JERR T 5RAR, S5SNI B3 X EiZE e 45 & . AhR-ARNT 5 5%
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AT (33t 22 R SR IR I 5%, 038 DC AT NK 4 AR AP TL 100 SOVL % e 4 ffa
B4 A 1 TL6BY 92, TL-6 B AR AR I A2 i 4H MR 7, R385 IDO1 G 1,
MR Kyn Al ARR ({5545 S . 1L-6 B S 80 IFN-y MM AR 18 T k2L,
R IR B BOHEHT 553 ARR 5 %E3% K- c-Maf P[RR, 4 IL-10 [2RIE54.,
IL-10 AJ 2 ik FOXP" Treg 4HMIIKI 40 AW FIIESE, MR CD8" T 20 Ml 1 B AN 241 i 75
PEo IL-10 IEFIRREMN 321 DC. MR AH S B4 (tumor-associated macrophages,
TAM) 1 MDSC WK B IG5, XEAMIRIEAE TME . AT SRR 9 L8 A
RN G kiR 5571, 7E Th17 40P, ABR S et i IL-22 f97= AR 4058,

BOIL i —TFFt B, TME w851k T 420304 (9 TEN-y {2 A% Bk T4 gt i
Trp #4328 5 A LA IDOT RIE, A5 Trp K51\ iR 40 ik i 288 50 i 4 2 1) KynB?e
I Kyn #¢ImiZ ) CD8" T il #4212 85 SLCTA8 1 PAT4 iz #t N4iffL N ,
WS AhR 55 (21 PD-1 HIRIAF & . Bh4h, FUEHERH NAD #E T Trp M k& Ak
BARLE MR T ORIEME . £/ R, Trp Sh= S BURFIER 4= NAD & 2, A
i DNA FfG Rk r) & RS0 FERR SR, Trp AR £ ¥ NAD' R 1 5 00] i
ST B 1RS  SEUE R UE F IO 5376 B 58 R L — FROBUNIC A DUE i B MY C 2
RIfIRIE, HhSh B 4 Trp L. X —VERIA BT CD8" T 4HMfi A\ TME
T F T LM Trp, SUR AR S WAL, 190 CD8" T 4 i i = IF4 o 4H i
BEME, SNSRI R G e RIS

Trp AAH ™4 3-HK. 3-HAA. QA FIHLHE FIRAE, W] AE g o U 15 7752 ma ALK 14
TIEETIRE. B, WKL 3-HAA BERSIEIE NN caspase-8 SRIFFM T, k] T 44
M5, BN Thl 40 AR FRPERI T, MIMI{E Thi/Th2 P45 24700 ¢4,
b, 3-HAA &840 75 B I SR AD NF-«B S0, 7 ST, ] T 40y
ST, 3-HAA IEAEFEMET TCR /31 Ca?f5 54% SO0, Hmif] T 40M0BaE,  [FI 3%
TGF-B 17~ A FHAR I Treg ZUMIITE AL 55— 5 TH, 3-HK #ANEEN> CD8' T 4
L BEFE AN IHE T 4 M 24y CD8™ T 4 (¥,
8.2.1.2 M EMtRR

Trp AR 57 4 52 00 JPRg (100 26 i o % =l /0N 240 o I i OV £ A8 bR 4 At 93 7OV
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FRIL, 1IDO1 1 LA TNM 7 IR B 438 WE M e . 4iEE IDOL s
FTIB 5 HF LR 0% 25 AR ORUY,; iF i 2B 3 P IDO i 3R IA Sz Ab i 4% ¥ 8 A A 72
FENBSET, IDO1 1k 5 ibk L4578 2 IEAE R,

5 IDO1 HfL, TDO2 7E/iRH BB, Fral2fE IDO1 AREE KL R,
TDO2 TEff LT 4EAm M ™= A 1) Kyn 2 g K AT, 257 TDO2 il 2= &
FIRD NP AT, (RN TR, TDO2 13RI (Lt T i 5 RE 40 g 74k
A AU T AR 2. =AU IR R AR th TDO2 ik T 5 0 4 4
BB A AE WA R AR SCUT) . Jl] TDO2 B AR [3E P, 1450 1T iR 4 il Xt 2 S0
THIBURYE, kb = B U B

[, Kyn Fl QA MIAMJEELS 245 S50 B-catenin FRISIE A 45 iz ia 20 M Fr 8 5 ,
FAE /N BRI BR AR KT8, i Kyn/Trp ELAELAT Kyn ZKSF 2 BN T 40 5 0575 /4K
ELRE OB ST TN R 71700, 3-HK AT KYNA 5 5 AR 78 1 2L s A e S5 5 400 B JRa 7
AR K80 811,

MLIEFRIEAEH) Trp 4 AR [FIRE & s s i # i) SR R B2 81, 2 IR
[¥1 52 AAAH LA RIS, I3 25 DA FE AR 14 7 ke 22 e 1 A RS 2R adE A FH o A B
Pl S (il 4 i1 R e B R e R R s 1 L e S SR 1 R e )
SIS HVER A B ORISR ORI AR Y& g Ae i AT/ P 35 58, A B
TR B AR R AE KB, ARG AT b, I R SRS EUR S B IR A S, i 1
T B SE A PR 240 3% 7 BT,

822 MBARGLKHRSEIMNBH

8.2.2.1 IMARIE

Trp AU =47 5 £ FEAHAR (¥ A B 25 DIAE OC o IHLIE AR 100 2 o T (R i A
Yt —B8, RERY, MiEF@BEMOCHEEE TPHL 53R SUNARE &
H T HUAR 259 1 S R AT 28994, TPHI ThieFahs S B8R M5 R AP AL, 51 5-
HT e 0 IReuR , B2 5 BUE B AHMARRE 1 JR R 2 — o ARIE S A 3 R/ AT
N AR TPH2 524, AT REZ X TPHI ThAERES 51 i M 1375 2 = 1A%
SN0 98, FANAR 2, AR BV LT 3 AR EI ) (SSRD BA A Iy 2 A1
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ZHE IR RENHIF (SNRD P01 g6 b2 7+ BB 1 Ii3E =K, &
H A 22336 5 2 R SRS AR IR o AN, Kyn 342 th SHHREE A 5% o 1% 6 AT AE
BFE RN, A BAME RS 3-HKUO . RN, HAERE o
EPAERRR MM T (W TNF-0) 2% IDO1 ik, RS Kyn 8B, ff
Trp AU E 2 % 1) Kyn i 12110 A2 M8 RigAE, FEULE R MR, = SATRER
(1021031 & 55 Trp AOUCE T X HEIRE IR 14 22 A A1 28 1 o5 B B, TG
Trp & & MR P RS B0 A 1 £ pE A g 1104 1090,

8.2.2.2 K& BLRE

AT, KA ZORE 35 DR R T |l T L3 O BRI S R (G 515 5
SEE TR AR AL GHEGR , 4k 51— R HREIRIS, IS Rk E
B & TPH1. TPH2 FEDK 2 ARG N 1 RSt 70 ZUE ) 5 14k, B 5 B R B A7 78
SRERUOT, b4, AW SRR Trp W38 Ik 38 0 Ao 4o 22 22 G o L3S 2= 1w R e e 1) 25
dMEAT AN, S — T SR I, REA o B A R K Kyn A2 IARI) 5 g
FRNBAAE 7 R, $278 Kyn 8420505 AT Re A2 51 RORS A 73 805 ¥ Ji R 2 — 110
HOL, G4 73 ZONE B3 B B2 5T b Tep W) Kyn BRI N, I 55 835 7 = beas
A REBRI, TERE P05 20 8 RMORI B e W2 2] N-H-D-K T T &G IR
ZARTEHH KYNA HIKCF TR0, KYNA BT T s T S 2 5 0 2038 5 1%
OIS, IS EBOA AT RESL )
8.2.2.3 MZIBITHERR

Trp AR5 2 P SIRAT A O, AFERT/RKIFE (Alzheimer's disease,
AD). W14:#%J% (Parkinson's disease, PD). L1 (Huntington's disease, HD) Al
WIZE 47 284k, (amyotrophic lateral sclerosis, ALS) %%,

AD e f WIS ZRAT IR . MG R15 5 RGLH & IDOL W& LRGN
WA KE AD BRFNLEIE MO, G R o WA RIEE G, o-sr BT 5E
ek (AN B-ry-2r i, Wk AB RFEAEIISIOL iE R R S-HIAA 5 S04
JORNHER R IA, HETH AB S I0sh B0 [ SSRI ZiWRE A P41k AD B
ANEROKI T AR AR 200, AR T IS RSP FEAIG, Kyn i427E AD B b T
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WO IRASI2, IDO VI 3 T BN T Kyn/Trp HL9I &, N5 Trp 18] Kyn %%
W2, BEE Kyn IKEEM EFE, KMO WA i PR 20 7 nag, ik B A s w1k
(1) 3-HK FLEAMAERIPER T KYNA 4. 7£ AD #¥& 1, 3-HK 5 KYNA Z
[P g T i, SRR 3-HK &85 3 S22 123), 5 3-HK H %1
N (IR A MATED QAD ARG 2 U W= A 4 2 (R4 M il i A
AR BE R T AD BHEM—ANHE. A, IR mE
AEEERTAE RV R AT T AD M RAE, 205 AD SR A A A2 1261,

HD & —Fpi Qe f AR AL i, BT 4 SO Eik B HTT B3 1 54k
BT CAG ERFFIRHEY WMArES?. ZWHEHERY, Kyn &85 HD ZY)H %,
£ HD B SRR B, B B SO AN B i 3-HK AT QA K=, KYNA 7K
PRI KAT 361 8% PR30, [Fif, fF HD BH MG 2 2] Trp /K FREAK.
Kyn 7ZKFF 32, [mIFE, 7E HD /N BRUBEAL ) R A I 21 1 3-HK A QA 7K1
TS, R 3-HK WA E A, SR At T 19, 3-HK/QA B I8
I INTT RE e T8 HD SRR BN R 2 —.

PD J& 5 —FPi WM ZIB1T . 5 AD Al HD 280, PD &3 I i Al i 4
W Kyn/Trp LUAE T IRZEI0), PD B (5e A% T R o AN B R B 3 o 3-
HK 7KPFF 37381, ALS J&—Fhilk et M 22 1R AT Ve i, SR R I A5 40 AT AN
FELEAE I 2 BIREAIRUS 1900, ALS SEFIE 8l 2R HE, #h & oA/ i o3 40 A (1
IDO1 iE AT QA 1N, I+ 3-HK/XA (1 EE R PRI, X254k % ] Trp 4
UTPDTE HAX #2828 0 H R B8 5 o 0 A AL 2 R o 28 9 RE 5 T AE O
8.23 MpERSSaaRAH

P TR T EFREPE R E IR AR M BAE AR T A Bh AR
&, WpERs. EAMER S E A 5y, KL IE B2 3 80 P 1
KA, BAERAEVER W 2 s G A LA BOWE PR S5 1421951 i sl 14 22 TOURFF e 4
T Trp RIS S I IEHE YIS TR R
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8.2.3.1 [FkhE B

Trp Y= NARFI 7 T AE Y 2 R BB R IE AN T2 —, 5 1 B o e 1) 4
A & S DI R U461 BEAE A e AU 2 S Al /) B e o AR A0 7K~ R B
5 IER G /N LG, TR B/ B 95 2K T BB BB, /N BRI N2 i 1 o B T
I3 e B A R ) T R A i, RIS ARG 8 s R B afiL /A B it M 2%, 1t T
T B WIS AN D REM . X O BN R AL (Rl N S I A P ) TG B RO
NSRBI, LI AR T J0 B A VR /N R4S 1 RSO R 82 ) ], [ B 45 i v
TPH1 #Fi& B, $&RIGIEREEEA T i MG RS WEZEER . A, TEA
B Kyn S8 S PR A1), 0 78 38 TERE /5 Trp-Kyn i@ A2 ACHHE P 25 1Y 5120 151,

IR, s e Y Trp AR~ 40| WA TPA 8 S 22kt X %244k (pregnane X
receptor, PXR) AIE$E Toll #5244k 4 (toll-like receptor 4, TLR4), Fuillg b 5z 2 )iy
(¥ TNF-a KI5, M 4ERFRH BB B oh el 154, TPA Wi 3 b 2 40 v TL-10 324k
(RIZRIE, T e i 1 56 5 57 [ Th B 15T, IRRAT A2 42 ABR FRISR BB 7, AT
JRIER IL-22 B AE, 52 N AR G2 s S A g T A s 1200,
8.2.3.2 RKIEMHIR

RIEVEZ  (inflammatory bowel disease, IBD) 5 Trp AR5 A5 571581, 4
BFAEEANMA, IBD BEMIZEREAF Trp Al TAA KPR, M IDO1 FRIiEA Kyn
TP TR s6 1990, B AE IBD & Trp-Kyn 3@ 1 Trp 7 #ARHHEME EiF. e
T MR 45 I 9 AN 50 B BB B Y], Trp-Kyn AR5 — 74 KYNA KR T H K
JHUSOL, kb 7E KYNA ARt b R A i A A 5, BEAIR IBD 1™ AR BE 161,
KYNA mifiid 5 AhR 80 G A MBI AN, MG 1BD 40510 %
SiE S o

Trp U@ 5 s R4, 0 IBD MdkfE. i, MMM Kyn 5
AhR MHEAER, ZAMNFET T T HTAMMEAK 0, EBRE] 7 Thl7 A1 Thl K3, If
R T HUR A=A FEZIRRE ST, WUBOR B AR 19 I AhR P U TAA
A1 IPA [F7KF, i8I BOE AhR K Treg (D RERAM S 1E 2REIS, tbA, H0H] M5
-G REL TPHI Bk Je, T IS G2 40 M i Th RE H: PR A 28 BB 7 1K, AT A B
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TFL24# 1BD [HERICA,
8.233 MHWMLREE

i 5L & 4E Cirritable bowel syndrome, IBS) f&—FhIhfieth B B o, ek
TE2 18 E 5 M R AN HEAE ST 15t ek 2e00S), Wi e di i IBS 5 Trp ARUH, et Kyn
FALIE R [AAE R IR IBS S35 M3 i) KYNA FIILIE 2K 23 T,
(ELE I kb RS A R KPP BARE ©01, - [R]IS, IBS &35 8 Kyn K- AL H Kyn 55
Trp HILLERIA BTl N, XFRULE IBS B Kyn @R HTE MR 5R06T,

ME R AL T B pIE G R E AR . DHALRoR, IBS B3 1 5-HT & o
EHThAe IR, 45 EIERSS R SR TPHL 1 SERT (MG RMFLIEEE) Rk
BRARIOST, [EAEREMR, MiBEZ/K T IBS [t RIL 25 AFMA IBS B
KGR, (EREYS8 IBS s miel, ghsh, witieR i IBS &3 P iliE &
ZARKIARA, D30T IBS 3R P IS K 0 B A 68,
8.2.3.4 FERIR

Y7 38 TR SO o R T € R A 420 T S ) T W R S A R B SR UL 0L, i
BEZFERL 1 (glucagon-like peptide-1, GPL-1) 7EHIMSRE &5 B 44 WA 5 25 4k &
ARG B HE 25 7 T AT A5 DGR FHU T 78 RARRI K AR /N R 4 i L Al rh, i fil
A7 A W P T 3 3 U ) E R 14 KBTS SR B L 4RSI TE], AT 3
5 Ca® YL, JEE GLP-1 ffE R 72, 1 55— T, 5| weid ik BELIST NADH Mt
SN, IR ATP 1772, NI S BN GLP-1 43k . [, BpiEr=A4: 1 Trp
AR 7= P 5 T TR A 22 386 I I 2R 0 i D e B S 3 s . LB 2 W LME T
Wathes R4, R B A &7k, 0T igiE is sh A R 07,
BRAt, BT B A AR 1A Tep AUt AT 3@ 1 45 S e 4N DD e 4k e e A 4 B R
flhn, A 2 NEIWRAT AP AT i8IS ARR 520 G B 2 B3 174,

8.24 1LINEHERS G IERNH

A Trp AR K25 AL RN 5 22 o 5 RORE RO ML R A 5%, WnSh Bk kA A AL
AR E B 5% .
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8.24.1 BHFKWEFERELL

SRR AR, A SRR RE A B B ML o Trp ACPFHRARISL, 2524
f—DUE LW, IDO W& 15 2SIk AR R R ZAH G0, IDO A3 Trp
ORI RE T R R R U PR T A S I R, s ) 3 K B A A A 28 AR B oA A
BEAGIE R, #E ApoE JEBEIRi Rk i /Ny, it IDOT 238 ifiL 8 98 5 AN Sl ik o A
flfk, AMEEEH 3-HAA A LUSH T DO #5113 Bk BERE AL 78], i 2
L7 29 FE 3 0 T R = (R B kS RERE AL P R S . R RO, TG &R it 5-
HT2A %214/G & /c-Src/PKC/MAPK & 1% 1 R [E BERE L # R Bl 1 ACAT-1 Kik, 1£
LR A D T VTR 20 M e b R R E S, (RS K RERE A B gt e D700, A
F 5-HT2A 2S00 e 235 BEACRE R S8 IR e IR B AR BE S ARAR, (8] 4236 B L i
5 TR BN KR RE AL 2 8] R A DG S0,

At BBk RE AR ) KYNA KT ST 8 B R B,
KYNA 7K 0] 00 et 30 ke f o A FET- U8, 3-HAA AT L FA 1K m JIE 3] eE i 3 /)
R A LS5 I 5 Ik D sl ksl FEAEAL T ®2; - QA B ER AT REAL 1t BN K I R A AL [ i3 Jie U *3
8.24.2 MEEFIIkE

Jl§ =&k J8 (abdominal aortic aneurysm, AAA) 20 ML & AFE T 1Y 3 2 R K]
Z—, HFERMERKE I (AnglD N3, £ Angllifs 31 AAA /N ERBER K
B, JEE T RMAIHE T IFN-y ACFRT, 1 IFN-y 235 MO i i -7
LA R IDO1 AR, Ht, Anglli2Z42TH T IDO1 HIEik, IDOT 2 m] [y
1E Angll 531 AAA JERKUSY, UEHIGE I Trp-Kyn I8 T RETE AAA MRAE K E
e A

WA REAR (MMPs) 16 AAA [MIE RS i T /%0 M. Kyn Aeil
it MEK-ERK1/2 {5 5@ BS80S AHR L MMP-1 1 MMP-3 {3 IE187 1881 $og
Kyn %f AAA HERIIFEI . R, I 4RSI AAA B AR R 50 . G i
F¢ 3 B N Bz 20 M S i R0 IDO K Trp AR Kyn, {3 3 ik i 8524 st A0 of, i 428 | 11890
1113 55— Wt FC U R B Kyn @30 B2 40+ NAD (P) H A~ A 7=
A, INENIRE T, SR R ThRERERSUSS), Rk, 56T Trp AQH A HAREHATE AAA
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AR R LB Rt 2B IR

deAt, fE O B E T, IDO VETER N, Kyn/Trp FOE BRI E 0 Mg £pk
A 8y I W 4 0 (4 O 45 3 KYNU Argl188GIn (G/A) AR R34 Uk
A5 EFIKIE STk T B2 T AR RARH T, A jE M E] IDO HIHGE A Kyn
AR TR, R R R R AR O M i ke rh i 1 B A £

8.3 REERE

Trp AUSHE 2 A B B RE O P R E T . AE B U, Trp AR
DR R A I8 I ARR B4R AT IL-6 S8R 7 ROMGE 2R 1 ik T i, st
WEAN AR5 e AL I TR, fedt i 2 Rk BEAh, Trp AREHF#4, W0 3-HK Al
QA, Xt T MM I SE AN = AL A, 2t B m R R . fEME RS
PRI T T, LI ZO@ AR 5 FARE AR A 73 2ERE S50 B AR AL DIAE S, 110 Kyn
RARAE IR LLBp P R 4 B A o R IRAT YRR, IR R PGHEEER 7 IR
AR, 5 Tep ACHIAZELE VI, oM R A ANt fg o 2O L8009 7 T
IDO HPEMZH Trp AU 45 Sk kAT BE AL S50 1R AR IS, RN L I 07
IBERE . AT 5, Trp AL 22 A5 (1 5 I AL AT RS mh #8473 T8 3 A2 25k i B 22
IR, AR TORA EIERTEZ R T Trp A S ELBR 2 [0 H B8 R KA
T, ARSI BR YT SR AU I B IR B A .
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Symbol Ensembl ID Description

ST3GAL1 ENSG00000008513 ST3 beta-galactoside alpha-2,3-sialyltransferase 1
AK1 ENSG00000106992 adenylate kinase 1

SQLE ENSG00000104549 squalene epoxidase

SCD ENSG00000099194 stearoyl-CoA desaturase

PIK3CB ENSG00000051382 E:&SISE?L%I&?]%SESJ;LS-bisphosphate 3-kinase
DTYMK ENSG00000168393 deoxythymidylate kinase

ICMT ENSG00000116237 isoprenylcysteine carboxyl methyltransferase
SDSL ENSG00000139410 serine dehydratase like

PNPLA7 ENSG00000130653 patatin like phospholipase domain containing 7
PYGL ENSG00000100504 glycogen phosphorylase L

SRD5A1 ENSG00000145545 steroid 5 alpha-reductase 1

B3GALT6 ENSG00000176022 beta-1,3-galactosyltransferase 6

PDHX ENSG00000110435 pyruvate dehydrogenase complex component X
CNDP2 ENSG00000133313 carnosine dipeptidase 2

INPP5K ENSG00000132376 inositol polyphosphate-5-phosphatase K
CERS6 ENSG00000172292 ceramide synthase 6

LHPP ENSG00000107902 Bgfggﬂggf]'gtee %ﬁ%ﬁgﬂg{‘ggd'”e Inorganic
SORD ENSG00000140263 sorbitol dehydrogenase

DNMT1 ENSG00000130816 DNA methyltransferase 1

SPTLC3 ENSG00000172296 :Egﬂﬁigglmitoyltransferase long chain base
GPX8 ENSG00000164294 glutathione peroxidase 8 (putative)

PDGFRL ENSG00000104213 platelet derived growth factor receptor like
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PRKCQ ENSG00000065675 protein kinase C theta
IFNAR1 ENSG00000142166 interferon alpha and beta receptor subunit 1
LRAT ENSG00000121207 lecithin retinol acyltransferase
ANGPTL2 ENSG00000136859 angiopoietin like 2
ZMPSTE24 ENSG00000084073 zinc metallopeptidase STE24
FNTB ENSG00000257365 farnesyltransferase, CAAX box, beta
L3HYPDH ENSG00000126790 trans-L-3-hydroxyproline dehydratase
EZH2 ENSG00000106462 SnSTJa;)nucr?i; of zeste 2 polycomb repressive complex
NMB ENSG00000291631 neuromedin B
GFPT2 ENSG00000131459 glutamine-fructose-6-phosphate transaminase 2
NRAS ENSG00000213281 NRAS proto-oncogene, GTPase
PDE1A ENSG00000115252 phosphodiesterase 1A
ST3GAL?2 ENSG00000157350 ST3 beta-galactoside alpha-2,3-sialyltransferase 2
LSS ENSG00000160285 lanosterol synthase
HPSE ENSG00000173083 heparanase
CYP2C8 ENSG00000138115 cytochrome P450 family 2 subfamily C member 8
PMM2 ENSG00000140650 phosphomannomutase 2
ST6GALNAC3  ENSG00000184005 3;‘; ::'r:‘ﬁgggsagzcmsami”ide alpha-2,6-
IDI1 ENSG00000067064 isopentenyl-diphosphate delta isomerase 1
TXNDC12 ENSG00000117862 thioredoxin domain containing 12
FADS1 ENSG00000149485 fatty acid desaturase 1
ROBO3 ENSG00000154134 roundabout guidance receptor 3
AK9 ENSG00000155085 adenylate kinase 9
PFKFB3 ENSGO0000170525 Slgﬂg:gﬁgggec?z‘“”ase/ fructose-2,6-
FASN ENSG00000169710 fatty acid synthase
LIPG ENSG00000101670 lipase G, endothelial type
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MTMR2 ENSG00000087053 myotubularin related protein 2
DOTI1L ENSG00000104885 DOT1 like histone lysine methyltransferase
PLCG1 ENSG00000124181 phospholipase C gamma 1
PLCEl ENSG00000138193 phospholipase C epsilon 1
MOCOS ENSG00000075643 molybdenum cofactor sulfurase
HSD17B4 ENSG00000133835 hydroxysteroid 17-beta dehydrogenase 4
ACLY ENSG00000131473 ATP citrate lyase
ESRRG ENSG00000196482 estrogen related receptor gamma
DPML ENSG00000000419 (i?ggtr;¥;?£losphate mannosyltransferase subunit
ENTPD6 ENSG00000197586 ectonucleoside triphosphate diphosphohydrolase 6
MCCC2 ENSG00000281742 methylcrotonyl-CoA carboxylase subunit 2
PCSK1 ENSG00000175426 proprotein convertase subtilisin/kexin type 1
SHMT1 ENSG00000284320 serine hydroxymethyltransferase 1
SAT1 ENSG00000130066 spermidine/spermine N1-acetyltransferase 1
RPEL1 ENSG00000235376 ribulose-5-phosphate-3-epimerase like 1
ATP6VOD2 ENSG00000147614 ATPase H+ transporting VO subunit d2
P4HA3 ENSG00000149380 prolyl 4-hydroxylase subunit alpha 3
ACAAL ENSG00000060971 acetyl-CoA acyltransferase 1
TPM2 ENSG00000198467 tropomyosin 2
BDH2 ENSG00000164039 3-hydroxybutyrate dehydrogenase 2
ALAD ENSG00000148218 aminolevulinate dehydratase
ISG20L2 ENSG00000143319 interferon stimulated exonuclease gene 20 like 2
PPIA ENSG00000196262 peptidylprolyl isomerase A
NAGS ENSG00000161653 N-acetylglutamate synthase
ADA ENSG00000196839 adenosine deaminase
LYPLAL ENSG00000120992 lysophospholipase 1
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ACOX1 ENSG00000161533 acyl-CoA oxidase 1

CHPT1 ENSG00000111666 choline phosphotransferase 1

LGR6 ENSG00000133067 leucine rich repeat containing G protein-coupled
receptor 6
SET domain containing 1B, histone lysine

SETD1B ENSG00000139718 methyltransferase

CYP2R1 ENSG00000186104 cytochrome P450 family 2 subfamily R member 1

GSTO2 ENSG00000065621 glutathione S-transferase omega 2

CX3CR1 ENSG00000168329 C-X3-C motif chemokine receptor 1

PANK2 ENSG00000125779 pantothenate Kinase 2
inhibitor of nuclear factor kappa B kinase

IKBKG ENSG00000269335 regulatory subunit gamma

AGER ENSG00000229058 advanced glycosylation end-product specific
receptor

AKS5 ENSG00000154027 adenylate kinase 5

IL20RB ENSG00000174564 interleukin 20 receptor subunit beta

KMT2C ENSG00000055609 lysine methyltransferase 2C

SDC2 ENSG00000169439 syndecan 2

CARNS1 ENSG00000172508 carnosine synthase 1

CPOX ENSG00000080819 coproporphyrinogen oxidase

CDO1 ENSG00000129596 cysteine dioxygenase type 1

PIK3C2A ENSGO0000011405 phosph_atldyl|nc_JS|toI-4-phosphate 3-kinase
catalytic subunit type 2 alpha

PEKERA4 ENSG00000114268 6_—phosphofructo-2-k|nase/fructose-2,6-
biphosphatase 4

IDNK ENSG00000148057 IDNK gluconokinase

ALGS ENSG00000120697 ALGS5 dolichyl-phosphate beta-
glucosyltransferase

GALNS ENSG00000141012 galactosamine (N-acetyl)-6-sulfatase

FGFR1 ENSG00000077782 fibroblast growth factor receptor 1

PEKEB1 ENSG00000158571 6_—phosphofructo-2-k|nase/fructose-2,6-
biphosphatase 1

SEMA3G ENSG00000010319 semaphorin 3G
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NPR3 ENSG00000113389 natriuretic peptide receptor 3
ELOVL6 ENSG00000170522 ELOVL fatty acid elongase 6
CLDN4 ENSG00000189143 claudin 4
ELOVL7 ENSG00000164181 ELOVL fatty acid elongase 7
PLXNB1 ENSG00000164050 plexin B1
HGD ENSG00000113924 homogentisate 1,2-dioxygenase
CMTMS8 ENSG00000170293 CCO}EIt_aIi:nliirl](g zlg\/IARVEL transmembrane domain
RCE1 ENSG00000173653 Ras converting CAAX endopeptidase 1
ACSS3 ENSG00000111058 acyl-CoA synthetase short chain family member 3
ALDH1A1 ENSG00000165092 aldehyde dehydrogenase 1 family member Al
BCL10 ENSG00000142867 BCL10 immune signaling adaptor
AMPD2 ENSG00000116337 adenosine monophosphate deaminase 2
DHODH ENSG00000102967 dihydroorotate dehydrogenase (quinone)
TPH1 ENSG00000129167 tryptophan hydroxylase 1
MAPK1 ENSG00000100030 mitogen-activated protein kinase 1
PAFAHIBI  ENSG00000007168 fe'gbel'aetg?;tl‘l’]%t&g?tff"tor acetylhydrolase 1b

core 1 synthase, glycoprotein-N-
C1GALT1 ENSG00000106392 acetylgalactosamine 3-beta-galactosyltransferase
1

ECD ENSG00000122882 ecdysoneless cell cycle regulator
ITPKA ENSG00000137825 inositol-trisphosphate 3-kinase A
PAHA1L ENSG00000122884 prolyl 4-hydroxylase subunit alpha 1
RFK ENSG00000135002 riboflavin kinase
AK4 ENSG00000162433 adenylate kinase 4
SEMATA ENSG00000288455 semaphorin 7A (John Milton Hagen blood group)
MAT2B ENSG00000038274 bm;;h;zgiunneitadenosyltransferase 2 non-catalytic
POMC ENSG00000115138 proopiomelanocortin
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PLODI ENSG00000083444 ErocolIagen-lysine,2-oxog|utarate 5-dioxygenase
SIRT1 ENSG00000096717 sirtuin 1
EDNRB ENSG00000136160 endothelin receptor type B
SEMA3A ENSG00000075213 semaphorin 3A
DHRS11 ENSG00000275397 dehydrogenase/reductase 11
TPT1 ENSG00000133112 tumor protein, translationally-controlled 1
GCNT1 ENSG00000187210 glucosaminyl (N-acetyl) transferase 1
SMOX ENSG00000088826 spermine oxidase
AMDHD?2 ENSG00000162066 amidohydrolase domain containing 2
SEMA4F ENSG00000135622 ssemaphorin 4F
GALNT16 ENSG00000100626 polypeptide N-acetylgalactosaminyltransferase 16
IPPK ENSG00000127080 inositol-pentakisphosphate 2-kinase
VKORC1 ENSG00000167397 vitamin K epoxide reductase complex subunit 1
PIGV ENSG00000060642 Eg:p\r}atidylinositol glycan anchor biosynthesis
PAK1 ENSG00000149269 p21 (RAC1) activated kinase 1
sOs1 ENSG00000115904 ?OS Ras/Rac guanine nucleotide exchange factor
CTF1 ENSG00000150281 cardiotrophin 1
NUDT5 ENSG00000165609 nudix hydrolase 5
MGLL ENSG00000074416 monoglyceride lipase
BBOX1 ENSG00000129151 gamma-butyrobetaine hydroxylase 1
GSTP1 ENSG00000084207 glutathione S-transferase pi 1
CLEC11A ENSG00000105472 C-type lectin domain containing 11A
TNFRSF19 ENSG00000127863 TNF receptor superfamily member 19
GXYLT2 ENSG00000172986 glucoside xylosyltransferase 2
PLCB4 ENSG00000101333 phospholipase C beta 4
CHACL ENSG00000128965 ChaC glutathione specific gamma-

glutamylcyclotransferase 1
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SOS? ENSG00000100485 gOS Ras/Rho guanine nucleotide exchange factor
HDDC2 ENSG00000111906 HD domain containing 2
SGPP2 ENSG00000163082 sphingosine-1-phosphate phosphatase 2
SGMS2 ENSG00000164023 sphingomyelin synthase 2
ELOVL2 ENSG00000197977 ELOVL fatty acid elongase 2
CPS1 ENSG00000021826 carbamoyl-phosphate synthase 1
RRM2B ENSGO000004g302  [Ioonuciectide reductase regulatory TPS3
EXTL2 ENSG00000162694 exostosin like glycosyltransferase 2
STEGALNAC2  ENSG00000070731 SSLE; h-acetylgalactosaminide alpha-2,6-
CYP39A1 ENSG00000146233 (iytochrome P450 family 39 subfamily A member
OXTR ENSG00000180914 oxytocin receptor
SCGB3A1l ENSG00000161055 secretoglobin family 3A member 1
TYRP1 ENSG00000107165 tyrosinase related protein 1
MAN1C1 ENSG00000117643 mannosidase alpha class 1C member 1
PDE9A ENSG00000160191 phosphodiesterase 9A
NUDT2 ENSG00000164978 nudix hydrolase 2
CSRP1 ENSG00000159176 cysteine and glycine rich protein 1
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