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EGFR il — i %5 bt (Co) MR . Fsk NS00 RNA T3 35T 41 i 0 B
RO, Tk IR YA Pg ) ESCC 4141mh 2 RRIAHIEEN . IHC il ESCC 41
2 Pg 1 EGFR [k . Western blot. RT-PCR #1 IF ¥l Pg /&4 ESCC 41/l
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Porphyromonas gingivalis promotes esophageal squamous cell carcinoma
progression and enhances cetuximab resistance via EGFR/GSK3p pathway
induced EMT
Lang Yaowu, Chen Pan, Zhang Zichao, Liu Ke, Shi Linlin , Gao Shegan
(Clinical Medical College of Henan University of Science and Technology, The First Affiliated
Hospital of Henan University of Science and Technology, Institute of Oncology of Henan
University of Science and Technology, Key Laboratory of Microecology and Esophageal Cancer
Prevention and Treatment in Henan Province, Key Laboratory of Epigenetics of Tumors in Henan

Province, Luoyang 471003)

Abstract Objective To investigate the regulatory role of Porphyromonas gingivalis (Pg) infection
on the EGFR/GSK3p signaling axis, and its impact on epithelial-mesenchymal transition (EMT)
and cetuximab (Ctx) resistance in esophageal squamous cell carcinoma (ESCC). Methods Single
cell RNA sequencing was employed to perform differential analysis of cellular subpopulations,
identifying differentially expressed genes in ESCC tissues infected and non-infected with Pg. IHC
was conducted to assess the expression of Pg and epidermal growth factor receptor (EGFR) in
ESCC tissues. Western blot, RT-PCR, and IF staining were performed to evaluate EGFR
expression in Pg infected ESCC cell lines KYSE70 and TE1. ESCC cells were treated with Pg and
EGFR inhibitor Ctx, and divided into four groups: negative control (NC) group, P. gingivalis
group, Ctx group, Pg+Ctx group. Cell proliferation, migration and invasion abilities were
evaluated using CCK-8, plate cloning, wound healing and Transwell assay. Western blot analysis
was performed to detect the expression of EMT and EGFR/GSK3p signaling pathway-associated
proteins and their phosphorylation levels. Transforming growth factor-p1 (TGF-f1) was used to
induce EMT in ESCC cells, promoting a transition from the epithelial phenotype to mesenchymal-
like phenotype. The differential effects of Ctx on these two phenotypic states were subsequently
compared. Results Epithelial cells were predominantly enriched in Pg-positive tissues, and Pg
infection promoted the upregulation of EGFR expression in ESCC cells. Compared to the NC
group, Pg treatment significantly enhanced the proliferation, invasion and migration capabilities of

ESCC cells, and also increased chemoresistance to Ctx and reduced its antitumor efficacy. Pg



induced EMT in ESCC cells via the EGFR/GSK3p signaling pathway. Notably, Ctx exhibited
markedly weaker inhibitory effects on mesenchymal-like cells compared to epithelial ESCC cells.
Conclusion Pg promotes ESCC cells proliferation, invasion and migration by regulating EMT
through the EGFR/GSK3p signaling pathway, and enhances chemoresistance to Ctx.
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&% (esophageal cancer, EC) 1y & WAV AL TE B g, LR 2R MR SE 2R AE
EREENERE. PEERZ - NEEESRKKE, 8% 68 (esophageal squamous cell
carcinoma, ESCC) A% fi %] 90% LA I, ZJEAESETHIEE 4 KJEHEM. 2 dRnk ok e g g

(Porphyromonas gingivalis, Pg) {18t 7 J& 96 F 7 U I o 1 DB I A4, mT 5] e it
PEIE N 22 o R G M P I 5 0 g 2 D AR O DR SR U 45 SRR, Pg iRt
ESCC (k. Wimtkioe, H Pg alfEN ESCC WIS WiAITG IEMbr &P, R K
[K7- %1% (epidermal growth factor receptor, EGFR) {1 Jy—f iy ()5 Az 44, 14 finied
RILTE EC HIRH W, Hrh ESCC &Ll s 17 80%M, H 57 Ioid nld i i A e LA 3-
BB /R G BB B/ WE R & BB EF 3B ( phosphatidylinositide 3—kinases/protein kinase
B/glycogen synthase kinase 38, PI3K/AKT/GSK3B) % NifiEBSIXah R Iass . 228 &AyT
P, R EGFR #LZGM M T IR, HEHLERT ESCC HIRCRLLT IF A A,
b Bz 1Al i # 4k Cepithelial-mesenchymal transition, EMT) A2 B8 # A% O HLE], b
A3 I AR R B AR T UL SR, Pg RGN {AI 4R ESCC Mk AL it 2k
7 T HLE A RIE, 27T £ DT P 4L EGFR/IGSK3p i i % A% ESCC 1]
EMT KA Kt 25V 7 FAFLHL, B 6N ESCC I PRI T SR AL VAR 38 R 7 1l
1 #5753
1.1 M8k
1.1.1 45 Pg & AN KYSE70. TEL % Pg #itk ATCC 33277 ¥k E ] i 44 il i 2%

WA B A SRR 2



1.1.2 SGREA 7 0 5 RE A LA K 45 61 ESCC ALZIREA K T r A K22 58— I
BB, T BREIIARGHEL AW N R R ESCC. %M 7t Zain o BH K24 58— I g [ B
PRFAC R ik (8BS K-2025-B0O3L) .

11385 40Muks 7Rk RPMI 1640, fit 4 s F PGS i e R A IR A F]: R E
B H AL R E R AR AR FE AT (WIL03) i R B 22 R Al i A &
(SQ201) . —ik PAGE #EfiR i i % ulif &3 B iR A= WA H IR A 7). EGFR
Ptk (GB111504 ) iy sl ZEYE /R AEMFHEA PR A ] E-cadherin (3195T) . p-EGFR
(3777S) . PI3K (4263S) . P-PI3K (4228S) . AKT (4691T) . P-AKT (4060S) .
GSK3p (9315S) . p- GSK3B (9323S) . N-cadherin (14215S) . Vimentin (5741S)
I 9 3% [ Cell Signaling Technology /A %]; BCA & &iR5f & (CW0014S) . SDS-PAGE
Loading Buffer (5%) (CW0027) . GAPDH (CW0100S) i B VL75 B Nttad ARG A
FRAF]; RIPA ZEW (89901) ¥ H 3 E Thermo Fisher Scientific A ]; Pg ik
(ANTO0085) i [ & KH DIATHEVA A a]; A AR &8 B AL s h a2 S A HoR
HIRAF]; Matrigel B (B-P-00002-4) 4 H 3% [ Biozellen A &5 75%# H41

(A200009) 4 H 3 E Selleck Chemicals LLC A 7] ; FZ A TGF-B1 & 4 (Active)

(ab50036) i HJLE Abcam A #]; RT-PCR SEIGFTFE 51 W& T LA TAY TR A

1.2 H¥:

1.2.1 4Hf R S 35 3% ESCC 4ilftsik il RPMI 1640 £537#3E (10% FBS) , T 37°C. 5%
CO, IR B 7R A h i 77 KYSET0 Al TEL ARy b5z -l se Ak SE4RE a5 inA 5
ng/mL ¥4k 4 K H 7 1 (transforming growth factor-p 1, TGF-pl) , #lifEALE % 5L
Fszd. Pg T 37 CIREAKMET (85% Na. 10% Ha F1 5% CO.) K555, BUON UL KW
LA MOI 10 &k ESCC 41 il .

122 BAIRBIE 45208 Py & EmAKI 4 @ 3UEE B BmPEAR, KRR AR B A ST 5 2
SESCREJE I, R A A S HT BT BT A mRNA U 45 SR AT SR 28 00 BRI 2 57 R DK 4
T o

1.2.3 RBEAN G HAAI ESCC L Pg (PUARIKEE 11 400) 5 EGFR (HUikikfE
1:1000) Fik. GBEAHUITH AR %,

1.2.4 Western blot Z H I S & A0 A RIPA 2RI E H, BCAVENE &

HWEE, 8GN Loading buffer 4J&¥4 100 °CA& M, HL 30 pg EH F#E, %4 SDS-PAGE



B HRIK T2, Fe 2 PVDF L, S%EE Uk B, WE MM 4T (1:1000~1:
2000) , 4 °CFEIEA; TBST i¥/a =M & XN —H1 (1:2 0000 1 h, ECL @EEE®
TR, i Image J B4 B K AR
1.25RT-PCR Pg /& 405 T 24 h edE40ie, F TRIzol 42NN .6 RNA, e ik
JE 54 RNA Wy cDNA LU B #47 PCR. L GAPDH fE N2, KA 2724
IS H R ) mRNA AN A& ARSI YR8 W& 1.

# 1 RT-PCR 53R

Tab.1 Primer sequences of RT-PCR

Gene name Primer sequences (5'-3")
F: GTGTGCCACCTGTGCCATCC
FOFR R: GCCACCACCAGCAGCAAGAG
GAPDH F: GTGGACCTGACCTGCCGTCTAG

R: GAGTGGGTGTCGCTGTTGAAGTC

1.2.6 REERNER BOEAE KN ESCC 4if, 2x10° ANMILEF T IR LMY, Py i
24 h, Pk, e, B, B, BEF EGFR —$i (1:500) FZrric i —Ht (1:
200) , DAPI (1:100) EHe4nffitz, SRERME FTUWE. M.

1.2.7 CCK-8 #4535 # ESCC 4iffia LA 1 X 103 MALEFP T 96 FLIR ', SR FEAR
A A [ AU 10 pl/FLE CCK-8 ik, 37 °C FBEYEIFE 2 h, JEIHic 3 450 nm ARG
JEfE .

1.2.8 AR TR SLI 5 A F A B4 (8 X 102 AMFL) R T 6 FLIF, T 37°C. 5%
COL 26t T HEEEERFE 2 A, A% W EE= IR € 1 h, 25658 R g+ 30 min J5 PBS & ¥E, 1
1.2.9 RIJRSLL ¥ ESCC AN (7X10°A/FL) #F0T 6 FLIR, fbA Ik F] 100%)5, H 200
WL BRI ZRIZ, PBSERAIfmefy, FHONTMBEHIRE, 55T 0.
24, 48 h Xt[El—Frid i Bl . @id Image J A St RIR & &84k

1.2.10 Transwell R ER LY 7 Transwell /N2 MR = A F68E 07 (1) Matrigel % s
TR G, EEIMAARNFAEAM (5X 1044300 pb) L& SR, FEMA 109%If
JHIN 1640 $597 0k, 1597 24~48 h J5, PBSIHVE 3 k. 4% M B T, JFH 45T 4

. M. Image J THEIE B R) T Z 4L



1.2.11 it 2403 ] SPSS 26.0 Fil GraphPad Prism 84 3E4T 508 Geit- o M 2 B, WAl
PCBCR FISE AR A A5G, AR LU BCR SR 3R 77 2250, Pg Il EGFR A IAR 143

HR A 2R, P<0.05 A% 5 it Lo

245 %

2.1 Pg B Ye{R 3 ESCC H EGFR [Rik bl @i xt s a4 il j5 45 St 47 4 SR i 1 oy W
(ROE R0, SR BN, PgFHMMMRHSH EZE4E EAA (B 1A, BiE EY

AUMLEEAT 2 RIS HT, R EGFR 1E Py FHPENY B 4 ik i (B 1B), fuysdifh

SERGEOR, fE PgIEYLFIME (46.7%, 21/45) (¥ ESCC 44 EGFR K IE MR IEH
(80.9%, 17/21), H Pg/&Ztt EGFR [FRIAMIE (P<<0.01) (& 1C #iZk 2). Western

blot ¥l KYSE70 fil TE1 40 fitd /%% Pg J& EGFR I8 A £ iATF, RT-PCR Kl EGFR

MRNA FRiE KPR ET R (B 1D, 1E). BhAh, FpEddust BoR Py B fo 4 o

X EGFR 54 (K 1F).



Bl 1 Py YL R EGFR KRIAKF
Fig. 1 The expression level of EGFR was significantly increased after Pg infection
A: RO/E index showed the organizational preference of subgroups; B: Volcano plot showed
differential gene expression; C: IHC detection of Pg and EGFR expression % 200; * *P < 0.01 vs
Pg Low group; D, E: Western blot and RT-PCR detection of EGFR expression with Pg
infection; F: IF detection of the EGFR distribution with Pg infection >400; *P < 0.05, * *P <

0.01,***P <0.001vs Pg (-) group.



#2 ESCCHAFHIREBKER [n (%)]

Tab. 2 Relationship among indicators in ESCC organization [n (%)]

Pg
Group ¥? value P value
(+) )
EGFR
(+) 17 (37.8) 7 (15.5)
12.068 P<<0.01
() 4 (8.9) 17 (37.8)

2.2 EGFR 7] Ctx % ESCC 4 fMHI/EM Py &4 m] LI ESCC ' EGFR IR T

i, YW Pg il EGFR {2 ESCC Hy#E ML . [Elit, UEHL EGFR #0705 2 & H471
(Ctx) SkAbF ESCC 4, #RHH Ctx 4} ESCC 4 fIfE « KA MR Cix Sk abH

ESCC 4Hififl, CCK-8 £ IR, HXHHRALALL, Ctx Ab¥E 5 ] W25 )R e 4n kg 5 (&

2A) . Western blot £l A~ R & Ctx 4bHE T %} ESCC 4fiffl EGFR/P-EGFR s .. 455 &

7N, TERFEN 5 pg/mL B, EGFR R IHMERfL (P-EGFR) /KFTRF% (K 2B, 2C) .

K 2 EGFR #4157 78 & BHi% ESCC 40fuf/EH



Fig. 2 The effects of EGFR inhibitor Ctx on ESCC cells
A: The results of detection by CCK-8; B,C: The expression of EGFR/P-EGFR detected
by western blot; * P<<0.05, **P<<0.01, ***P<{0.001, **** P<(0.000 1vs Ctx 0 pg/mL

group.

2.3 Pg {3 ESCC 4. RFBMITHIFHER Ctx PitE A Pg Al Ctx (5 pg/mL) 3k
AbERAHAL, SR CCK-8. “FARFZEFE. AHAKIJRAN Transwell 5258, Z3 Al Pg Al Ctx i 4
B3 FE AR B ERLRE 1o . S5 IR EoR (J 3A-3D) , Pg /EYL 5 41 i f 34 e AR 28 1 E
Fhe /)R ERIIN, Ctx #i| EGFR J5, Pg XT4uMifsZmfER F i, ] Pg AliEid EGFR &
it ESCC A ehE . BT . H5 Rl Cix AIAAILL, Py BEGLtIEAC T Ctx #1H
ESCC #Hfur34sE . RFBMTHIIEE S, HULAT W, Pg /i ESCC 4iff/m, AEHIG5E 1 X
Ctx FTi 245547 -

K 3 CCK-8. FHRFi[E. AMRIREA Transwell SZEH:HI Pg AT Ctx X4 i & mi
Fig.3 The effects of Pg and Ctx on cells detected by CCK-8, plate cloning, wound healing
and Transwell

A: The results of detection by CCK-8; B: The results of detection by plate cloning; C:

The results of detection by wound healing; D: The results of detection by Transwell X100; *



P<C0.05, **P<<0.01, ***P<C0.001, ****P<0.0001vs NC group; *P<<0.05, #P<

0.01, #¥P<0.001, **P<0.0001 vs Ctx group.

2.4 Pg it EGFR/GS3KB /5 54 S EMT 58 Ctx if 25 EMT i\ & 2 Fhiie - il i
LR, R 251 )RR R, Bk, vk B ESCC H Pg ik Cox T 25 HIHLA],
Pg Fl Ctx 4L ESCC #4Hiffl 5, Western blot £l EMT AHG5r 73Kk . 455 ER (K 4A,
4C) , SxfHEZAHLE, PgAbPE5f# ESCC 4l E-cadherin 25 R IAB#K, N-cadherin Al
Vimentin &5, $#&/1 Pg i3 ESCC A&k EMT; L4l Ctx abFEdHAHLL, Pg 5
Ctx FITEFA S, Pg i3 1 Ctx Xt ESCC 4ilfs EMT LR IEFH R . Bke] i1, EMT A
AN EGFRIEEK ARG , T H. Pg 7£ EMT ARG R 5 CBE A .

FESL R AL b, SG@E I Western blot &0l 7 Pg /E R N EGFR/GS3KP i #% #H 5% & A
EGFR. P-EGFR. PI3K. P-PI3K. AKT. P-AKT. GSK3B. P-GSK3p & IEHEI. 5l
g3, SR ER, Pg 4bFEJE, ESCC 4l EGFR/PISK/IAKT/GS3KP & M I FR L. /K
PRIETHE, T GS3KP & ABERRAL 5 M B SRS TE, WA S EMT kA S
afi Ctx 41H#, Pg Wi T EGFR/PISK/AKT 2 FHIRIAMKE. GS3KP EHAMIRET#, &
ST BT, B9 T X Cix 3 EGFR HUME S 2B R ST EIE (K 4B. 4D) .
DL B RI7R, EGFRIGSK3BE SRS 5 | Py ifs 3] EMT A2, thid 272 Pg 3 uk Ctx

TR 245 F) S B o



&] 4 Western blot #:3ll EMT #1 EGFR/GSK3p M A< E AL T
Fig.4 EMT and EGFR/GSK3p pathway related protein molecule detected by Western blot
A, C: The expression of EMT related protein molecule detected by Western blot; B, D:
The expression of EGFR/GSK3 related protein molecule detected by Western blot; *P<<0.05,
**P<0.01, ***P<C0.001, ****P<{0.000 1 vs NC group; *P<<0.05, #P<0.01, #P<

0.001, *#P<0.000 1 vs Ctx group.

2.5 [ 78RR B s XY Cix BN ZaHutE Dy 17— P IESE EMT A LS5 % Ctx (it 24,
%6 TGF-B1 (5ng/mL) Ab#E ESCC 4fitli%s 5 EMT, fii ESCC 4 i JE ke iy b iz e 7
(Epithelial phenotype) #4488 78 i FE£ R (Mesenchymal-like phenotype) (& 5A) : 4



i S B IO I P 3 A8 B RA IR s Western blot 45 R o (I 5B) , TGF-pL Ab#E
Jii H: E-cadherin £ (A 3R1& B, N-cadherin A1 Vimentin 25 (4 30 T = 3 B3 18] 78 R RE R AL
DRI CCK-8 S Ctx f LA ESCC 4HA a5, (EX 18] 7 BRE AR M A F A (B 3%
(E5C) ; ZHfulJRA Transwell 240K B, ESCC LR 4uMiffil#. 22268 /1% 3| Ctx
M, S Ctx f) 1 B A MAR EL, TR0 78 R4 R 52 B Crx il 8CR (& 5D,
5E) ; Western blot 45 iR, SXTHEAIMILL, Ctx ATBEA% ESCC L R4l EGFR A1 R
WIIZE, SHAIR, 1A7EREE4IH EGFR AR RIAFHF R Z R0 (K SF) .

Bl 5 Ctx b Bz 40 A A 78 R AR 40 M K AS TR AR
Fig. 5 Different effects of Ctx on epithelial cells and mesenchymal-like cells
A: Cell morphology after TGF-f1 treatment; B: The expression of EMT related protein
molecule detected by Western blot ; C: The results of detection by CCK-8; D: The results of
detection by wound healing; E: The results of detection by Transwell X100 ; F: The
expression of EGFR/P-EGFR detected by Western blot; *P<<0.05, **P<0.01, ***P<

0.001, ****P<<0.000 1 vs Epi group; *P<<0.05, #P<<0.01, *P<0.001, **P<0.000 1 vs



Epi+Ctx group.

3 Wik

B TR 8 KW WAL, 2 eIRES 6 JEEsET P, EC fE4141% 1
Y NS, i (esophageal adenocarcinoma, EAC) iR 4H i (ESCC) , i ESCC
oot b dg s WL B R AL, TR S DR R AR, LRIk R, AN T
JA B 240 R S8 R BT o L T AT PR AR A 0 7 25 R 2 £ SR 00 e 1) — AN EE 1) X
Wi, Pg 1B H i EEEHOWRE, AU g s s B R, b 2 ek £ 5 i 1 2E
KRR RO, Jb4h, Pg AMNS ESCC B EM TS AHIG, i REH R & & B 101228, (e
SRR I T R 25 R, Rk, WARG Pg JEYXt ESCC MBMEAEMSAAT R A 5T HL]
o WEN

EGFR A —FE R FRIES, Wi EGF M1 TGF & £ R A RS W BRI S B, T 7E
EHAL R EMIReh RIEE EEMEM. 524 EGFR MFRIASLS AN, M S
A FE . BUUE T, MR R R RS SRR G IR . BRI, EGFR
WREEEEREERAAR, EGFR 25 7 @8 mIRA, EMBIEE. 5% 7t
A—ERER. T4k, EGFR ME ML ZY) Z R T 2 Msit, EARELH EGFR KA
TR AR P sy T 2, (B 25 s . AL R, Py YA ESCC 44U
EGFR %34 1M, 1M H Pg /&4 n] AMEHE ESCC il EGFR HIZik. A, Pg LR 5
5% 7 ESCC 4l FaAZ 2RI RERE T), SZAR, Ctx Tkl 7 ESCC 40 A 1 7E
REMITF ., 1H Py WIAFELE, KT Ctx X ESCC 4UARIHHIER, Al W, Pg nli@id—ik
JrR3EIN T ESCC difuxt Ctx M2k, ST M2, K2 HOif Fu sk vh T3 R AR i 5%
BREOE, TR CE A T TR 2L H AR . BRI EMT AMUAE 1 R 40 A e g
BRI R R B O A, 10 ELYEA ST BUBCT TR 24 R L 4R 4 g vt R 3T
AR EMT 7%, IXEW EMT 5 R at R 254 A 7B R ST, G ool i,
KHAREN) Py A 5 EMT JEH58 M ifian SR i 2k . ABEgerh, s il
FPat IR, Py BEYEAMY I EGFR, 1 H Wt @B E0E, $2R% Pg nIREMS il
PRALHE EMT 3850, BEJSAI T Pg AbHE ESCC 4ifilJ5 EGFR/IGSK3P 15 5Bl EMT A%
DFMFRIE, SRER, PgEILEIE T EGFRIPISK-AKT M, {# N5+ GS3KP BEERIL
S, M5 ESCC MMk 4E EMT. Pg AMUIRSS 1 Ctx #lfi] EGFR Ji5 15 5 2k B,
T Had i 553 EMT i ESCC 4HiEx) Citx if2h. N 1 i —PiEsE Pg 331 EMT 5 Cix iif 2



G, AHEF SGEE TGF-BL ¥53 ESCC 4™ EMT, {1y bR ESCC 4 %:
ANIEFERFERA, SRR, Ctx FEAREMEAKIE 78 R4 P-EGFR 13Rik, MHLLT LR
AR, X 1) 7 BRI A BB FO I T . Yoshioka et al BB 7B, 2670 SRR M T g
FEFUIE EGFR AMHIFIT AU SR 3, 1X— W ml 5 ASHI T 45 RARFE — 3. AW T N AH
JZIHHARDS T Pg iE&Gent ESCC & MEdkREriHIELE], ¥IER ] Pg AT ESCC 4HMlK 4
EMT 5IEERAEEAS, M{Eit ESCC MrIIisE. RIBITMLLIN Cix T2, T Pg s
HABKUR (L5535 45 505 . e 4) 5I#2 ESCC MMM 24, 7 28 iR 2
W5t

g8 LRk, Pg mli@nt EGFR/GSK3pB {5 5% 75 S ESCC 4R k4 EMT, {if ESCC
()t 3t R )[R B 1G58 1% Ctx BT 5. Pg X ESCC M7 K257 A ERE L, Al
B SRR 25 ME O R 2, A 8y EGFR I % ESCC IR R YA TT AL 57 WA«

S 3R
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