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Advances in the environmental driving factors of clonal

hematopoiesis and the underlying mechanisms
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(1 School of Life Sciences, Yunnan Normal University, Kunming 650500, China;
2 Yeda Institute of Gene and Cell Therapy, Taizhou 318000, China)

Abstract: Clonal hematopoiesis (CH) refers to the phenomenon of increased proportion of blood cells differentiated
from hematopoietic stem cells with driver mutations (ranging from point mutations to chromosome aberrations) in
the circulatory system, and it’s an independent risk factor for a range of chronic diseases and all-cause mortality.
With the rise of exposomics, the effects of exposure to various environmental factors and their mechanisms have
attracted extensive attention. The genomic and exposure data from large-scale population cohorts indicate that CH
is closely related to the environmental exposure of population. Therefore, CH is the key linker between
environmental exposure and specific disease phenotypes, and a potential foothold to push forward the port for
disease prevention and control. Elucidating the specific mechanism and co-mechanism of environmental factors
affecting CH is an important prerequisite for effective prevention of CH and the related diseases. This review
discusses the environmental driver factors related to CH and the influence of environment-gene interaction on CH
and the mechanisms, and summarizes the common pathway underlying environment-derived CH—the
inflammation. The results of this review will provide theoretical reference for promoting the reform of
environmental health research and preventive medicine model.

Key words: clonal hematopoiesis; driver mutations; cohort study; environmental factors; inflammation

S HEA: 2024-08-11; f&EIHEA: 2024-10-29
ESTH: BEFEARBYESTHB32260148); = B8 MEWEA-FHEAATH
*BIEIE&: E-mail: guo xihan@163.com



360

ERE S

374

o B P 38 If (clonal hematopoiesis, CH) /&2 ¥& #%
M it A 9 AR ()3 1T 41 . (hematopoietic stem cells,
HSCs) A Az v B P 43 A A0 438, B I H 45 7
ZRABRMMIE Z MR, WIE KRB RE 5
AR A Y B AR AR (mosaic chromosomal alterations,
mCAs) FIA & /7 5 fEVEIE 1ML (clonal hematopoiesis
of indeterminate potential, CHIP), mCAs ¥g1) & 4t
R B Qe B s R e AR I B k. BB B
PR e A PR R BL R M. IRAT Y Yeth ik
22K (mosaic loss of Y chromosome, mLOY) itk & %Y
X et fRF2R (mosaic loss of X chromosome, mLOX)
3 2 53 M AN A P PR R L) mCAs 2K P g
AR AT A o5 LR mCAs 3 ik A (R
A= 10%) FAES TR (R < 10%)7.
o [ W g L 34 AT YR T R AR OIK Bl PR o Ok AR R T
2% AF S 2547 FE K A (variant allele frequency, VAF)
(R RAE, DRI HL AR 2 2808 AR SRRy CHIP.  CHIP
rh iR N H LI 3R B)) R AR K A AE DNMT3A. TET2 il
ASXLI 23R v ™01 1),

AR, BAFIWFFTIZ4RTT T CH 5 N fk
K FR o AE 2 BUBE PRI S AT 72 BA B A0 3 [ 25 v idh
O JEWFTEA S, 2% i A3 ) DNMT34. TET2
Jo ASXLI ZEFRASFLR K] VAF = 10% I, i i

987 XU 2 o i e N TEE A 49 155 7). ke | o [ AR ) R
(UK biobank, UKB) FJ##5K B, CH 47 # [1E
IR e B0 RS B AE 6 NI N 2 F5 DA B, il 2
SRR AR I A R AR R SR A A ) RV 1
10 £5 UL b, CH b It A7 Ao s 4 3 100 s 19 7= A —
SERS . CH ZEART B o Foh 40 Al LA K DAl Fb 7 2Q
FEA, CH R @2 WELe N R % — B /2 CH M
FATIT I T

BE & BRI AR H 2 e, xR 2 AP 2
IPBEE, A AR B DR 2000 N A 2 5 P AR 1
g FE RN S FENL 52 B 22 AR T 2 RiE . FR iR
%~ (exposomics) NIz I A, A% OB &2 2 T K
BENFEBN, i i 2 8 2H OCHR r Ar 42 88 Ak 4k
i JE 3 e A 5 i R 2R P R e N SIS R ) O B A
K. T2 MB\BII iR B CH 53855 R &= 2 [F) 47
VIR, Wik — B3R CH REEN G RES
FrEmRA (R ) MR T2 —.

AL T AR BIEI FT (A X A F A
I REAZ )t C &1 K 5 CH A 5K 1 N R85 A
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Ak CH WS8R B K AT T i & R J7 1n), DA N
N AR Rt AT TR R AT R A A
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1.1 CH5RERY

JELJe s, 4 R A )t o S 8 A T I P
—ANERAL DA P . UKB F1iERE A FE ) CHIP
517 56 FM 9 3 DR T AR 3 B 3 v T IR B B,
) & T K 5 4B %1 (body mass index, BMI) JF IfiL i
S (TR ASXLT J% TET2 5 ) AL B2 T i
1E 48 28 5 10 2 i) N B R A 2 o IE % BMI 51
CHIP K426 P2, th4h, Hubbard 25 B % g s
RE B AE bR EW 5 mCAs M2, H A HEEEH 5
mLOY [ £ 3 [K K K F 43 (polygenic risk score,
PRS)—— — P4 /N A Bl 22 R AR PR H B A A K
AR B BB AH DG i KU B PP A TR —— 2 Al 47
TEAAR .

/NERBERL FE B iR s T IERE i CH 1Y
2 THLH]. Pasupuleti 25 P % I 4E BMI FITELUEE L4
= /N, Dnmi3a 2748 1) HSCs AE K32 B2 i,
H. Tet2 %7% HSCs Wik £ PEAR #3858 ; 1X 0] g 2
L i & A8 M S 5 Ter2 B2k HSCs 3% 1
R BB RE I Tet2 345738/ RAF AL E T
WEOMAN A Ca® IKFE RS Nfar F Irgl LRI Rk
M HES CHEY . 5 Ter2 2640, AERE/NE A Dnmi3a
AR 50 P AE TL-6 15 Rt —53 K B9 eah,
FE TR AT i Bh 48 RE e R A B0 2 28 B A% 40 B 3 B,
Nagareddy %5 ! 4T flg Wi R AEHE 70 )5 R B, JH R
fife = /I BRI R T 2L 23 By TL- 1B 540 S i 2 i = A
ER MR BT 3 0/ R A, R [R5 976
AL A RN MR R BB R I NG O . AE Ter2 R
A5 P8 2R S R /N B TE I BE RS M S R R,
JEZIN BRI R ) H R0 . M 2R [ i % A
2 FAZ AN ) EL ARG IR = TR R R K, 1T
P RRAM HSCs KGR, 78 Ter2 & AL/
BRI Hh th 2 31 el 2 L B
1.2 CH5MH=

R AL S HL RS R S B AT 2 2K
) /F F . Hubbard % ™ 7£ 436 784 44 UKB £
b5 3 v RIS PR R 45 & B3R E (sex hormone-
binding globulin, SHBG) 5% Y i1 mCAs 2 IFAHK,
S 5 Gyt Ak mCAs NG, H A MERAE G
KF B HEUA KM mLOY 5 £ F5#/KF 2 (A
1IEAH2%, H mLOY KX H: PRS 5 SHBG 2 [a) {77 &
% Bk . Dawoud % P Fi| Fil 8 /R BE LK (Mendelian
randomization, MR) 43 #7 #fi '8 7 SHBG 5 mLOY

] {4 1 [ [ S 5% &R . Honigberg 25 P W 70 £ 0,
R R AR R AL S CHIP B MK, Hrp
DNMT3A 72 5 5 4628 K OV fie o (1) B B R AZ ]
FH T 48 220 08 5 P B A MEVR KT BRI, Rk
E A AL R0 CHIP (& —.

HAr, MEEREREMNXRCFENESE, HE
HLEIE 8 8. B0, Dubey 25 B #f 7t 3 B
Ui M R S A SR E B = 50 B ) E
LR R C R K RIEMG. £ <50 %
e E e, i SRS E RS Ml C RN E
BIEMK. B EERG=ZARICNER, B
W J /N R ) U v A 3 S B AN S S R L AR
7 BRI £ MR 9 T 1 R 0% 3R TR 208 B 3 I B,
Adachi %5 M1 K HUHR 5 5 2 A P E I T 0 ) e
PERLAH M 7 A2 TL-1P 5 17 75 /0> B AP E I 1 B i
B2 ARM ) v VR 20 L B 9% 1 B WA e R TL-1P 1
P24, Ak, Nakada 25 ™ R I, MERE/N R HSCs
Iy FEHR AR TR s @I O I BRR . DR AR
ST 2% A A A S T S st e S T v, AT RN
AT R B AN 3 HSCs 4> 24 R0 21 48 M A= i, 31X ]
A& MM F k3 CH M ALH 2 —. PR X HSCs
(RS2, 45 ) 2 B M 2870 7 HSCs 3458 5 4 L 1K
THUE], HRARMFIA T W2 —.

1.3 CHEBEWMEY

H AT 3 B BA S 72 1 R RSt g AT
HAEE, FIHEMAEY S CH 28R A i,
EA LW 5 C A /N T IT . Josefsdottir 25 )
RIL, TTREAR R S EUN R IE AR RE, T
Pi STATL {55555, W 52 Mo REL 44T P 4 e AL 4
JF R Xt HSCs-Ter2 /N RS R R IF Fe 26 1
FEfEAE AL NTE RSG5, TL-6 K B DA
M BRI A 20 i TL-6 5244 o B3Ik g 3Gn,
AR BE AT s B e A ™Y, RN e e T
I R JRE R NAR B A Ter2 JR 3 93 4F ) HSCs
RAETIREMEY 1. Zhang 25 ™ 300 70 R I/N R
PR B A T S S 2 i [ 4 I 2T 4T e )
SRR 5 B BE O BT TR BRI B, AT U 1T HSCs 1Y
EEICE R15 L S RPN T A€ e TR N
TAREAI A S, 553 BAFI ke 7 DRI 2H 22 N 2
TR, NS Un T S CH 25 ) 0K 0 7] i i )

2 CHESNEMIMEEZER

2.1 CH5IMESHRY
Wt 22 T ) ERIEE R Jee LR T P Rk T A A Tl
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1k, R8TV YL O A T 0 G dth B A 4 BR e Bk
Z o REMFTRIKSIGEN CH B — e e it
YEF . Wong % Y 5t 5 888 44 2 4E % 5 & K kit
AT N, KIL mLOY 5 PM,, Z [AAF1E B & Kk
Bk, H5 0,. CO. NO, 1 SO, Z5i5 YeW) I i 2 F Bk
Guan 25 " % i 25 A FELERS I BT 28 K N (1) PM, 5
1 PM,, 2 572 /K °F 5 mLOY [A| 4776 IEAH <. SR,
Leiser 25 ™ 31 PM, s 1 NO, 2595 Ye) 5 25 N BE
CHIP #5417 A B E MM . Jasra 25 BRI I
Z: 5 5 A0 R BR[0T B A I I CH #5747 28
BN, DNMT34 FI TET2 N EBRAFER, Mg
T 52 O BRI 1 /N B CHIP B 8 & 1 . 2 2R

H 73

75 #& (polycyclic aromatic hydrocarbons, PAHs) /& %5
A5 e R LA B R4 . Liu & PUAE AL T
1 005 4 rh [E 55 1 TN ML AE R 3, PAHSs (1) 5% 8%
K5 B 40 i mLOY A7 7E HH I (1 28 P 7] £ v . 5%
R 5 TR TR R0 s I, F 50 N 0 5% 81 0
Se3E5E T PAHs X mLOY [R50, 1X3R & 5L
F X mLOY BYFENAAFE P [F 8. CH it 5 HAh %
Filys Y 5 7% 45 9. Chang 2 B 731 56 [ A Ml fe
FRAFEFE NS B Jo R B, BRI 5 AR Ak
mLOY TR FEM KM, H5 MRy kA mLOY
EIFM. Muzinié 25 BVl R4 5256 K BRI
AR ML AR o- SEH IS AR T A
AR MM E AR 9 5. 18 B X Y Ytk &
Ak, HATREHE S mCAs KA. Bai 25 B ZERF 5 b
R, FRE S T MR mLOY 265 4 FI4H A7
TR E M OME . dohnd B I N BRI AR B, AR R K
FIPRA AR 5 mLOY 2 IEAR G B,

H AT CH 535815 Je [ ML B Ao/, {3
IS5 G e A 5 % H 7 -«B (nuclear factor
kappa B, NF-«B) #5¢il # £ S A0S . 7F Zhang %5 P
FIE T, PM, s # R BB Toll #5244 4 (Toll-like
receptor 4, TLR4)/NF-«B jd # {¢ #t HMC3 41 fig h
IL-6 1 COX-2 254l ¢ [ 731k . 1M Han %5 P7 | &
Il PP2A-IRE10-NLRP3 7] §¢ /& PM, % & 5| 2 il i
PAE [ S BB 6, Caceres %5 PV R IUIE A PM, 5 &
A R R AR TS K AN T R R S A
fie 33t TNF-o0 B 504K 1T #0375 NLPR3 48 S /N4 25 B il
FHSIL-1BAKF LT . EEEJFRIS Y 1H, Liu
2 DURIUHY (Po) B 75 T 10/ i J5i 41 fil A0 2 iR
JF 4B IL-1B. TNF-a K P /5, Fl A TLR4-
MYDS88-NF-«kB itfl % /& i 1 ] BE J5 3l 9 0 o 72 1 ik
1%, Pb [FIFE 0] @ i 1% 14 4 (reactive oxygen species,

ROS) 123k %5, 6 an4E Pb [ BT 25 1 9256 b & 31
Pb 75 K3 SR A A5 E Rl R 1 7 2R AT 3 ROS =
Az s ek, Pb i i S A B K A B K
GRS T AN S ) B R R 1 I
WIRE LA R G EAL, BRI A N ROS K
%ZJ:J_I_ [60,6]]O
22 CH5%RRERX

B WHIANREEASE N R 2 —. K
£ A 2R R A A2 v R N RN RS ) B
MR, B SRR EHEAA L. Bianchini
2 2 3 3 Mg R (B BEG/N RH T 7SR KB, JE
WG 5 ik i UM R T 5 5 HSCs [A) 2 g tH 4l i %
A5 s[RI 2R E B H KT S & HSCs 404k, {2
HE RNk E Y, % S EHSCs B g k.
Singer 25 IR B, WARRKERE T, K2l
B /N B B SORAI M R Tnfor, 116 R Nos2 55
R] B2 VR 15 4 o 39 5 L R (1 3R 08 2 3 1 n, RIAR & AT
8 33F B8 AR 40 0 7 2R O R AR AR R R R kAR,
Loftfield 25 " W 70 £ 8, 3 FEARIE N BEH) LOY %
ANV N B S 2 42 . Young 25 Y 2 B eb B A
o P 11 o M e P S e LA B i 1) mLOX
K. FEVEEME, CH 5ME 281X R/ AHF
TE— 8 o3 B« 768 38 B P AN B AR £ 39 i CHIP
A, MELKEALPRES CHIP #HHE
HEEERR DS, XRWPRAES CH KRG
ZHAMHE R TF .
2.3 CH5IRE

H i A BABURE R B 5 CH 25 AR B8,
B S mLOY 2 [AAFTEZ DI &R, HIX AL
FRAE 24 AT R 5 AR g U, Levin &5 % F
H MR 73t KI5 mCAs, Ff )72 mLOY, ##
TERIR G R, A RN TR (2 48 98 A2 1) HSCs 3k
AR A, Machiela 28 75 19 197 45 5%
B o 50 R I 2e P mLOX 5 MG B B &R, T
Liu 25 U % Bl mLOX 40 it K T 5% [ 8 28 W JH &
#E47 mLOX MU 2 Z 0 .« B mCAs 4F, CHIP 7}
5G9, Haring %5 B2 78 — IR0 46 46 10 42 1
W98 o R LR I 5 CHIP 2 [A) 47 76 55 2% S5 Bk, van
Zeventer 25 V3@ it N B AL SC ASXL] SRAB R Y
MR 5k 25 A 6. Lee 25 U [MIFE & B0 CHIP, 4551
s& DNMT3A F PPM1D 575 % CHIP [¥145 77 K 5
JEIRAS WA OC,  H S w0 25 1) AR Ze iy T
AW . Levin 5 9 R IURAR 5 CHIP 2 [8] {7 17F
BEMIME, HE MR T ERZELRELR.
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FIFH /N AR A, Ramanathan 25 7' 5% 30 75 HH A
I 15 T SO S BRI GR A AT Jak2 A Ter2 BRE)
SN PR RR . (HE, WX T mCAs [f18K%
E AT SRR = S BB B B8 UE o [RIE, 6T/ ER
B 1) CH M) . 75 AR 25 &5 (AL TEAT SR BRI = .
24 CH5RMULST

TR ST 1 235 17 24 L P [ o 1077 o5 453 35 gk e 4
M. SZ AT s Y] CH 3R 3 R A8 3 Z 4L 1 7E DNA
5115 . 25 (DNA damage response, DDR) 7 5% 3£ [A]
AW RN AT 8 I T R AL i CH ;4B
AW AN AT 3B L 48 i 5 AR B HSCs [k #%
YA A2 3 CH. Wong %5 ™ 783897 #H 5C S bE Bl R
F I AR 78 P R B S N CSTBLI6 /INER R ) Tp53
kA Y R R 1 B 4 M CE B 25 09R T TR AR I R
AR 3A . PPMID 9375 40 LTE 2 R AL I7 254 b
B R AR BUR TR S, PR AR R R AR
KBEH HENRFARMEAE ZHITRET,
Dnmt3a 578 40 M () $8 A AL 545 DLy K P b,
TEMMR B, B2 i O BRI CHIP AT % 8
FER, RN TS BEAR Y TP53 SRR
AR R v K /N S B U7

RUE B AT IT i3 & CH ILE A £ 0T 7,
TR I EIE F 2 — R ORE . Bl A S AZ B T
WOE 52 Ak TLR4 AT 5182 =3B 80 5 Bb4h, e
S0 A N AT 38 5 NF-xB 3 B8 S 30U % /K7
TS PL OT E E RS B — R, RTRRIR SR A
Bl A, BLBOT 51 B ROS 54 YA &
HFKF EFEEEIBR ™, &2 B4 T2k
7T NBEF I CH 1500
2.5 INEMRE

T CH 5 AMJE 9 55 (7] 5% R 1B 72 32 AR
F N B[ 7% (human immunodeficiency virus,
HIV) FH &% 2 . Dharan 25 ™) ) — I35 K 8K F
446 4 55 % UL EAMRIIEEFLR I, CH 7E 3L
BEPMRATRE & 8L, — X R TE
21~83 % {1 BAF F 70 & B HIV J& G Al CHIP AT %
BN E MG, Hoh ASXLT R H WK Eh 5828 5
%, Rocco 25 PV AE 5 — 4 HIV &K 4t & Kk Bl
HIV & 38 b i o o L 1) AL FE R ) DNMT3A Fi
TET2., Wang % ® % 53 9 £ 3% 1) CHIP Ji47 %
W, JF HLAT BE 0 I8 R 30 ks I R .
Lin 5 PV % Bl HIV 5 mCAs 5% mLOY 2 [8] ¢ &
KWk, ABTE WG B R R 14 5 QR K
HELEE DUB P M A A Rk

Kessler % B! 70 #1 7 628 388 44 A& ¥ b i 7
A J5 B CH A1 2019 564K 9% #97 (corona virus
disease 2019, COVID-19) 2 [] f5 % 1J] 3¢ BX, Bolton
26 DY 15 A AL 45 SR . 1 Zhou &5 P i 72 NI
U DNMT3A4. TET2. ASXLI %5 W, CH 3Kz 5348
5 COVID-19 &4 i3 5k . Bruhn-Olszewska 25 %
LRI, mLOY 7E 1 il 4H M 4 ) 2 I 2 B
b o™ E, H15 COVID-19 /™ & 2 5 % 1)k
K, T RESE JE AR B R R 4E L 1Y) LOY 2 I AH X
O R 2 K, Pérez-Jurado %5 P R R mLOY
J2 mCAs 5 COVID-19 /™ 5 f&fF #5%

3 B EEEEXCHRIR MG

Ve —FSRAEPETEIR, CH 5tk 50 2R3
ZYIME . BN, £FxF UKB f) 4 35 ] 4 SC BERTE 5%
RKIL 156 5 mLOY #H2<1Fh RRAEAL 4 P
AR, PREGER R I S st HAR R IKS)
CH. Guan % " 3t F TCLIA. PMFI. DLKI % Jt
Al I i SNP 47 551+ 5 5 mLOY M 3¢ PRS, Z5 5
EoR7E PRS = PM 25 AR LOY 8% 5 T
PRS ik PM 25 AN #F, HAH[FE PM 25 A#FE S
PRS A BE ) LOY & & Tk PRS A&, E[ PRS f1
PM 7E{2 3 mLOY B fE7E W [FIZLN . Liu 25 PV A AE
b TN BN KB TCL1AT #) rs1122138 fi7 55 F
1) C &3[R 5 PAHs Z 524 mLOY F A W2t
YEH, AH[F PAHs 58 T rs1122138 fi7 5 CC KA A
(1) LOY [ 40 i L3 5 1 CA AT AA JE (RIS 5 17 A
[Fi] 5 K] B (1) N BFAE 51 PAHSs % 55 N (1) LOY 7K T4
& PAHs 2% [T, Ah, FE (545 % ). WA,
PAHs }; TCLIAI 9878 %f mLOY 3 3 H B & 1E 3E 34
R AN#ELOY Z 53 2 UL E X R &R E 2 IE
a2 B

T ANBE s L 201, MR RRSBERL
HAERAERE W E 3T THEAN CH ZREK. H
&, RUONIX M FO0 BEAR /N (e ) o 25 b Jik R 2
MFEARBE ) Bk, BiRE X H4EE R, FE
TR IR A A RN HE LK 3 S5 RF A, I AT IR - 18 4%
HAEME TR B RBAL AR o A 0T R . X L
PRk S BOCU AT PR - 8% BAEZ 0 CH R A K )
W TR

4 RIERNEZAINFMEERZECHRIE B
Hllz—

5 CH MR W AA A H R MR E L Hifk
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