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Abstract

Toxoplasma gondii is a globally distributed obligate intracellular parasite, and about one-third of
the population is latently infected. After acute infection, T. gondii persists in the host in the form of
tissue cysts. This long-term parasitic state provides a biological basis for the interaction between T.
gondii and tumors. Epidemiological evidence shows that the serum positive rate of Toxoplasma
gondii in cancer patients is higher than that in healthy people. Meta-analysis shows that the overall
risk of infection is about 3 times that of the control group, the risk of brain tumors is about 2 times
higher, and the odds ratio of infection risk in children with hematological tumors is 6. However, the
above association faces major methodological challenges such as selection bias, measurement bias,
residual confounding, and reverse causality. Bidirectional Mendelian randomization studies have
even suggested that genetic susceptibility to brain tumors may reversely increase the risk of infec-
tion. Therefore, the “carcinogenicity of chronic infection of Toxoplasma gondii” hypothesis is far
from confirmed. Mechanism studies have revealed that chronic infection promotes tumorigenesis
by inducing persistent inflammation, remodeling tumor microenvironment, and weakening immune
surveillance. In the acute infection stage, T. gondii activates Th1 type immune response, up-regu-
lates IL-12 and IFN-y, promotes the infiltration of CD8 positive T cells and natural killer (NK) cells,
and inhibits the growth of solid tumors. The attenuated live strains and non-living components de-
veloped based on this have achieved anti-tumor effects in mouse models such as breast cancer, mel-
anoma, and pancreatic cancer, and have synergistic effects with PD-1 and PD-L1 inhibitors. On the
basis of summarizing the above progress, this paper focuses on the critical analysis of the method-
ological quality of epidemiological evidence, and deeply interprets the subversive significance of
two-way Mendelian randomization research on causality inference. At present, the research still
faces challenges, the acute and chronic infection stages are difficult to distinguish, and the clinical
transformation path is not clear. In the future, prospective cohort studies and transformation stud-
ies need to be promoted in parallel.
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1. 5|8

5 W (Toxoplasma gondii)&—Fh) 12 A T BRI LA N 77 A TR . SEEAE NP 5 R
IgG HUARIMIFBAPEZR LI 13.3%, B AU BE R SEKT Fh im=[ 1] o S B AR IR QB LS AR, 3%
T FR A b DXRAE FR 55 T HRAR ML BH M % 08 58%,  YPHRERTRiAT HH R HEIX Oy 30.6% [2] [3]. ZIZE
RO —BERM, AR Y R ) T RARE, SRR g XU 2 0 REZEL ) 3 A4 [5]. M
e 5 5 T U G RC BA . Meta 43 AT BH =5 J1 B G5 fini Jif g s XU 19 I 24 2 i, o g A i i
Jed RS, T = DG IR [6] [ 7]

NPSEE RN, Bk S % BRI IR A K, FRRE CD4 FHME & CD8 FHME T 48 B e i i PR 5% v
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B E B8] [9]. MAMFFFLUESE, =¥ B E 1 B N FLIm 40 M3 S AT #, 4% BRCAL. MYC #
IL-6 321K [10]0 JkEE 5 T Bk S AT AR o0 75 2 T/ BRABEZRY bt FR 3t H9R 38020 . SR, — B2 T UK
Biobank 1 FinnGen #{4# i) 30 ) i 8 /R BEATLA I 78 A R I =5 71 HU L7 BH A4 -5 i e g XIS <2 ) FRD 81 SR DR BB
ST 2 7 2 P P e 88 P 38 A 5 SR T RGN 5 2 HRUBR G IR (11, 3 g EE 0 B L & o0 SR ARt T A% 2
JE T TS o

2. SEHBZRSMEXENRITREXE
2.1. BERITIREUER

Anvari 55 NGIN 57 TR 720 R Guiid oR, Fadie B3 5 8 S s B 26 30.8%, LLAELE A 3.1
[4]o Liu 58 NE T 18 T U 2525 70 4 o5 iR £ 5 T RIS PR 260 18.43%, {d HEXS HE4H N 8.19%,
BN 3.18 [5]. BN —TGYN 721 4R 8 R W o F R B, R 5 TR PR B M
31.2%, 100 4 fEEEIEH N 13.0% [12]. & HUISHRE 1 10575 B 1k 3R AEAE 3K 22 57 (18.43%~58%), X it 57t
JRPERTRe 5 AP A I A @ PRI LA iR . 45 13RI 5 % dURGLAE IR s h s Ry
Wk, AHIXFPOCER T T0 SR R OC RR . MLtk g 2L F ek #,  H aiAE LT .

2.2. e BhE JEBUA0 SRR S AT

5 [ () — 0 (T B L R, R R 3 5 8 RUME BHPE RN 18.3%, fEEFEXTHRZH N 8.6%, % 5+
TEERR B E TP N [13]. Abdollahi 25 AN 13 T FC 2SR ATIESE, 5 2 HUB G 55 0 ek e 22 44 X
Wi, SR LA 1.96 (95% CI: 1.30~2.94), R LN 1.64, WifERI N 2.30 [6]. BiBENE
FAFIB TR, 5% B SAG-1 FtJi =3 2 Jid i 98 XU =7, CPSTI-NC BA%1] OR =3.35 (95% CI: 0.99~11.38),
Janus FA%1 OR = 1.79 (95% CI: 1.02~3.14) [14].

SERIRE T, s B S TR R 1gG PURBHTE RN 16.72%, XTHRARN 8.25% [15]. FMRHEE 5 E R
HIORERTE AR, 35 S — TR 7 i 2 L S8 52 L 1gG BHTE R Bk 96.1% [16], HIX 445 PD-1 H1
PD-L1 FKIATHEASR[17] [18]. Ffidfi b, v s B B 70 % 0 A8 2 38 PH 29 61%[19], Bajnok %5
NAE i U Bpm A p A3 HH 5 T B DNA B R AR [20]. I RMIRI B S0 A7 5 Py e B 5
& H 1gG BRIt X R [21].

MR RS RE 5 5 T BRI CHE LB B FH P U v . Kalantari 55 AIBF AR R, JLE M
TR B 1gG FHMERA 36.6%, XTHRZLN 8.7%, LLAELLN 6.07 (95% CI: 2.97~12.40) [22]. A MR i
IR B ISR AT S B XU 38 N2 2.4 £5[23],  FLISHE XS OR = 3.05 (95% CI: 1.83~5.08) [24]. H1 [
JUEE MR R D R T, B LIMTE A EZE N 19.8%, 18 AT RN 9.9% [25].

RERITRETRITT EFHE

Table 1. Representative epidemiological studies on Toxoplasma gondii infection and cancer risk
1. SEHBRESHBEREHARERITRERR
BEAR  1gG BHME
ORI O] vs

EEAE Ex/ MR B
fr o HIX M it

B fH(OR/RR,  THEE MR

95% CI) GES TR R IR

) TR
CPSII-NC: OR = g SAG-1 HiJF 54 H 1gG 45
Hodge  sepm oy ATBEYE P5ANBAE 3.35 (0.99~11.38); %Zz: RARTEA 5, HEARA
2021 [14] R gt o Janus: OR =1.79 7> T H~ wo evayom /o o8 8 431X ]
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&9 OR = 1.96 .
Q e i 23 S ) )
Abdollahi Z[H . . %fﬁAmAn (M%M@ﬂ%ﬁ%ﬁﬁ%ﬁﬁ%wm%ﬁﬁﬁﬁﬁﬁ
2002 [6] ey WA B T s LS B MR IR i
= -0 7 25 VE
4t WER OR - .30 SN S
Jung IS 7117 ) ) 18.3% vs wn meny SEHUOD: FEARED KRR
2016 [13] BRE R e 93/93 % 6% P<0.05 R PR SRS TE OR {82 X ]
. itides; £ wn g SRR REARRAL;
20isps T o TR 900000 61% (it e M S
) ’ AT A2 5E
- PRI 35 5 7 2 B T
Mostafa . BN S " o L PR RetlE); JoXt iR
b g i _
2018 [16) R T BT ﬁgﬁ% 96.1% x %&ﬁﬁogﬂ%&EEﬁ
IR
. Bty BEAREAMR; R
Kalantari JLEEIM 9 5 5 36.6% vs OR = 6.07 A s b o e g s
201822] P g m 1231200 T 2.97-12.40)  FlEs PERH &Eﬁii@é&%ﬁﬁ
Duan ., g JLER BT L6160 19-8%vs OR =223 ERYL MR ROy RPN M
2019 [25] (b He 9.9% (1.14~4.35)  J. FEAH s Al
I 0 AR BRI T 5L U TE VR A S B
Du2025 ?ﬁ$ RilbiE 7217384 SL2%vS OR=3.04  4EW. ¥EBI 7 RIIERE/AES S0
[12]  (ZF) P 13.0% LR
A B TR 2

%1 RGME 72O SR BOHRIE . BB TR R R .l BT L, BAIE
P B R A AE S ST ATV ASIBIE TESR A 1 Ik e PR (R A 2D, K22 0T T D 191 o 8 sl
Wit ANFEIBETON TR A% PR R R R R 22 e @ ks LS S AT T VB A B A FE IR AN G —

2.3. {REHLEl

5T HUBGLRELEE EAR N SRR JORE I M« J5F GEO ¥ (W S AT iR, 5 8 duU guid
Iz S AR A TS A5 5 I BRI SRR R A 18] SN 4> T THESE R B, P EEYCIRE TN
T4 7 S ENIK I JRE K miRNA 2048 AT REXE 0 208 KK [6] [8].

5 T8 BB (1N ST A R TS 2 miR-21A-5p [F4MAA, il i 8 ) PDCD4 S5E419a BL g i UST fi
Jo IR A LSS B [ 26] o

Ga e 5 e b 5 — N EE L o 8 P B ) T T S AR AT, I SR ALK iR )
MANEBRAE T TR0 ME 5 T dUR G /N RS AL b, PR oA s R CDS B T 40 F0 Thi 4HMai/>, iR
R, T BTH8]. X5 F M B WS 2 PD-1 Al PD-L1 RiaTHE—E[17]

5T BUBRGLE ] BB I TP E 32 40 A I R R IA I 48 52 ma i . ROP16 @ik STAT3 155 @1
Perg LA TRBEIE27]. 5% R EE R PN BRI 515 EARRME T EE T A, ke i
BeRF Ik BG4k T BA BTG TE ) ROP18 82 (28], Bk 74 AMIEE T %8 L bR I ROP18 1 ik
FICRR[29]. 181k R L BE (0 B AL LT fE S50 DNA 545 241, B 58 RGBS 18 R4 AR
Fe s EAE A 7Ry, FRiE— IR

2.4. HXMSEERY
H 87 K Z HEIEYE >k B A W alom B 5T BT, S DA 32 5 7 B RCGR A N JJ88 R A ) B 8] 4% J& U (6]
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L5 A TEVE X 7 SRR 18RI ARIE R PR IR, AN R R BORH 88 50 7] BEAR IR AT % [8]
5% RURGEIRAT 32038 R S 2 G BrIRILAE R 3R, XSRS Bt m] BE 55 Rg AU AR 5K
iR S DhRRAC R, B RAE SR TS, S LI P L2 n] B S B J5 R T AR R 0L i 7R
BEALAL I TE S IR — A, H AT R BEUE S 5 T HUR 0T 0 bR A7 A R RN, Mo 1 S il (RLER 56
REIFRE(11]. SRS MR AAERAT I 2R, (BRI R VR I .

2.4.1. NEEHROEERE

YHTUES A RAEAES T RS WA, 7R B SRS AE R Sl o T % Bt 1R (9 0t B AL T 2 1% 40
W MRE AR, (H AT IR B A A A i A e B IS A B B B B g AN A, TN
MR 2 ok BB RIS N BB I 51, 58 RA “EREEEE ML (healthy volunteer bias), 5% H
TR RE R AR T — AN, AT R 3895 51 41 5 508 R 2 ) SRR e 28 22 572 (5] [6] [30] TR A% B 5lifb sy
T G % IR AR A 1T B A 7 OR B G PR OS JEHE =y B P VR 2, U0 B B i iR th VA DX T 45 )R 2 i
X Fh sz [7] K] B (reverse causation) 2 97 151 % J& 152 X DA Sw AR 1 5 M PR SR FE (3 1] [32] T ARG I AR 1 Jai R
PEE— DI 7 2 FE B R 2 2RI AU . H A48 K 2 B S AR T 5 B 1gG Pudd, iZdRR I R «
GG, VR B R AE IR RN G O B IgM AR TG o A 136 (1gG avidity test) AT 4 B T
I ARG [33], AREEARI UK F I S o ANIRI RS AR ) R AR e B 22 e 3, fESE D
ICF B BRI XS 3 5, FHE (cut-of ) 158 TRk = B bRt —hndE[ 5] BPEEARIN 7 VEAR, R AR
A EE R FUME AR BRI A R R o 5 T USRS i) 32 BB DN 3 —— A BRI bl A 305
Jefy L3, I RABEKFESE—S5HS@P A 32 /maERE. BOLRFERNAE K FEUIHEX,
J5 2 [FRE A2 22 M TR 1) O R s 72 AU IR 3R (3010 2 BT 98 R 78 70 R AR AR IE IR AT Oy S ph AR &, |
SR TR R TR AR, B ARV AR RS TH T HA A T AR 4] [6]. HbAh, R T Rt —
Rl A RN . INEYR ) ) A ST 3R A B P 25 SRS B G i SR AN G, T B 4 5 S T R R T K A
SR OA R Tl s R Egger fui i n I BEAEE R KM [5], HIFIEITE R Lrk x0T ik
171 70 vEAE[4]
2.4.2. WEERRENUHARRE TR

76 ER TR BT 5t R, Shi 28 A\ [1113T UK Biobank fil FinnGen ¥ 2 it X ] 72 /R BEA LA
(Mendelian Randomization, MR ¢ 9K ¢ R AWML 1124 S m ZUn IRt 4k ds , a5 e E 15 5k
Wit

MR | FH 5 5 88 (0 5 % JURGe)AH R B G A (AR HIR 2851, SNPs)TE AT RARE, BN
FEARIS I “BENL 27 o BT IsE AR S e SRS I B OO 8 HAS 2 J5 RIS sl IR A 5o, 1207 V28
Wb AT O AL S WS PRI 5 oxE DL AR ke FR) T 2% A e AR s 1) BT SR o) @ [34]. XAl MR AR 35 AE T 7] [3]
A S “FREELER” M S5 R—FRER 7 AT IR IR R ER A

A FER S AR I A NIR B . FERS IS 5 T8 KU AL FH X o ek g PRI DR SR AR B, TE 1] MR 43 At A Az il
FIEAT G TE 2 0 2 (R R RN, BN SRR 55 8 H R o i b Jeg AURG: OB IS8 s T R A 60 Fok b g o =5 T
I35 FE PRI e ) PR SR B AR, MR A0 AT 20 A B0 1 S8 o Jie R s A 2 P 189 0 5 T2 FRURR S XU R B s MR AF
T, REGIUHFRELL TR X “RmBER” 155 BTG T PO
AHTRRERESE, SRR MR S R S EUN A DI RRAR TR T REEG N 1 3R = T HUR) FHSOE M 28 5l &
TGl 2y, ITTAEAT 8 B (0 IV P M 28R B iy, T ARG Bk 1 Mg i R A [ 117

58, MR BFAA S INE HOTEZ R, MRSy 75 CREF e 1 TR AR SRR (1 R AR S LA BR (T
RESZMGETE20RE) s 20T S B T RN & A TR ) o A e it wT 4 )« 45 Jm 02 i e (A s
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I8 ROV R A6 AR IR IE ) TCIE B B2 S 58 VR L i B I 22 S M AR . HLJGVE 58 A HEBR /K 7 2 3tk
(horizontal pleiotropy) X i 11 (1) T4 [34]. KItL, A FEA HbSEE T “ 5T REUS” Bul, (HA 24
T 75 12 e Gl ok ) S A AR A P A X AR R A B A (e VR FH PR T e A o I LA i e R 4,
WL Z T UAF 488 (A e /I8 2 I 4 B R TS e s A MM [2 6 ATY A B ST IR ANE, 7 B 5 AT FE 4R AT
B AE E AR E o

3. SEHENMEREETEN
3.1. BB RNERMRW

SRR I B R R LA B . BRI B, 5 s AR FU I S RV AIR A 1 s S B
ANBRBERL R, 2GR CD4 FHYEAT CD8 FHYE T 20 A A2 IR SR 55 vp (K s et o, e 2B KAz
HI[8] 9]0 IXMPR AT 5 T8 N Th BY GeRe N2 0, 4% B IL-12. IFN-y Al TNF-a, ##% CD8
FHYE T 4HAAT NK 40R[35]-[37]. BHEEREE, %% R2gua TR, MREMERSES T 4n, Mg
PRRRIE R, TERCR BT, HE N 171 [8].

3.2. BERENLE

5T BUGR E TL-12 A IFN-p BRRSEF= A2, 1R Fh 20 o DAl 1 5 98 g SR B, ) i A A ke, ik
JH R 4R BRI T2[9] [36]. TFN-y i85S A% ENGEZHALH CD115 a6 mTOR 15 5 filk], SR THLHEE
WA AR SRR, ARG T 5 A0 % [38]. 5 HUBSLIR mbt R 2R . FEE AT T 4.
$Em CDS FHYE T 45 Treg HILLHKI, #0H| VEGF A5 I8 A U FEZ [ 39] [40]0 20N AR I 7E e rh 370
BEMAM, GRA4 HEAHEA TBKI #6151 B FHERNE[40]. 5T R E T B ) 2L 40 il MCF-
7 1 MDA-MB-231 KJ3EFEAERE, & BRCAL. MYC Fl IL-6 HIRIEHEE[10].

3.3. mEHRSIEEER IR

PR B B e R 2 T (R BT  BR EO ARS: , BF FLAE O  E HORA T IR ER I bk . — ISR IR E
FREPE (U0 RH-Aompde F CPS), TEARSNT ZEIRMENE A fe A=K, BEN SR N J5 T35 il 3G [35] [41]
[42]0 53— R BL R BR KR (U1 ME49Agra5), B sRFEAHSCHE N, AU A 2V FE, IR B S )% R BRE 71[43].
FLAME A, RH-Aompde il ME49Agras $I| SR AR A= 1, WD il #%,  aEK A A7 R [35] [43].
RIS H, CPS A RHAGRAL7 {f QUL W IR IR 4E, #5 5E AT R [44] [45]. TRIREBE
PEEARIBD IR i fr . IEKAEAF ], PR OR Y I 102 [46]-[48]

TG AR o LG 55 T R IR IR AN RN WA B AL RO R 2R 1 GRAL BRfR1A L ROP. RT4T4EER
1 profilin). Z3 WAL R ZE ST 98 /N SR P i T ISR JEAIE T2, caspase-3 Fll BAX JH i1 BCL2 MK, 1
il VEGF 1 iNOS /3 B ML A 5 [39] [40]. SikEeif HAHLL, ARGEAR B0 A B ge KRS, {H G )3
SR EE AR TR, WP 2 eV S AT R A R

3.4. BRARTTHIR

5% 85 PD-1 1 PD-L1 #il 77 B ECA 2 H i 7Ed 2 1007 ). BRARRE AL H, NRTUA RS
Pt PD-1 itk am CD8 PHYE T 40 AN IFN-y 724, S/ BETR I A0 [46]. Zhu & NI 5T R I,
1E BT i A2 i m s b, RHAGRALT7 IR EFMREX A PT PD-L1 TR A 55 35 A0 Az A Ay 5 1) fiek
IR AR, M TFN-y FHIER CD8 BHYE T 4HM0[45]. 5 2 B G e M 1 <A IR 5628 N G e i
BRI “H0WIRE 7 NS R E s A A QG St . ARRATERER 54097 HUTEL CAR-T 4H AT V2

DOI: 10.12677/acm.2026.1652065 2547 Il PR 2 2 3t


https://doi.org/10.12677/acm.2026.1652065

IR (491
3.5. IEARFEALHRIEIER S RR IR

SR T FE 45 R N Sedk, (88 SR dur ik WNSE e s HEIm R A, T2 B L RAR R AT,
WWAE A 2o A RAR IR T =R TR 55 SRR R SR

3.5.1. REMERSHE

ity EEL ) 750 (T 1 XU A2 I PR A 1 B o RV PR R B AR (1 CPS RH-Aompdc), H it
A AEAEAE T R S S S BT (I PR R R G IRER) A A R B A ) ] 5 R AR PR AR A A KU, T
BE S SO AT 4% [R5 28 SRR 98 [41] [42]0 JEICAE IR B3 5 A B I REAR RO 5ER, X — KU pldt
— IR, BhAh, ANFIZER R 5 B8R 2 5 B, S0 A BRSNS AR IR 1) s R YT R
A BEAFAEAR R DX, 45 s 8 AR A v AL LS BR[36] [50]

BT BB 2z A PERRAR, A EE 0o B S IR M BRI AR TS A A B A AL B — AR
PEfh. BRI, FIET GRA. ROP S5 A PusF R WA A% B ok mRNA S, 8 #1051
A MR AS S B R e UK [39] (4815 B AT FH T RE AR AN A s ok a8k Ak, 70 {3 B S 28 TR0t 1A 1 ) B
W IRE RS BAE K 2 A Fa B . B RARFRIRIR T 5 HORIRSNB AR AE N IR sz i sy THRE ), 18
H Al A Yk B AR AR A T3 TR AR 2 AR T AT D38 [43] . A, 30 75 ST A 1A i A KT BRI A
e, BRORZE™ i JoiE AR

3.5.2. BEEREWER

AT A A0 (R 46 T 25 TR A R B — E R o 5 T T B g2 RS 14 B 1 (0 ROP16. ROP18,
GRA4 Z5)Z NS IEMAOL, R A% RIK R G (WA ) AR TEVE IR A5 B A IR B A AN AP~ 1 1)
HAEA. A, SRR R ARIEE . MGG E v REAAE 225, X LA 2 259 B AR ik e
— B R,

R FIRZ N, T RIET BRI A A% R AR R, DU R E AR
FIERT & SEE R B . Gk E S OF B RERIE KRG 4tk 7 H A BEEEEK ROP18 21, N
FALRIE VB 1E 5 Y A AHl & AT MR 4 T AT IE[28] . TERLEERE b, Mg Timas B A aifE . A
FR/KF 16 E4UH5R EH DNA LA IR G2 15 PR AR WA 8 S5 G BEAR bR 7 A (VTR S s AR AR R o AT AT
FVEANLI R T 5 T AN A 73 B % e BOR AL oy 0 W 538, N ARTE R 7= S A T2 1k R (0 L A it
THEARSH[43],

3.5.3. IR R HER S E

15 R 58 T T AR 1 1 22 B TPk ik

T, BFEEAREMELLAE . TR BB I RS, N R R, BR bR
5 128 5 % HUMYE 2= PRI B N, (EIX 208 A 2 LU e iE (8 5 HERR TR A, M B s 2 A =G
BEINMPRHES o TN T ML PR B, AR N T B0 5 T8 B % B AR e 0V T RUR, 1B RTRE S
R ME CATIORE 9 28 S IS o

P, AT TS ARSI 43 E N SR %) B 1 BB AR B R B AR AR B 43 1 2 B S e T
Wy R BEME R T R AR 70 88 BRI RS AR S e Ve i T 2. At sedath, 5 RN AR R & & ]
Btk RiFfe ARSI SRR, REH THEEENBERRTR43]. AEWFRIES, 5 I
G TR G AU (1) S0 WA A AE /) B2 B e A v L MR i e, RO L 02 i U 1 410 o) 4 i
(MDSC) b7 TIAH K [51]
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HIR, FIEREZEEAE TR WMAEY BT IE N B8O R I ARG —— i 3 i e 2 o]
RE 175 200 Mt D] 7 R S 7 AN R R, 1 R AN A2 W TG RO U R S B

EEXPIX—ER, 1 I PR Rk i R AR e et ARG, B0 R 2 TR = A,
TR FEE T L ARG T a8 T — BB . 2 N A A AR T 52 57 &, B R G
VRS 24 )5 R O A T S M T BE(CD8+ T 40 . NK 4l Treg L) F15&5 4 X 7 (IL-12 TFN-y)
N . B HE AL /N AR R B, NRTUA JEERRIE S PD-1 FLAAI6 T T 25 h SOMR 40 43
WA IL-12, 3800 CD8+ T 4 452 i A Rg 4 S % TFN-y 2036, [RIIHE > MDSC Eufl[52], X ety 2255
R I R 2528025 R s B G E FE A o

W5, RGUIT RO ARHEAE LS T R r k. 5 R G2 iR T8 I Wons P IR PR DU R i R
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