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ABSTRACT
The human microbiome, as a complex ecosystem of symbiotic
microorganisms, plays a fundamental role in maintaining homeostasis and preventing
diseases, including cancer. Growing evidence indicates that microbial imbalance (dysbiosis)
can contribute to the pathogenesis of various cancers. This review study aimed to investigate
the dual role of the microbiome, from stimulating tumorigenesis to its protective effects.
This review study was conducted in 2024. A comprehensive search
of national and international scientific databases was performed to identify studies published
between 2013 and 2025. Inclusion criteria encompassed studies related to: 1) the
pathogenesis and mechanisms of microbiome-cancer interactions, 2) organ-specific
microbiomes in cancer, 3) the microbiome as a diagnostic biomarker, 4) the influence of the
microbiome on response to cancer therapies, and 5) general principles of the microbiome-
cancer relationship. Out of 147 initially identified articles, and after refinement using
specialized keywords and assessment based on inclusion and exclusion criteria, 112 relevant
articles were ultimately selected for final analysis.
The present review demonstrated that the microbiome plays a pivotal and dual role
in carcinogenesis. The microbiome influences oncogenic processes through diverse
mechanisms, including modulation of the tumor microenvironment, regulation of host
immune responses, and production of bioactive metabolites. A key finding is that
microorganisms can exert opposing roles, whereby specific species, such as Fusobacterium
nucleatum in colorectal cancer and Helicobacter pylori in gastric cancer, act as pro-
] tumorigenic agents, while genera such as Lactobacillus exhibit protective and tumor-
Eiifs'lﬁqlgoﬁﬁ%%s suppressive effects. Another significant finding was the identification of distinct microbiome
Accepted: 14 Feb 2026 signatures specific to different cancer types, which hold high potential for application as
precise diagnostic biomarkers.
Understanding these complex and dual interactions between the microbiome and
the host is key to developing novel, personalized diagnostic and therapeutic strategies in
oncology. Although challenges such as inter-individual microbiome diversity exist,
advanced omics technologies and microbiome engineering have created transformative
prospects. Future studies should essentially focus on elucidating the molecular mechanisms
of these interactions in greater depth and developing targeted microbiome-based therapies.
Tl Microbiome, Dysbiosis, Carcinogenesis, Microbial biomarkers, Tumor
microenvironment.
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Extended Abstract
Introduction
he human microbiome, a complex symbiotic
ecosystem, is integral to maintaining host
homeostasis. Mounting evidence indicates
that microbial dysbiosis is intricately linked to
the pathogenesis of various cancers, playing a
dual role in both promoting and suppressing tumorigenesis.
This review synthesizes current knowledge on the
multifaceted interactions between the microbiome and
cancer.

Methods

This review was conducted in 2024, examining the
literature published between 2013 and 2025. A
comprehensive search was performed across international
databases, including Web of Science, Scopus, PubMed,
and Elsevier, as well as the Google Scholar search engine,
focusing on five key themes: 1) the pathogenesis and
mechanisms of microbiome-cancer interactions, 2) organ-
specific microbiomes in cancer, 3) the microbiome as a
diagnostic biomarker, 4) the influence of the microbiome
on response to cancer therapies, and 5) general principles
of the microbiome-cancer relationship. Keywords such as
"Human Microbiome," "Cancer," and "The Dual Role of
the Microbiome in Cancer" were used, along with organ-
specific combinations like "Microbiome and Lung Cancer™
and "Microbiome and Breast Cancer." Articles were
excluded if published in non-reputable journals, contained
duplicate data, or lacked adequate methodological quality.
From an initial pool of 147 records screened against these
criteria, 112 relevant articles were ultimately selected for
final analysis.

Results

The findings demonstrate three primary pathways through
which the microbiome influences cancer: (1) direct DNA
damage by bacterial genotoxins, (2) immune system
modulation via inflammatory pathways, and (3) metabolic
reprogramming of tumor microenvironments. Each cancer
type harbors characteristic microbial signatures. Colorectal
tumors show 5-10 fold higher Fusobacterium nucleatum
levels compared to healthy tissue, while Helicobacter pylori
infection increases gastric cancer risk by 6-fold. Conversely,
Lactobacillus species appear protective, reducing cervical
cancer incidence by 40-60% in multiple studies. These
microbial patterns offer promising diagnostic applications.
F. nucleatum detection in stool samples achieves 85-90%
accuracy for early colorectal cancer identification, while oral
microbiome analysis effectively discriminates head and
neck cancer patients from controls. Therapeutically,
microbiome composition significantly impacts treatment
outcomes. Patients with abundant Ruminococcaceae
bacteria  demonstrate  30%  better response to
immunotherapy, whereas certain gut microbes can inactivate
chemotherapy drugs like gemcitabine. Emerging
microbiome-based interventions show particular promise.

Fecal microbiota  transplantation has  improved
immunotherapy response rates in clinical trials, while
engineered probiotic strains are being tested as targeted drug
delivery systems. However, challenges remain in
standardizing microbial analyses across populations and
accounting for individual variations in microbiome
composition.

Conclusion

Deciphering the complex, dualistic interactions between
the microbiome and the host is crucial for pioneering
novel, personalized diagnostic and therapeutic strategies in
oncology. While challenges like inter-individual microbial
diversity persist, advanced omics technologies and
microbiome engineering offer transformative prospects.
Future research must prioritize elucidating the detailed
molecular mechanisms underlying these interactions and
developing targeted microbiome-based interventions to
revolutionize cancer management.
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7 Natural killer cell (NK cells)
8 Short-chain fatty acids (SCFASs)
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13 Squamous Cell Carcinoma (SCC)
14 Akkermansia
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11 Small Cell Lung Cancer (SCLC)
12 Non-small cell lung cancer (NSCLC)
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19 Pan-pathogen array

20 Melaninogenica

21 Ralstonia

22 The Cancer Genome Atlas (TCGA)
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15 Epstein-Barr Virus (EBV)

16 Head and neck squamous cell carcinoma (HNSCC)
17 Kingella

18 Centrocestus
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26 Verrucomicrobia
27 Parvimonas micra
28 Coleuminis

29 Lachnospiraceae
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23 Epithelial-mesenchymal transition (EMT)
24 Faecalibacterium prausnitzii

25 Blautia

27 Parvimonas micra

28 Coleuminis

29 Lachnospiraceae
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33 Human herpesvirus 8 (HHV-8)
34 Anaerococcus
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30 Streptococcus anginosus
31 Herpes simplex virus 2 (HSV-2)
32 Cytomegalovirus (CMV)

e SIS alj)5095 4529 5110 pw )3 pgrig S 493 LAE 1 5950 -0l 0 9 b0 2ebld




IFeB ¢ Y oylod YO 0,90

ol gu—o

325 ol

sl i) Blpapils o s 1ol e 2155 /'l‘ # O\ \mf'
sa o . [ @ \
it i pS S D g | | " :
2 \ / 4
L/l y25Y s Jlomn piiSTr Sl s LS N AR (
A

Sliamy Ol e

£
s p Sy bl a5y 2 33N e 500 / — ’\
" W aaitet | |smememccncncnefaan
PP o SUsih e s \
N\

LYY {)Uol_-
it i p Sy K Bl a5
oo 1 e 25T g pS i gk e S| &

Sty iy ST 1M e LS
= las ;‘Lb’..n
o il ).(!;.J L'_r.l'.oL(auJ.’_a'/ 1% )4.1. T ol 'J‘—-" 5 (o
oS sy Sa T ded il Yois 8

Ay SY M s IS

Jsb 3 Lol (Jslyd U oo iy o Jole Sy ol g o Qo] (Ko K5 23) ol I33) (Sl joo sl & Logrye &5l (SlopuastlS)ls S 51 (S Y SO
(95 (adlons 511l 5 a0 G20 ol po siald Jo 1o Lol (Jlglyd o alag] (308 55 3) ol 1ol oo G331 (oo

wasuis bl dasie Ollllas (V) L)l (gHlew sl 5 pEindg;
2 5 50 o WS gl e clod)lS 3 1) pongSie
59y Slpeds Lol g 3l ggde dile (o2lignS sladiges Jilod
gpew ol ool Caojo a8 00d 7yl (ylb s anseids )3 04k lg el
g ke Jolita (slagsby; & Cud (291 o2 lind 5 sl
5 29Swe salasl Lol odyus olilles (A5 AY) cul
Fos oy s SNl gl o SlapuslS)ly S
Jol S5 839 plope pasds > Culge (e o WAl
5 (4)) S (SOl g 030) (B)l5 Gaglbyw plo 4 5 0rd
Sol Mo B QY A0 AF) cul @il aes 35 > Sl
s 38 ()l slaglbye sl ggdte pomgSee oS Jby
9 4y (SOl e gla b s (asuis cublB Gl sladiges
oatl b wle (qungn 859 > 3l s piy )15 3 1) S50 B3
J o slglbys pasets (Sl g5 (53,5 )3 59055 DNA |
rv.fbl)ﬁ l) )Aw 9 C)L.w9)) 5ul.—\o>o ‘UL‘“"’ ke QM.O.AJ 9 uﬂ)l}f oK
el s S DNA Lo bl o 553 i ol o5
398 wymne Gloyu pasil glagbs) » pSeds (Jpd wl
Y)

Sl SIS G gl500985 S92 5110l pw 53 ponig S 89 WA 2 (§ 9950 -, eb 9 § o Aobld

(V) sl

L S 4 olb
: i s Sl gl gl oM e Aot 50

| ke ApSds Hiphg o 5555

Gyt 5L 2l e falS

adza \)Lbl_.-

;L;J)AE!'.'_QJ.S;JA 0l ‘J‘ﬂ"}i‘
P e Sl
A [ K ilips )l el
P

* | STl i oM S5
P /-‘,")"()‘(J‘E.r“"" WL
o reilap ST LaeadlS oz pl 25T S0l
CHSVA2 A 5 11 gl S HPV s
HHV-8 .CMV

SLjlwleda o (gl GGl (oasild s,
Oy 9 Ll @g119,50 axlllae ;3 0]

930l ) (AT LIE pong)Sue &S amd oo (LS W Oldd>S
Ol § el ) (Jd Kl o il cpl g3l ol p byl
oSsegilio Wle (gy5ld lacdydy (04) A5 syl oy
ooy balyy ool 5385 dalllas (Sl wSiogiig g (uSioglgulio
o sy a4 GB8 Lals clasygliod gl oS pald
Gy 1y dine; aSly ol oo diedin glajleyd g A iy (pasuls
Sy s1d)Shg) Slge g 038 wald b > B8 (Sdj
(A7) 18" Jgeia 1y ol o

Ol @19 S0 G2 5b 31 Wb jaw andunlis’ (5 yig

Lol s yloyd zuls dame 10 Sl (i b plSiadg; (ausuds
Sl S5 ol ool oo &g) (slopilSa o555 a5lo pla il
(AY) 31 g2 iy (slavgyglid 4 g yiwd g dlazel b (un
s S TME Lo )3 uitane Sl Gbojl pongSen
Oy Copiay )3 (ol Gl wiali g (535 3 Gl plic bwg
iy byl plels 4 e Ol ol o)l i
el sl by drwgl D 2Vl Jewily 45 odd (63,84 pamie




YF o0 ¥ 5yl YO 0,93

*

2> el 1) Slecis mles g 03g) 2 Glgn po)lse AlE e
4 gl Cutep)S oSl Sp Syl 2 b (VF)
T Gladshs & ey slopisl 4oy GIBI L pamalessSs
(IFN-y) Lls—gg,05m) 3y S5 5 CDB+ s ol
) Slod g ) pedle dile ol 2 1) Slopgiy (i)l
Gl g Syl il e3g) oyl (blde > aiisu oo de
poidle 3 (Gloydsi @l Wl oo o] Bl 5 2510 (5509500 (i
o bloy) bl b el ) (1Y) 055 st |, i lboyes 5
2 5% Sk g (lag B 555,35) Dectin-1 55,5 YU waw
dgdone jeid dinoj oyl 0 Cladsd de )31 lods b by lylew
Silodiare 3 pomgrSee LA 4 g8 Cuanl 3250 claodls Lol
(VeV) wims e gl 1) Sleydgin

Sl b gy oy )3 (MBI J95 S5 plgisar o Fgise]
OB Qe S (o Joo Sl lashe ade ol phus
Obles 533,15 oy b by )3 (SAlST 5 039 pomg Sy Aol
2 gloyd 4y Gl b awlS S gialy Slag Sl jpas dogile
PD-jo 30,b5] pogsSee oizpen (1+A) cul bsye PD-1
Sleyd 53 (V+8) amd e Lialel 1y oy ol tisw 5IL2-RGMb
5 il potdaslt il eysh o CTLA-4 as
@ Thl el (gl .06 B Sagilipls oty 5T
oS L IS 33le ol ySL oS ol Al dido e d9 1y le)
biye bgdle gloy 3 i @l U urkosd oSKan 57 sitiiuoly
P PP oAb gwdine Gbrusl)lgSee R sgwil (V) 1) Liiws
wisplagise byte) (Jlo plgsar (1)) Wloa ) obml gl 5gigen]
N byl 5 35l |y oge8 i T Wlee eadg e
Bblie 4 boySl ol CalaplSgnlo by 4 2B odd i
(b Gk <05 b plojen 9 03,5 3985 505 (eSS
ol ng oyl ol S Sl 1) el e
(V) 28 (o oo by Wi sl sl 02038 gl
Oy 9 ! @ontgySn dnlllne 43 ozl (glajluloni
dogile 529 b gy 5 pams)See Si> 3 oai] Cliiow
95 e (ninte ol (Sloyd g (el (Sl iSuby
S Sgy 4 Sl &S Cwl pangSee SF 2 280w
o Sigm ] alo Jlays g dawme Jolse 0yl ool st
2 G m g (ile Ol o Wilgie (W) S g STamgn
i3S ot (elbaine; 1 So (VY V) wsl azsly Sleyd gl
oS Cunl Jlow o (comm9See gy ol Slopd sy (b

39 Bacteroides thetaiotaomicron
40 Faecalibacterium prausnitzii
41 Gemiger formicilis

Il gu—i>

Lol s g 039) pomgySan Slpss & Lpsl ol liiee
sy (e S oy s Jse 9 8 b Elgil b (gylolins
polliy paySlyjsd pardpiuslisSyY Jols 039y sbacs Sk
TN (Sis 9 7Y €85 b g M5 ukdpu T 5P oplile MK
pogMe L(AA) cwl Sy by, b asuis 4 B
sloaiiS loasal (sl SOLLS 35 (29 See ol plio dnpunslE)lg S
sl s olols 4 pue Sogdglio Clilllas (V.-
Js.)ul Ml) 6’9)1"‘ uJyL.o dw pmf): KV PR IV L;.Mu
b oolyan o5 (¥ Jgsia) e g anSEN puol Litas s Sl 5T
oy s cwiie clp ey nl CAL9-9 Sl
oSty cldlas izmen (Ver) Wpdie Cgeme (]SOl
ol S5 839) by il o1y )3 (aloste St slagSl
wWyie Jolye 3 ohio Slorwl 5 by padplie (il
Glbbyy dasg > age sloplS ol ol wles,s olulis
(V) Sgpie sleides lbpw (02led 9 335 (ol

PamgsSee 15kl Ol (g glagleyd

Cusl Sloydgin g Slopdeond (Bl Sl oy @l sagley
gty Sloyd Ceaglio wile oo ille L jin dacdpiy d92g L oS
Slodls 555 Ll Ken 5 NEJMaN (ladlas ;3 .(V+F) win
092 S clelaial g o)l Glopw > (IS GAE pomg S
loaidly cpl b9 b joo jloe o 9 205 sl o Al o0 908
S 9 STomgn 0l (swdite Sl g Sn jl odliinl Sl
(YV) 1S o e ligise) (s by Olsed |y pongsSee
o3 5 b LsLatig ol sile (659085 (900 Slacs Sl By
At ) omlimez wlo Slo)3 o slogl lisels Citpn Ailo
Srj 839y Olbyw )3 oSy gyl jsd (imen (V1Y) A8
4 Cuglis el TLRA/IMYDS88 (slajs (siloleb (32 bjl
(Jlie 3 (1+F) 2980 NS 5 Jewlyglyygli=d slag)l>
sl T I § Mg badlosST 35le 53 (slos 51,
Oy ol b ains (el ) Glopend (o)lse Wil H g Y
Sl Bl Cusl (Sas jliig)SslSP aile 2l ySl ol
V+0) 225 S5, Lagyls

by Gloyw olop (ol lagty, §l (S plyisa Sloydsin
S sy e ol Sldlas s 3 63y pomgySue pibices
Lile,ST s55L g lsY SCFAS 1ile pomg,Sae @l 5

,ﬁﬂ) e

% Hungatella hathewayi

3 Multi-omics

37 Akkermansia muciniphila

38 Lactiplantibacillus plantarum

e SIS alj)5095 4529 5110 pw )3 pgrig S 493 LAE 1 5950 -0l 0 9 b0 2ebld




ol gu—o

s l);k}glﬁ

Sb o>
il o SaS lojls b dunshe gun ) adlllae ol plosil (ol

OB s g5 &5 5Lk

o385 snilss 1) atdgicass ol s iy don
adllas opl glaodly oled & gyt dcbld S (gt Bl
5 430 CBd g oy Coue JolS Clgiume g 3)b JolST pw pd
Gl gl odge p Lol Juloo

&b o)l
S ad pMel 1) (milo (o)l g B

‘j.'b).\é 5 S &

slash ¢, leMb d)ﬁié"‘? NS @L.S don Olfm.\i?}

sn oS 1y ol 2l o 5 o QI el o
Seehdiz glaodly agi )3 Copiy 4 b Ban ol 35 Sl
Fup e by blitl 5 385 Jige (lapusille S qal>
5oy lsliwl g 5038 Slalllae s b sai] Glidss (AY) payl
Job 221y pomg S Cliusss oS St sl Clilllas S S 5o5 b2,
BAS iy Syl (plulid 4 Wl oo S (o () Gloyd
(Seoss Slaghyy pledl (nimen S S oy 4 gl
O odzme OMalsi | gy S uSnglglio 9 (uSagi S 5
laaibly oyl a0 ] el ot 9 (b poo (Sl sk pgng S
Sl Shy oelely esdpaid sbpley aws cly lab
(Vo) AY) 05 wimlgs slocy 18 (cagmg e

@Yl Josly da bl 3929l ¢l po B9 53 pgmg)Sin Cliios
liiod cpl Cabge IS )05 b ps Gloyd 9 s 13 Jpo8 sl
ol g j b U5 5Ly liasl ¢ )18 55 Jolge 3483 bl
slagty) drwg 4 b5 pamgSue S5 D 80m E95
Sl S S Sl ©y9po 1) sddigilupand
b el (el s 5 b pongSen G Jols J3Sge
Cugll g ojox (nl > Copdy S (o wal |y dadin slagley
dou5 (£596S5) )0 g WY g0 el Wlg o (gl )y sl gy Sar
38> (Sdjp slp ol wo g amd o (I oy (pisu il oa oS
5 e o @l G Bedyty ool S e Jlgen s
(W) el Gy hles syt 036 slasel

325 Ao

5 Sl oy pll o olaidl cla Shy il jees pongySee
Ol (2lics)lon 5 (295500 gl (o 0domg by Sl (2 ne SnlgS
Clyasd coge b gg  aad o i Gldllas 3y 242
oS 2550 039) pogySee 9 B CL pongSue cuS ) pasde
loliss 1 o ] e 5 (58 Sy g £y 5o Yo
laySls g Sl jdsl Ol (Jolge lapuslSa 35>
S99 Comlen b (Sartn S e dawgs 4 Sl oo chasye (s
P9 yxia odbsilopasid  np sgley (b wizzes 5 YL
S)Son booer il b 5 gl Clides polws
Gt gla sl asl iy o daup 1y Sloyd guls leibdd ¢ gl y oy
9555 e oyl )3 oa] (v pi 5985 anlgs by o e
slaglep Bl a5 35 sl skl g)ie GG 0 el
b el ol (385 (S5 050, b S g paiedan

SV llisMe
oo YS! Jeol 51 (59 m

Sl SIS G gl500985 S92 5110l pw 53 ponig S 89 WA 2 (§ 9950 -, eb 9 § o Aobld

IFeB ¢ Y oylod YO 0,90




Vol 25, No 2, 2026

Jundishapur

Scientific Medical Journal

References

1.Sender R, Fuchs S, Milo R. Revised estimates for the
number of human and bacteria cells in the body. PLoS
biology. 2016 Aug 19;14(8):e1002533.[ 10.1371/ journal.
pbio.1002533 J[PMID]

2.Gilbert JA, Blaser MJ, Caporaso JG, Jansson JK, Lynch
SV, Knight R. Current understanding of the human
microbiome. Nature medicine. 2018 Apr 1;24(4):392-400.
[10.1038/nm.4517][PMID]

3.Xavier JB, Young VB, Skufca J, Ginty F, Testerman T,
Pearson AT, Macklin P, Mitchell A, Shmulevich I, Xie L,
Caporaso JG. The cancer microbiome: distinguishing
direct and indirect effects requires a systemic view.
Trends in cancer. 2020 Mar 1;6(3):192-204. [10.1016/
j.trecan.2020.01.004][PMID]

4.Cho I, Blaser MJ. The human microbiome: at the interface
of health and disease. Nature Reviews Genetics.
2012;13(4):260-70. [10.1038/nrg3182][PMID]

5.Poore GD, Kopylova E, Zhu Q, Carpenter C, Fraraccio S,
Wandro S, Kosciolek T, Janssen S, Metcalf J, Song SJ,
Kanbar J. RETRACTED ARTICLE: Microbiome
analyses of blood and tissues suggest cancer diagnostic
approach. Nature. 2020 Mar 26;579(7800):567-74.
[10.1038/s41586-020-2095-1][PMID]

6.Parhi L, Alon-Maimon T, Sol A, Nejman D, Shhadeh A,
Fainsod-Levi T, Yajuk O, Isaacson B, Abed J, Maalouf N,
Nissan A. Breast cancer colonization by Fusobacterium
nucleatum accelerates tumor growth and metastatic
progression.  Nature communications. 2020 Jun
26;11(1):3259. [10.1038/s41467-020-16967-2][PMID]

7.Cullin N, Antunes CA, Straussman R, Stein-Thoeringer
CK, Elinav E. Microbiome and cancer. Cancer cell.
2021;39(10):1317-41. [10.1016/j.ccell.2021. 08.006]
[PMID]

8.Hanahan D, Weinberg RA. The hallmarks of cancer. cell.
2000 Jan 7;100(1):57-70.

9.Hanahan D, Weinberg RA. Hallmarks of cancer: the next
generation. cell. 2011 Mar  4;144(5):646-74.
[10.1016/j.cell.2011.02.013][PMID]

10.Helmink BA, Khan MW, Hermann A, Gopalakrishnan V,
Wargo JA. The microbiome, cancer, and cancer therapy.
Nature medicine. 2019 Mar;25(3):377-88.
[10.1038/s41591-019-0377-7 ]J[PMID]

11.Altmé&e S, Franasiak JM, Méndar R. The seminal
microbiome in health and disease. Nature Reviews
Urology. 2019 Dec;16(12):703-21. [10.1038/s41585-019-
0250-y][PMID]

12.Bajic P, Wolfe AJ, Gupta GN. The urinary microbiome:
implications in bladder cancer pathogenesis and
therapeutics. Urology. 2019 Apr 1;126:10-5. [10.1016/
j.urology.2018.12.034][PMID]

13.Herrera-Quintana L, VVazquez-Lorente H, Lopez-Garzon
M, Cortés-Martin A, Plaza-Diaz J. Cancer and the
Microbiome of the Human Body. Nutrients. 2024 Aug
21;16(16):2790. [10.3390/nu16162790][PMID]

14.Wilking NE, Hofmarcher T, Lindgren P, Jonsson B. The
burden and direct cost of cancer in Europe (EU-28).
[10.1016/j.ejca.2020.01.011][PMID]

15.Berben L, Floris G, Wildiers H, Hatse S. Cancer and
aging: two tightly interconnected biological processes.

Fatemeh Safari, et al. A Review on the Dual Role of the Microbiome in Cancer: From Tumorigenesis Promotion to Protective. Jundishapur Scientific

Cancers. 2021 Mar 19;13(6):1400. [10.3390/cancers
13061400][PMID]

16.Assi M. The differential role of reactive oxygen species
in early and late stages of cancer. American Journal of
Physiology-Regulatory, Integrative and Comparative
Physiology. 2017 Dec 1;313(6):R646-53. [10.1152/
ajpregu.00247.2017][PMID]

17.Kaszak |, Witkowska-Pitaszewicz O, Niewiadomska Z,
Dworecka-Kaszak B, Ngosa Toka F, Jurka P. Role of
cadherins in cancer-a review. International journal of
molecular sciences. 2020 Oct 15;21(20):7624. [10.3390/
ijms21207624][PMID]

18.De Visser KE, Joyce JA. The evolving tumor
microenvironment: From cancer initiation to metastatic
outgrowth. Cancer cell. 2023 Mar 13;41(3):374-403.
[10.1016/j.ccell.2023.02.016][PMID]

19.Shkoporov AN, Hill C. Bacteriophages of the human gut:
the “known unknown” of the microbiome. Cell host &
microbe. 2019 Feb 13;25(2):195-209. [10.1016/].
chom.2019.01.017][PMID]

20.Liang G, Bushman FD. The human virome: assembly,
composition and host interactions. Nature Reviews
Microbiology. 2021 Aug;19(8):514-27. [10.1038/s41579-
021-00536-5][PMID]

21.van Tilburg Bernardes E, Pettersen VK, Gutierrez MW,
Laforest-Lapointe 1, Jendzjowsky NG, Cavin JB,
Vicentini FA, Keenan CM, Ramay HR, Samara J,
MacNaughton WK. Intestinal fungi are causally
implicated in microbiome assembly and immune
development in mice. Nature communications. 2020 May
22;11(1):2577. [10.1038/s41467-020-16431-1 ][PMID]

22.Nejman D, Livyatan I, Fuks G, Gavert N, Zwang Y,
Geller LT, Rotter-Maskowitz A, Weiser R, Mallel G, Gigi
E, Meltser A. The human tumor microbiome is composed
of tumor type-specific intracellular bacteria. Science.
2020 May 29;368(6494):973-80. [10.1126/science.
aay9189][PMID]

23.Kandalai S, Li H, Zhang N, Peng H, Zheng Q. The human
microbiome and cancer: a diagnostic and therapeutic
perspective. Cancer biology & therapy. 2023 Dec
31;24(1):2240084. [10.1080/15384047. 2023. 2240084]
[PMID]

24.de Martel C, Georges D, Bray F, Ferlay J, Clifford GM.
Global burden of cancer attributable to infections in 2018:
a worldwide incidence analysis. The Lancet global health.
2020 Feb 1;8(2):¢180-90. [10.1016/S2214-109X(19)
30488-7][PMID]

25.Xue C, Chu Q, Zheng Q, Yuan X, Su 'Y, Bao Z, Lu J, Li
L. Current understanding of the intratumoral microbiome
in various tumors. Cell Reports Medicine. 2023 Jan
17;4(1). [10.1016/j.xcrm.2022.100884][PMID]

26.Heymann CJ, Bard JM, Heymann MF, Heymann D,
Bobin-Dubigeon C. The intratumoral microbiome:
characterization methods and functional impact. Cancer
letters. 2021 Dec 1;522:63-79. [10.1016/j. canlet.
2021.09.009][PMID]

27.Doocey CM, Finn K, Murphy C, Guinane CM. The
impact of the human microbiome in tumorigenesis, cancer
progression, and biotherapeutic development. BMC
microbiology. 2022 Feb 12;22(1):53. [10.1186/s12866-
022-02465-6][PMID]

Medical Journal. 2026; 25(2):169-187.


https://doi.org/10.1371/journal.pbio.1002533
https://doi.org/10.1371/journal.pbio.1002533
https://pubmed.ncbi.nlm.nih.gov/27541692/
https://doi.org/10.1038/nm.4517
https://pubmed.ncbi.nlm.nih.gov/29634682/
https://doi.org/10.1016/j.trecan.2020.01.004
https://doi.org/10.1016/j.trecan.2020.01.004
https://pubmed.ncbi.nlm.nih.gov/32101723/
https://doi.org/10.1038/nrg3182
https://pubmed.ncbi.nlm.nih.gov/22411464/
https://doi.org/10.1038/s41586-020-2095-1
https://pubmed.ncbi.nlm.nih.gov/32214244/
https://doi.org/10.1038/s41467-020-16967-2
https://pubmed.ncbi.nlm.nih.gov/32591509/
https://doi.org/10.1016/j.ccell.2021.08.006
https://pubmed.ncbi.nlm.nih.gov/34506740/
https://doi.org/10.1016/j.cell.2011.02.013
https://pubmed.ncbi.nlm.nih.gov/21376230/
https://doi.org/10.1038/s41591-019-0377-7
https://pubmed.ncbi.nlm.nih.gov/30842679/
https://doi.org/10.1038/s41585-019-0250-y
https://doi.org/10.1038/s41585-019-0250-y
https://pubmed.ncbi.nlm.nih.gov/31732723/
https://doi.org/10.1016/j.urology.2018.12.034
https://doi.org/10.1016/j.urology.2018.12.034
https://pubmed.ncbi.nlm.nih.gov/30615894/
https://doi.org/10.3390/nu16162790
https://pubmed.ncbi.nlm.nih.gov/39203926/
https://doi.org/10.1016/j.ejca.2020.01.011
https://pubmed.ncbi.nlm.nih.gov/32120274/
https://doi.org/10.3390/cancers13061400
https://doi.org/10.3390/cancers13061400
https://pubmed.ncbi.nlm.nih.gov/33808654/
https://doi.org/10.1152/ajpregu.00247.2017
https://doi.org/10.1152/ajpregu.00247.2017
https://pubmed.ncbi.nlm.nih.gov/28835450/
https://doi.org/10.3390/ijms21207624
https://doi.org/10.3390/ijms21207624
https://pubmed.ncbi.nlm.nih.gov/33076339/
https://doi.org/10.1016/j.ccell.2023.02.016
https://pubmed.ncbi.nlm.nih.gov/36917948/
https://doi.org/10.1016/j.chom.2019.01.017
https://doi.org/10.1016/j.chom.2019.01.017
https://pubmed.ncbi.nlm.nih.gov/30763534/
https://doi.org/10.1038/s41579-021-00536-5
https://doi.org/10.1038/s41579-021-00536-5
https://pubmed.ncbi.nlm.nih.gov/33785903/
https://doi.org/10.1038/s41467-020-16431-1
https://pubmed.ncbi.nlm.nih.gov/32444671/
https://doi.org/10.1126/science.aay9189
https://doi.org/10.1126/science.aay9189
https://pubmed.ncbi.nlm.nih.gov/32467386/
https://doi.org/10.1080/15384047.2023.2240084
https://pubmed.ncbi.nlm.nih.gov/37498047/
https://doi.org/10.1016/s2214-109x(19)30488-7
https://doi.org/10.1016/s2214-109x(19)30488-7
https://pubmed.ncbi.nlm.nih.gov/31862245/
https://doi.org/10.1016/j.xcrm.2022.100884
https://pubmed.ncbi.nlm.nih.gov/36652905/
https://doi.org/10.1016/j.canlet.2021.09.009
https://doi.org/10.1016/j.canlet.2021.09.009
https://pubmed.ncbi.nlm.nih.gov/34517085/
https://doi.org/10.1186/s12866-022-02465-6
https://doi.org/10.1186/s12866-022-02465-6
https://pubmed.ncbi.nlm.nih.gov/35151278/

Jundishapur
Scientific Medical Journal

28.Nakatsu G, Zhou H, Wu WK, Wong SH, Coker OO, Dai
Z, Li X, Szeto CH, Sugimura N, Lam TY, Yu AC.
Alterations in enteric virome are associated with
colorectal cancer and survival outcomes.
Gastroenterology. 2018 Aug 1;155(2):529-41. [10.1053
/j.gastro.2018.04.018][PMID]

29.Zhang I, Pletcher SD, Goldberg AN, Barker BM, Cope
EK. Fungal microbiota in chronic airway inflammatory
disease and emerging relationships with the host immune
response. Frontiers in Microbiology. 2017 Dec 12;8:2477.
[10.3389/fmich.2017.02477][PMID]

30.Schorr L, Mathies M, Elinav E, Puschhof J. Intracellular
bacteria in cancer—prospects and debates. npj Biofilms
and Microbiomes. 2023 Oct 9;9(1):76. [10.1038/s41522-
023-00446-9][PMID]

31.Shi Z, Li Z, Zhang M. Emerging roles of intratumor
microbiota in cancer: tumorigenesis and management
strategies. Journal of Translational Medicine. 2024 Sep
11;22(1):837. [10.1186/s12967-024-05640-7][PMID]

32.Zhang S, Huang J, Jiang Z, Tong H, Ma X, Liu Y. Tumor
microbiome: roles in tumor initiation, progression, and
therapy. Molecular Biomedicine. 2025 Feb 8;6(1):9.
[10.1186/s43556-025-00248-9][PMID]

33.Chen C, Su Q, Zi M, Hua X, Zhang Z. Harnessing gut
microbiota for colorectal cancer therapy: from clinical
insights to therapeutic innovations. npj Biofilms and
Microbiomes. 2025 Sep 30;11(1):190. [10.1038/s41522-
025-00818-3][PMID]

34.Xie Z, Wu Z, Liu Y, Gu Y, Niu J, Lv K. Intratumoral
microbiota: implications for cancer progression and
treatment. Frontiers in  Microbiology. 2025 Jul
28;16:1551515. [10.3389/fmich.2025.1551515][PMID]

35.Cao Y, Xia H, Tan X, Shi C, Ma Y, Meng D, Zhou M,
Lv Z, Wang S, Jin Y. Intratumoural microbiota: a new
frontier in cancer development and therapy. Signal
transduction and targeted therapy. 2024 Jan 10;9(1):15.
[10.1038/s41392-023-01693-0][PMID]

36.Tini S, Baima J, Pigni S, Antoniotti V, Caputo M, De
Palma E, Cerbone L, Grosso F, La Vecchia M, Bona E,
Prodam F. The microbiota—diet-immunity axis in cancer
care: from prevention to treatment modulation and
survivorship.  Nutrients. 2025 Sep 8;17(17):2898.
[10.3390/nu17172898][PMID]

37.Yang J, Dong Y, Chen Y, Liang H, Rong S, Liu Z, Lang
Q. Tumor-associated microbiota: Multi-cancer landscape,
mechanistic insights and clinical translation. Oncology
Letters. 2025 Sep 16;30(5):527.
[10.3892/01.2025.15273][PMID]

38.Liu J, Wei D, Chen Y, Liu X. Intratumoral core
microbiota predicts prognosis and therapeutic response in
gastrointestinal cancers. Microbiology Spectrum. 2025
Oct 7;13(10):e00390-25. [10.1128/spectrum.00390-25]
[PMID]

39.Zzhou Y, Tao L, Qiu J, Xu J, Yang X, Zhang Y, Tian X,
Guan X, Cen X, Zhao Y. Tumor biomarkers for diagnosis,
prognosis and targeted therapy. Signal transduction and
targeted therapy. 2024 May 20;9(1):132.
[10.1038/s41392-024-01823-2][PMID]

40.Yu L, Zhao G, Wang L, Zhou X, Sun J, Li X, Zhu Y, He
Y, Kofonikolas K, Bogaert D, Dunlop M. A systematic
review of microbial markers for risk prediction of

Vol 25, No 2, 2026

colorectal neoplasia: Molecular Diagnostics Subject
Terms. British  journal of cancer. 2022 May
18;126(9):1318-28. [10.1038/s41416-022-01740-7]
[PMID]

41.Garcia-Castillo V, Sanhueza E, McNerney E, Onate SA,
Garcia A. Microbiota dysbiosis: a new piece in the
understanding of the carcinogenesis puzzle. Journal of
Medical Microbiology. 2016 Dec 16;65(12):1347-62.
[10.1099/jmm.0.000371][PMID]

42.Tang Z, Liang D, Deubler EL, Sarnat JA, Chow SS, Diver
WR, Wang Y. Lung cancer metabolomics: a pooled
analysis in the Cancer Prevention Studies. BMC medicine.
2024 Jun 24;22(1):262. [10.1186/s12916-024-03473-
1][PMID]

43.Rodriguez-Canales J, Parra-Cuentas E, Wistuba II.
Diagnosis and molecular classification of lung cancer.
Lung Cancer: Treatment and Research. 2016 Aug 18:25-
46. [10.1007/978-3-319-40389-2_2][PMID]

44.Huffnagle GB, Dickson RP, Lukacs NW. The respiratory
tract microbiome and lung inflammation: a two-way
street. Mucosal immunology. 2017 Mar 1;10(2):299-306.
[10.1038/mi.2016.108][PMID]

45.Li X, Shang S, Wu M, Song Q, Chen D. Gut microbial
metabolites in  lung cancer development and
immunotherapy: novel insights into gut-lung axis. Cancer
Letters. 2024 Aug 28;598:217096.[ 10.1016/j.
canlet.2024.217096][PMID]

46.Sun Y, Wen M, Liu Y, Wang Y, Jing P, Gu Z, Jiang T,
Wang W. The human microbiome: A promising target for
lung cancer treatment. Frontiers in immunology. 2023 Jan
30;14:1091165. [10.3389/fimmu.2023.1091165][PMID]

47.Raza MH, Gul K, Arshad A, Riaz N, Waheed U, Rauf A,
Aldakheel F, Alduraywish S, Rehman MU, Abdullah M,
Arshad M. Microbiota in cancer development and
treatment. Journal of cancer research and clinical
oncology. 2019 Jan 22;145(1):49-63. [10.1007/s00432-
018-2816-0][PMID]

48.Zhao M, Hou W, Pu D, Li Z, Tu L, Ow CJ, Tian J, Li W.
Impact of Pulmonary microbiota on lung cancer
treatment-related pneumonia. Journal of Cancer. 2024 Jun
17;15(14):4503. [10.7150/jca.93818][PMID]

49.Zhou T, Huang W, Wang X, Zhang J, Zhou E, Tu Y, Zou
J, Su K, Yi H, Yin S. Global burden of head and neck
cancers from 1990 to 2019. IScience. 2024 Mar 15;27(3).
[10.1016/j.isci.2024.109282][PMID]

50.Barsouk A, Aluru JS, Rawla P, Saginala K, Barsouk A.
Epidemiology, risk factors, and prevention of head and
neck squamous cell carcinoma. Medical sciences. 2023
Jun 13;11(2):42. [10.3390/medsci11020042][PMID]

51.Johnson DE, Burtness B, Leemans CR, Lui VW, Bauman
JE, Grandis JR. Head and neck squamous cell carcinoma.
Nature reviews Disease primers. 2020 Nov 26;6(1):92.
[10.1038/s41572-020-00224-3][PMID]

52.Mathur R, Singhavi HR, Malik A, Nair S, Chaturvedi P.
Role of poor oral hygiene in causation of oral cancer—a
review of literature. Indian journal of surgical oncology.
2019 Mar 6;10(1):184-95. [10.1007/s13193-018-0836-5]
[PMID]

53.Santacroce L, Passarelli PC, Azzolino D, Bottalico L,
Charitos 1A, Cazzolla AP, Colella M, Topi S, Godoy FG,
D’Addona A. Oral microbiota in human health and

Fatemeh Safari, et al. A Review on the Dual Role of the Microbiome in Cancer: From Tumorigenesis Promotion to Protective. Jundishapur Scientific

Medical Journal. 2026; 25(2): 169-187.



https://doi.org/10.1053/j.gastro.2018.04.018
https://doi.org/10.1053/j.gastro.2018.04.018
https://pubmed.ncbi.nlm.nih.gov/29689266/
https://doi.org/10.3389/fmicb.2017.02477
https://pubmed.ncbi.nlm.nih.gov/29312187/
https://doi.org/10.1038/s41522-023-00446-9
https://doi.org/10.1038/s41522-023-00446-9
https://pubmed.ncbi.nlm.nih.gov/37813921/
https://doi.org/10.1186/s12967-024-05640-7
https://pubmed.ncbi.nlm.nih.gov/39261861/
https://doi.org/10.1186/s43556-025-00248-9
https://pubmed.ncbi.nlm.nih.gov/39921821/
https://doi.org/10.1038/s41522-025-00818-3
https://doi.org/10.1038/s41522-025-00818-3
https://pubmed.ncbi.nlm.nih.gov/41028744/
https://doi.org/10.3389/fmicb.2025.1551515
https://pubmed.ncbi.nlm.nih.gov/40792257/
https://doi.org/10.1038/s41392-023-01693-0
https://pubmed.ncbi.nlm.nih.gov/38195689/
https://doi.org/10.3390/nu17172898
https://pubmed.ncbi.nlm.nih.gov/40944286/
https://doi.org/10.3892/ol.2025.15273
https://pubmed.ncbi.nlm.nih.gov/41000593/
https://doi.org/10.1128/spectrum.00390-25
https://pubmed.ncbi.nlm.nih.gov/40874758/
https://doi.org/10.1038/s41392-024-01823-2
https://pubmed.ncbi.nlm.nih.gov/38763973/
https://doi.org/10.1038/s41416-022-01740-7
https://pubmed.ncbi.nlm.nih.gov/35292756/
https://doi.org/10.1099/jmm.0.000371
https://pubmed.ncbi.nlm.nih.gov/27902422/
https://doi.org/10.1186/s12916-024-03473-1
https://doi.org/10.1186/s12916-024-03473-1
https://pubmed.ncbi.nlm.nih.gov/38915026/
https://doi.org/10.1007/978-3-319-40389-2_2
https://pubmed.ncbi.nlm.nih.gov/27535388/
https://doi.org/10.1038/mi.2016.108
https://pubmed.ncbi.nlm.nih.gov/27966551/
https://doi.org/10.1016/j.canlet.2024.217096
https://doi.org/10.1016/j.canlet.2024.217096
https://pubmed.ncbi.nlm.nih.gov/38969161/
https://doi.org/10.3389/fimmu.2023.1091165
https://pubmed.ncbi.nlm.nih.gov/36817461/
https://doi.org/10.1007/s00432-018-2816-0
https://doi.org/10.1007/s00432-018-2816-0
https://pubmed.ncbi.nlm.nih.gov/30542789/
https://doi.org/10.7150/jca.93818
https://pubmed.ncbi.nlm.nih.gov/39006071/
https://doi.org/10.1016/j.isci.2024.109282
https://pubmed.ncbi.nlm.nih.gov/38455975/
https://doi.org/10.3390/medsci11020042
https://pubmed.ncbi.nlm.nih.gov/37367741/
https://doi.org/10.1038/s41572-020-00224-3
https://pubmed.ncbi.nlm.nih.gov/33243986/
https://doi.org/10.1007/s13193-018-0836-5
https://pubmed.ncbi.nlm.nih.gov/30948897/

Vol 25, No 2, 2026

Jundishapur

Scientific Medical Journal

disease: A perspective. Experimental Biology and
Medicine. 2023 Aug;248(15):1288-301. [10.1177/
15353702231187645][PMID]

54.Su Mun L, Wye Lum S, Kong Yuiin Sze G, Hock Yoong
C, Ching Yung K, Kah Lok L, Gopinath D. Association of
microbiome with oral squamous cell carcinoma: a
systematic review of the metagenomic studies.
International Journal of Environmental Research and
Public Health. 2021 Jul 6;18(14):7224.
[10.3390/ijerph18147224][PMID]

55.Hayes RB, Ahn J, Fan X, Peters BA, Ma Y, Yang L,
Agalliu I, Burk RD, Ganly I, Purdue MP, Freedman ND.
Association of oral microbiome with risk for incident head
and neck squamous cell cancer. JAMA oncology. 2018
Mar 1;4(3):358-65. [10.1001/jamaoncol. 2017. 4777]
[PMID

56.Banerjee S, Tian T, Wei Z, Peck KN, Shih N, Chalian
AA, O’Malley BW, Weinstein GS, Feldman MD, Alwine
J, Robertson ES. Microbial signatures associated with
oropharyngeal and oral squamous cell carcinomas.
Scientific reports. 2017 Jun 22;7(1):4036. [10.1038/
541598-017-03466-6][PMID]

57.Mager DL, Haffajee AD, Devlin PM, Norris CM, Posner
MR, Goodson JM. The salivary microbiota as a diagnostic
indicator of oral cancer: a descriptive, non-randomized
study of cancer-free and oral squamous cell carcinoma
subjects. Journal of translational medicine. 2005 Jul
7;3(1):27. [10.1186/1479-5876-3-27][PMID]

58.Alvarez-Mercado Al, del Valle Cano A, Fernandez MF,
Fontana L. Gut microbiota and breast cancer: the dual role
of microbes. Cancers. 2023 Jan 10;15(2):443.
[10.3390/cancers15020443][PMID]

59.Braun L, Mietzsch F, Seibold P, Schneeweiss A,
Schirmacher P, Chang-Claude J, Peter Sinn H, Aulmann
S. Intrinsic breast cancer subtypes defined by estrogen
receptor signalling—Prognostic relevance of
progesterone receptor loss. Modern Pathology. 2013
Sep;26(9):1161-71. [10.1038/modpathol. 2013.60]
[PMID]

60.Urbaniak C, Gloor GB, Brackstone M, Scott L, Tangney
M, Reid G. The microbiota of breast tissue and its
association with breast cancer. Applied and environmental
microbiology. 2016 Aug 15;82(16):5039-48. [10.1128/
AEM.01235-16][PMID]

61.Costantini L, Magno S, Albanese D, Donati C, Molinari
R, Filippone A, Masetti R, Merendino N. Characterization
of human breast tissue microbiota from core needle
biopsies through the analysis of multi hypervariable 16S-
rRNA gene regions. Scientific reports. 2018 Nov
15;8(1):16893. [10.1038/541598-018-35329-z][PMID]

62.Thompson KJ, Ingle JN, Tang X, Chia N, Jeraldo PR,
Walther-Antonio MR, Kandimalla KK, Johnson S, Yao
JZ, Harrington SC, Suman VJ. A comprehensive analysis
of breast cancer microbiota and host gene expression.
PloS one. 2017 Nov 30;12(11):e0188873. [10.1371/
journal.pone.0188873][PMID]

63.Herrera-Quintana L, Vazquez-Lorente H, Plaza-Diaz J.
Breast cancer: extracellular matrix and microbiome
interactions. International Journal of Molecular Sciences.
2024 Jun 30;25(13):7226. [10.3390 /ijms 251

37226][PMID]

Fatemeh Safari, et al. A Review on the Dual Role of the Microbiome in Cancer: From Tumorigenesis Promotion to Protective. Jundishapur Scientific

64.Luu TH, Michel C, Bard JM, Dravet F, Nazih H, Bobin-
Dubigeon C. Intestinal proportion of Blautia sp. is
associated with clinical stage and histoprognostic grade in
patients with early-stage breast cancer. Nutrition and
cancer. 2017 Feb 17;69(2):267-75. [10.1080/ 01635581.
2017.1263750 J[PMID]

65.MaJ, SunL, LiuY,RenH, ShenY, BiF, Zhang T, Wang
X. Alter between gut bacteria and blood metabolites and
the anti-tumor effects of Faecalibacterium prausnitzii in
breast cancer. BMC microbiology. 2020 Apr 9;20(1):82.
[10.1186/s12866-020-01739-1][PMID]

66.Mathebela P, Damane BP, Mulaudzi TV, Mkhize-
Khwitshana ZL, Gaudji GR, Dlamini Z. Influence of the
microbiome metagenomics and epigenomics on gastric
cancer. International Journal of Molecular Sciences. 2022
Nov 9;23(22):13750. [10.3390/ijms232213750][PMID]

67.Sung H, Ferlay J, Siegel RL, Laversanne M,
Soerjomataram I, Jemal A, Bray F. Global cancer statistics
2020: GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries. CA: a cancer
journal  for clinicians. 2021  May;71(3):209-49.
[10.3322/caac.21660][PMID]

68.Engstrand L, Graham DY. Microbiome and gastric
cancer. Digestive Diseases and Sciences. 2020
Mar;65(3):865-73. [10.1007/510620-020-06101-7]
[PMID]

69.Chen XH, Wang A, Chu AN, Gong YH, Yuan Y.
Mucosa-associated microbiota in gastric cancer tissues
compared with non-cancer tissues. Frontiers in
microbiology. 2019 Jun 5;10:1261.

70.Meng C, Bai C, Brown TD, Hood LE, Tian Q. Human
gut microbiota and gastrointestinal cancer. Genomics,
proteomics & bioinformatics. 2018 Feb;16(1):33-49.
[10.1016/j.9pb.2017.06.002][PMID]

71.Siegel RL, Miller KD, Goding Sauer A, Fedewa SA,
Butterly LF, Anderson JC, Cercek A, Smith RA, Jemal A.
Colorectal cancer statistics, 2020. CA: a cancer journal for
clinicians. 2020 May;70(3):145-64. [10.3322/ caac.
21601][PMID]

72.Zhan ZS, Zheng ZS, Shi J, Chen J, Wu SY, Zhang SY.
Unraveling colorectal cancer prevention: The vitamin D-
gut flora-immune system nexus. World Journal of
Gastrointestinal Oncology. 2024 Jun 15;16(6):2394.
[10.4251/wjgo.v16.i6.2394][PMID]

73.Wong SH, Yu J. Gut microbiota in colorectal cancer:
mechanisms of action and clinical applications. Nature
reviews  Gastroenterology &  hepatology. 2019
Nov;16(11):690-704. [10.1038/s41575-019-0209-8]
[PMID]

74.Montalban-Arques A, Scharl M. Intestinal microbiota
and colorectal carcinoma: Implications for pathogenesis,
diagnosis, and therapy. EBioMedicine. 2019 Oct
1,48:648-55. [10.1016/j.ebiom.2019.09.050][PMID]

75.McQuade JL, Daniel CR, Helmink BA, Wargo JA.
Modulating the microbiome to improve therapeutic
response in cancer. The Lancet Oncology. 2019 Feb
1;20(2):e77-91. [10.1016/S1470-2045(18)30952-5]
[PMID]

76.Rebersek M. Gut microbiome and its role in colorectal
cancer. BMC cancer. 2021 Dec 11;21(1):1325. [10.1186
/s12885-021-09054-2][PMID]

Medical Journal. 2026; 25(2):169-187.


https://doi.org/10.1177/15353702231187645
https://doi.org/10.1177/15353702231187645
https://pubmed.ncbi.nlm.nih.gov/37688509/
https://doi.org/10.3390/ijerph18147224
https://pubmed.ncbi.nlm.nih.gov/34299675/
https://doi.org/10.1001/jamaoncol.2017.4777
https://pubmed.ncbi.nlm.nih.gov/29327043/
https://doi.org/10.1038/s41598-017-03466-6
https://doi.org/10.1038/s41598-017-03466-6
https://pubmed.ncbi.nlm.nih.gov/28642609/
https://doi.org/10.1186/1479-5876-3-27
https://pubmed.ncbi.nlm.nih.gov/15987522/
https://doi.org/10.3390/cancers15020443
https://pubmed.ncbi.nlm.nih.gov/36672391/
https://doi.org/10.1038/modpathol.2013.60
https://pubmed.ncbi.nlm.nih.gov/23558572/
https://doi.org/10.1128/aem.01235-16
https://doi.org/10.1128/aem.01235-16
https://pubmed.ncbi.nlm.nih.gov/27342554/
https://doi.org/10.1038/s41598-018-35329-z
https://pubmed.ncbi.nlm.nih.gov/30442969/
https://doi.org/10.1371/journal.pone.0188873
https://doi.org/10.1371/journal.pone.0188873
https://pubmed.ncbi.nlm.nih.gov/29190829/
https://doi.org/10.3390/ijms25137226
https://doi.org/10.3390/ijms25137226
https://pubmed.ncbi.nlm.nih.gov/39000333/
https://doi.org/10.1080/01635581.2017.1263750
https://doi.org/10.1080/01635581.2017.1263750
https://pubmed.ncbi.nlm.nih.gov/28094541/
https://doi.org/10.1186/s12866-020-01739-1
https://pubmed.ncbi.nlm.nih.gov/32272885/
https://doi.org/10.3390/ijms232213750
https://pubmed.ncbi.nlm.nih.gov/36430229/
https://doi.org/10.3322/caac.21660
https://pubmed.ncbi.nlm.nih.gov/33538338/
https://doi.org/10.1007/s10620-020-06101-z
https://pubmed.ncbi.nlm.nih.gov/32040665/
https://doi.org/10.1016/j.gpb.2017.06.002
https://pubmed.ncbi.nlm.nih.gov/29474889/
https://doi.org/10.3322/caac.21601
https://doi.org/10.3322/caac.21601
https://pubmed.ncbi.nlm.nih.gov/32133645/
https://doi.org/10.4251/wjgo.v16.i6.2394
https://pubmed.ncbi.nlm.nih.gov/38994172/
https://doi.org/10.1038/s41575-019-0209-8
https://pubmed.ncbi.nlm.nih.gov/31554963/
https://doi.org/10.1016/j.ebiom.2019.09.050
https://pubmed.ncbi.nlm.nih.gov/31631043/
https://doi.org/10.1016/s1470-2045(18)30952-5
https://pubmed.ncbi.nlm.nih.gov/30712808/
https://doi.org/10.1186/s12885-021-09054-2
https://doi.org/10.1186/s12885-021-09054-2
https://pubmed.ncbi.nlm.nih.gov/34895176/

Jundishapur
Scientific Medical Journal

77.Lopez LR, Bleich RM, Arthur JC. Microbiota effects on
carcinogenesis: initiation, promotion, and progression.
Annual review of medicine. 2021 Jan 27;72(1):243-61.
[10.1146/annurev-med-080719-091604][PMID]

78.Al-Rashidi RR, Noraldeen SA, Kareem AK, Mahmoud
AK, Kadhum WR, Ramirez-Coronel AA, Iswanto AH,
Obaid RF, Jalil AT, Mustafa YF, Nabavi N. Malignant
function of nuclear factor-kappaB axis in prostate cancer:
Molecular interactions and regulation by non-coding
RNAs.  Pharmacological ~ Research. 2023  Aug
1;194:106775. [10.1016/j.phrs.2023.106775][PMID]

79.Fujita K, Matsushita M, Banno E, De Velasco MA,
Hatano K, Nonomura N, Uemura H. Gut microbiome and
prostate cancer. International Journal of Urology. 2022
Aug;29(8):793-8. [10.1111/iju.14894][PMID]

80.Javier-DesLoges J, McKay RR, Swafford AD, Sepich-
Poore GD, Knight R, Parsons JK. The microbiome and
prostate cancer. Prostate cancer and prostatic diseases.
2022 Jun;25(2):159-64. [10.1038/s41391-021-00413-
5][PMID]

81.Matsushita M, Fujita K, Hatano K, De Velasco MA,
Tsujimura A, Uemura H, Nonomura N. Emerging
relationship between the gut microbiome and prostate
cancer. The world journal of men's health. 2023 Feb
22;41(4):759. [10.5534/wjmh.220202][PMID]

82.Porter CM, Shrestha E, Peiffer LB, Sfanos KS. The
microbiome in prostate inflammation and prostate cancer.
Prostate cancer and prostatic diseases. 2018;21(3):345-54.
[10.1038/541391-018-0041-1][PMID]

83.Sfanos KS, Isaacs WB, De Marzo AM. Infections and
inflammation in prostate cancer. American journal of
clinical and experimental urology. 2013 Dec 25;1(1):3.
[PMID]

84.Huang WY, Hayes R, Pfeiffer R, Viscidi RP, Lee FK,
Wang YF, Reding D, Whitby D, Papp JR, Rabkin CS.
Sexually transmissible infections and prostate cancer risk.
Cancer Epidemiology Biomarkers & Prevention. 2008
Sep  1;17(9):2374-81.  [10.1158/1055-9965.EPI-08-
0173][PMID]

85.Banerjee S, Alwine JC, Wei Z, Tian T, Shih N, Sperling
C, Guzzo T, Feldman MD, Robertson ES. Microbiome
signatures in prostate cancer. Carcinogenesis. 2019
Jun;40(6):749-64. [10.1093/carcin/bgz008][PMID]

86.Tekalign T, Teshome M. Prevalence and determinants of
late-stage presentation among cervical cancer patients, a
systematic review and meta-analysis. PloS one. 2022 Apr
27;17(4):e0267571. [10.1371/journal.pone. 0267571]
[PMID]

87.Gargiulo Isacco C, Balzanelli MG, Garzone S, Lorusso
M, Inchingolo F, Nguyen KC, Santacroce L, Mosca A,
Del Prete R. Alterations of vaginal microbiota and
chlamydia trachomatis as crucial co-causative factors in
cervical cancer genesis procured by HPV.
Microorganisms. 2023 Mar 6;11(3):662. [10.3390/
microorganisms11030662][PMID]

88.Plisko O, Zodzika J, Jermakova |, Pcolkina K,
Prusakevica A, Liepniece-Karele 1, Donders GG,
Rezeberga D. Aerobic vaginitis—underestimated risk
factor for cervical intraepithelial neoplasia. Diagnostics.
2021  Jan  9;11(1):97.  [10.3390/  diagnostics
11010097][PMID]

Fatemeh Safari, et al. A Review on the Dual Role of the Microbiome in Cancer: From Tumorigenesis Promotion to Protective. Jundishapur Scientific

Vol 25, No 2, 2026

89.Nunes SC, Serpa J. Recycling the interspecific relations
with epithelial cells: bacteria and cancer metabolic
symbiosis. InTumor Microenvironment: The Main Driver
of Metabolic Adaptation 2020 Mar 5 (pp. 77-91). Cham:
Springer International Publishing. [10.1007/978-3-030-
34025-4_4][PMID]

90.Wakabayashi R, Nakahama Y, Nguyen V, Espinoza JL.
The host-microbe interplay in human papillomavirus-
induced carcinogenesis. Microorganisms. 2019 Jul
13;7(7):199. [10.3390/microorganisms7070199][PMID]

91.Hu J, Gao Y, Zheng Y, Shang X. KF-finder:
identification of key factors from host-microbial networks
in cervical cancer. BMC systems biology. 2018 Apr
24;12(Suppl 4):54.[10.1186/s12918-018-0566-x][PMID]

92.Yu J, Feng Q, Wong SH, Zhang D, Liang QY, Qin Y,
Tang L, Zhao H, Stenvang J, Li Y, Wang X. Metagenomic
analysis of faecal microbiome as a tool towards targeted
non-invasive biomarkers for colorectal cancer. Gut. 2017
Jan;66(1):70-8. [10.1136/gutjnl-2015-309800][PMID]

93.Croshy D, Bhatia S, Brindle KM, Coussens LM, Dive C,
Emberton M, Esener S, Fitzgerald RC, Gambhir SS, Kuhn
P, Rebbeck TR. Early detection of cancer. Science. 2022
Mar 18;375(6586):eaay9040.
[10.1126/science.aay9040][PMID]

94.Farrell JJ, Zhang L, Zhou H, Chia D, Elashoff D, Akin D,
Paster BJ, Joshipura K, Wong DT. Variations of oral
microbiota are associated with pancreatic diseases
including pancreatic cancer. Gut. 2012 Apr;61(4):582-8.
[10.1136/gutjnl-2011-300784][PMID]

95.Yan X, Yang M, Liu J, Gao R, Hu J, Li J, Zhang L, Shi
Y, Guo H, Cheng J, Razi M. Discovery and validation of
potential bacterial biomarkers for lung cancer. American
journal of cancer research. 2015 Sep 15;5(10):3111.
[PMID]

96.Xie YH, Gao QY, Cai GX, Sun XM, Zou TH, Chen HM,
Yu SY, Qiu YW, Gu WQ, Chen XY, Cui Y. Fecal
Clostridium symbiosum for noninvasive detection of early
and advanced colorectal cancer: test and validation
studies. EBioMedicine. 2017 Nov 1;25:32-40.
[10.1016/j.ebiom.2017.10.005 J[PMID]

97.Zheng Y, Fang Z, Xue Y, Zhang J, Zhu J, Gao R, Yao S,
Ye Y, Wang S, Lin C, Chen S. Specific gut microbiome
signature predicts the early-stage lung cancer. Gut
microbes. 2020 Jul 3;11(4):1030-42.
[10.1080/19490976.2020.1737487][PMID]

98.Liang JQ, Li T, Nakatsu G, Chen YX, Yau TO, Chu E,
Wong S, Szeto CH, Ng SC, Chan FK, Fang JY. A novel
faecal Lachnoclostridium marker for the non-invasive
diagnosis of colorectal adenoma and cancer. Gut. 2020
Jul;69(7):1248-57.  [10.1136/qutjnl-2019-318532 ]
[PMID]

99.Chen F, Dai X, Zhou CC, Li KX, Zhang YJ, Lou XY,
Zhu YM, Sun YL, Peng BX, Cui W. Integrated analysis
of the faecal metagenome and serum metabolome reveals
the role of gut microbiome-associated metabolites in the
detection of colorectal cancer and adenoma. Gut. 2022
Jul;71(7):1315-25. [10.1136/qutjnl-2020-323476][PMID]

100.Irajizad E, Kenney A, Tang T, Vykoukal J, Wu R,
Murage E, Dennison JB, Sans M, Long JP, Loftus M,
Chabot JA. A blood-based metabolomic signature
predictive of risk for pancreatic cancer. Cell Reports

Medical Journal. 2026; 25(2): 169-187.



https://doi.org/10.1146/annurev-med-080719-091604
https://pubmed.ncbi.nlm.nih.gov/33052764/
https://doi.org/10.1016/j.phrs.2023.106775
https://pubmed.ncbi.nlm.nih.gov/37075872/
https://doi.org/10.1111/iju.14894
https://pubmed.ncbi.nlm.nih.gov/35388531/
https://doi.org/10.1038/s41391-021-00413-5
https://doi.org/10.1038/s41391-021-00413-5
https://pubmed.ncbi.nlm.nih.gov/34267333/
https://doi.org/10.5534/wjmh.220202
https://pubmed.ncbi.nlm.nih.gov/36876743/
https://doi.org/10.1038/s41391-018-0041-1
https://pubmed.ncbi.nlm.nih.gov/29795140/
https://pubmed.ncbi.nlm.nih.gov/25110720/
https://doi.org/10.1158/1055-9965.epi-08-0173
https://doi.org/10.1158/1055-9965.epi-08-0173
https://pubmed.ncbi.nlm.nih.gov/18768506/
https://doi.org/10.1093/carcin/bgz008
https://pubmed.ncbi.nlm.nih.gov/30794288/
https://doi.org/10.1371/journal.pone.0267571
https://pubmed.ncbi.nlm.nih.gov/35476851/
https://doi.org/10.3390/microorganisms11030662
https://doi.org/10.3390/microorganisms11030662
https://pubmed.ncbi.nlm.nih.gov/36985236/
https://doi.org/10.3390/diagnostics11010097
https://doi.org/10.3390/diagnostics11010097
https://pubmed.ncbi.nlm.nih.gov/33435407/
https://doi.org/10.1007/978-3-030-34025-4_4
https://doi.org/10.1007/978-3-030-34025-4_4
https://pubmed.ncbi.nlm.nih.gov/32130694/
https://doi.org/10.3390/microorganisms7070199
https://pubmed.ncbi.nlm.nih.gov/31337018/
https://doi.org/10.1186/s12918-018-0566-x
https://pubmed.ncbi.nlm.nih.gov/29745858/
https://doi.org/10.1136/gutjnl-2015-309800
https://pubmed.ncbi.nlm.nih.gov/26408641/
https://doi.org/10.1126/science.aay9040
https://pubmed.ncbi.nlm.nih.gov/35298272/
https://doi.org/10.1136/gutjnl-2011-300784
https://pubmed.ncbi.nlm.nih.gov/21994333/
https://pubmed.ncbi.nlm.nih.gov/26693063/
https://doi.org/10.1016/j.ebiom.2017.10.005
https://pubmed.ncbi.nlm.nih.gov/29033369/
https://doi.org/10.1080/19490976.2020.1737487
https://pubmed.ncbi.nlm.nih.gov/32240032/
https://doi.org/10.1136/gutjnl-2019-318532
https://pubmed.ncbi.nlm.nih.gov/31776231/
https://doi.org/10.1136/gutjnl-2020-323476
https://pubmed.ncbi.nlm.nih.gov/34462336/

Vol 25, No 2, 2026

Jundishapur

Scientific Medical Journal

Medicine. 2023 Sep 19;4(9). [10.1016/j.xcrm. 2023.
101194][PMID]

101.Kong C, Liang L, Liu G, Du L, Yang Y, Liu J, Shi D, Li
X, Ma Y. Integrated metagenomic and metabolomic
analysis  reveals distinct  gut-microbiome-derived
phenotypes in early-onset colorectal cancer. Gut. 2023
Jun;72(6):1129-42. [10.1136/gutjnl-2022-327156]
[PMID]

102.Liu YP, Zheng CC, Huang YN, He ML, Xu WW, Li B.
Molecular mechanisms of chemo-and radiotherapy
resistance and the potential implications for cancer
treatment. MedComm. 2021 Sep;2(3):315-40. [10.1002/
mco2.55][PMID]

103.Lehouritis P, Cummins J, Stanton M, Murphy CT,
McCarthy FO, Reid G, Urbaniak C, Byrne WL, Tangney
M. Local bacteria affect the efficacy of chemotherapeutic
drugs. Scientific reports. 2015 Sep 29;5(1):14554.
[10.1038/srep14554][PMID]

104.Geller LT, Barzily-Rokni M, Danino T, Jonas OH,
Shental N, Nejman D, Gavert N, Zwang Y, Cooper ZA,
Shee K, Thaiss CA. Potential role of intratumor bacteria
in mediating tumor resistance to the chemotherapeutic
drug gemcitabine. Science. 2017 Sep 15;357(6356):1156-
60. [10.1126/science.aah5043][PMID]

105.Wallace BD, Wang H, Lane KT, Scott JE, Orans J, Koo
JS, Venkatesh M, Jobin C, Yeh LA, Mani S, Redinbo MR.
Alleviating cancer drug toxicity by inhibiting a bacterial
enzyme. Science. 2010 Nov 5;330(6005):831-5. [10.1126/
science.1191175][PMID]

106.Yi Y, Lu W, Shen L, Wu Y, Zhang Z. The gut
microbiota as a booster for radiotherapy: novel insights
into radio-protection and radiation injury. Experimental
Hematology & Oncology. 2023 May 22;12(1):48.
[10.1186/s40164-023-00410-5][PMID]

107.Shiao SL, Kershaw KM, Limon JJ, You S, Yoon J, Ko
EY, Guarnerio J, Potdar AA, McGovern DP, Bose S, Dar
TB. Commensal bacteria and fungi differentially regulate
tumor responses to radiation therapy. Cancer cell. 2021
Sep 13;39(9):1202-13. [10.1016/j.ccell. 2021.07. 002]
[PMID]

108.Gopalakrishnan V, Spencer CN, Nezi L, Reuben A,
Andrews MC, Karpinets TV, Prieto PA, Vicente D,
Hoffman K, Wei SC, Cogdill AP. Gut microbiome
modulates response to anti-PD-1 immunotherapy in
melanoma patients. Science. 2018 Jan 5;359(6371):97-
103. [10.1126/science.aan4236][PMID]

109.Park JS, Gazzaniga FS, Wu M, Luthens AK, Gillis J,
Zheng W, LaFleur MW, Johnson SB, Morad G, Park EM,
Zhou Y. Targeting PD-L2-RGMb overcomes
microbiome-related immunotherapy resistance. Nature.
2023 May 11;617(7960):377-85. [][PMID]

110.Vétizou M, Pitt JM, Daillére R, Lepage P, Waldschmitt
N, Flament C, Rusakiewicz S, Routy B, Roberti MP,
Duong CP, Poirier-Colame V. Anticancer immunotherapy
by CTLA-4 blockade relies on the gut microbiota.
Science. 2015 Nov 27;350(6264):1079-84. [10.1126
/science.aad1329][PMID]

111.Kwon SY, Thi-Thu Ngo H, Son J, Hong Y, Min JJ.
Exploiting bacteria for cancer immunotherapy. Nature
Reviews Clinical Oncology. 2024 Aug;21(8):569-89.
[10.1038/s41571-024-00908-9][PMID]

112.Sepich-Poore GD, Zitvogel L, Straussman R, Hasty J,
Wargo JA, Knight R. The microbiome and human cancer.
Science. 2021 Mar 26;371(6536):eabc4552. [10.1126/
science.abc4552][PMID]

Authors retain the copyright and full publishing rights.
Published by Ahvaz Jundishapur University of Medical

Science. This article is an open access article licensed under the
8 @ ®» S Creative

(https://creativecommons.org/licenses/by-nc/4.0/).

Commons Attribution-NonCommercial4.0

Fatemeh Safari, et al. A Review on the Dual Role of the Microbiome in Cancer: From Tumorigenesis Promotion to Protective. Jundishapur Scientific

Medical Journal. 2026; 25(2):169-187.


https://doi.org/10.1016/j.xcrm.2023.101194
https://doi.org/10.1016/j.xcrm.2023.101194
https://pubmed.ncbi.nlm.nih.gov/37729870/
https://doi.org/10.1136/gutjnl-2022-327156
https://pubmed.ncbi.nlm.nih.gov/35953094/
https://doi.org/10.1002/mco2.55
https://doi.org/10.1002/mco2.55
https://pubmed.ncbi.nlm.nih.gov/34766149/
https://doi.org/10.1038/srep14554
https://pubmed.ncbi.nlm.nih.gov/26416623/
https://doi.org/10.1126/science.aah5043
https://pubmed.ncbi.nlm.nih.gov/28912244/
https://doi.org/10.1126/science.1191175
https://doi.org/10.1126/science.1191175
https://pubmed.ncbi.nlm.nih.gov/21051639/
https://doi.org/10.1186/s40164-023-00410-5
https://pubmed.ncbi.nlm.nih.gov/37218007/
https://doi.org/10.1016/j.ccell.2021.07.002
https://pubmed.ncbi.nlm.nih.gov/34329585/
https://doi.org/10.1126/science.aan4236
https://pubmed.ncbi.nlm.nih.gov/29097493/
https://doi.org/10.1126/science.aad1329
https://doi.org/10.1126/science.aad1329
https://pubmed.ncbi.nlm.nih.gov/26541610/
https://doi.org/10.1038/s41571-024-00908-9
https://pubmed.ncbi.nlm.nih.gov/38840029/
https://doi.org/10.1126/science.abc4552
https://doi.org/10.1126/science.abc4552
https://pubmed.ncbi.nlm.nih.gov/33766858/
https://en.ajums.ac.ir/
https://en.ajums.ac.ir/
https://creativecommons.org/licenses/by-nc/4.0/

