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Abstract Objective To investigate the differential expression of integrin alpha-6(ITGA6) in

abdominal wall endometriosis (AWE) tissues and its molecular mechanisms in regulating AWE,

Methods 36 AWE lesions were designated as the experimental group, while 36 cases of normal
endometrial tissues served as the controls. Differential expression of ITGA6 between the two
groups was assessed through immunohistochemical (IHC) staining. Human ITGA6 gene-specific
interference sequences were designed, synthesized, and packaged into lentiviral vectors to
establish the Ishikawa cell line with ITGAG6-knockdown. Similarly, the ITGAG-overexpression
cell line was constructed using the coding sequence (CDS) of the gene. Real-time PCR and
Western blot were performed to detect changes in EMT-related markers and angiogenesis-related
indicators. Cell invasion and migration capabilities were assessed by Cell Scratch and Transwell
assays. Furthermore, Western blot was conducted to profile PI3BK/AKT pathway dynamics.
Results Ectopic endometrial tissues exhibited a marked increase in the number of ITGA6-positive
cells and their expression intensity compared to eutopic endometrium (each P < 0.001). Compared
with the NC group, the ITGA6-knockdown group showed significantly reduced expression of N-
cadherin, VEGF, and TGF-bata (P < 0.001; P < 0.01; P < 0.01), while E-cadherin expression was
markedly increased (P < 0.001). Concomitantly, the invasion and migration capacities of ITGA6-
low expression were significantly impaired (P < 0.001 for both), accompanied by a marked
reduction in AKT and phosphorylated AKT(p-AKT) levels (all P < 0.001). Conversely,
overexpressing ITGAG resulted in opposite effects. Conclusion ITGA6 modulates EMT and
angiogenesis in Ishikawa cells via the PISK/AKT signaling pathway, thereby enhancing cell
invasion and migration capabilities, which contributes to the pathogenesis of abdominal wall
endometriosis.
Key words Integrin alpha-6; endometrial cancer; EMT; angiogenesis; cell adhesion
Fund programs National Natural Science Foundation of China (N0s.82371652, N0.82371658);
Natural Science Research Project of Anhui Educational Committee (No0.2023AH053331)
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Jl B 7B A BB S5 (abdominal wall endometriosis, AWE ) &5 A B S A6 i f) —
FRRRY, RIEEBRRAT RS E R, REEL 75 W T A (endometriosis, EMS)
1 0.03%% 0.45%!M, HRF U158 WA SRE T IERE, fhaRiEt KB, Wk T
FERFEAR, HEFRBKMER R R . AT 7T B O 2 UE 5L 1 5 P9 R S ARE A LA 5
JERAL, JHELL AR AN B UR B VR R IR AN A I AR S R P IR . VR NS IR
FiZik, BERFECPAUFREME 25 2 Mg, 53K ao(integrin alpha-6,
ITGAG) & FEMIE I A Z M, Rai et allPhii i 428 4 4k 8 & b o, N S B I TE
BrPI TR ITGAS Fik it 5 2 1 S P B 2 AT G5 0 S, SRR L FT R 2 5 iR



{HYE AWE H DR R BT T . I, ZFFRIT 7 ITGA6 5 AWE ZHXR R, @
ARSI AR 7N ITGAG 7E M5 BE 57 Py I A A AR Rt g v e/ LA
1R ETE
L1RBIRR

W 2R RER S5 — MR Be a7~ R 2018 4 1 H £ 2023 4 10 HUSAH 36 5] AWE i
FNBETE, BT BE N R VIBRR, 4F k% 32~43 (36.0543.18) %/, 1M (T
By 26 1, AL GEEEAED 7 6, A EEEAD 3 6. 5ikFR R MR T8 1)
BRA 36 GIfEANTIRAL, 4R 31~42 (37.3622.97) %, 1M SPSS 27 Siit At /r#r, P
BFERZR LG EE L (P>0.05) . NAbrifE: HZEMHE, HALRBHIES; HB
b SEUR, AN RARU R, SEIERR, RAT 6 AN A M ERIAIT
1.2 ¥Rk

ANTFENBREAME (shikawa) ¥ H R I 500 5 OGS B AL R A IR AR, 37
5 CL-0823 1 CM-0283; ITGAG Tl i Fik 1 miee )l H bif & AR R R A ],
%%'5: GIEE0441941 FI GCPE5002046; RNA FEHURAFIEL, W HEE REFEWRHEA R A F
(7D s SRR &L SYBR Green Pro Taq HS FiiE A qPCR &7 & 0 B Y R E A A
FRAE GHFE) ;5 RIPA IR (58) . BCA EAFE =M. SDS-PAGE #ifi i
FARA G RALTGE A Marker 1 5 I HERE AR 25 RHHBRA A s ECL B BUL KOt
RO S B KA B ARG RA R (LD 5 ITGA6 fitlk, WHZEMERR (330
VR RATR, 1’5 A3236; GAPDH Hitkiy H RN N EEM R R AR, 7]
5. MAB45855; TGF-B1 difk (5. AF1027) , VEGA Hifk (#¢%5: AF5131, N-
cadherin ifk (#8%5: AF6710) , E-cadherin Hifk ($25: AF0131) ¥y HILIFERIAEY
RABRAH
1.3 7k
1.3.1 A HAUL 2T

AWEY R Z RIS, KIRE I CRER BERRRESE LKA, SR (pHE.0) PN T
96 °CHAM FEIPLEESE, HRMFIRS PBS Mk 31k, 3% H025% 5 15 min 71 Bk PIEPEE
AACPIBEEEE . RUGHE N 1 1 000 Fi%EM) ITGA6 —HT 4 °ClF B i A HRP Fric 4T (%
i, 30min) , DAB . FRAKEE YL, TIhlir 5 Bas T s &
1.3.2 AL

LB SRR 7 Ishikawa 40 (REFRFEKMF: 37 °C. 5%CO2) , FiRHl, 5158 il
BTRMEHAK, fFHICARN 70% ~ 80% I L PBS i&lE, 0.25%[HE A/ MIL 3 ~5
min, ZHMITHEUS, OGS0 BT AT AR A A .
1.3.3 ITGA6 &FRIE K it i 40 kAL 22



EtX} CDS P 3 S64e TP F 41 ok e s B BN R ik G493 |, 4 dilbs
i A SIRNA-I ( TTCTCCATCGAATATGTGCTC ) . SIRNA-II
(ATTATTCCATCTGCCTTGCTG) 1 siRNA-III (GTTTCCAGCAATTGAATATCC) . [
i, WE MR, FRic N NC (TTCTCCGAACGTGTCACGT) . R4 A K %
ITGA6 (NM_000210.4) CDS J¥41, H4H vl 28 aid ik Bkl GV492 |, LD 7%
S8 JE AT AN Y o ARG FE R U P D R G Ishikawa 2, 3 d SR ELBIALAR
(1:5) o MEMEFRIHIL ITGAG KK IL Sid Rk bk, HIKE 1.0 pg/mL.
1.3.4 Real-time PCR

S H4H 2. RNA, Nano300 & . ¥k /o N Al Real-time PCR A3l % H % Bl
MRNA £ik. KMWAKZRAE: 2>SYBR Green mixture, 10 pL; 10 umol/L Forward primer, 0.4 pL;
10 pmol/L Reverse primer, 0.4 uL; cDNA 4z, 2.0 uL; ddH.O, 7.2 pL; KMNFEF: THAL M
95 °C, 30's; A8fE 95 °C, 555 B KKIEM 60 °C, 30 s. UL GAPDH EANZ, KA 27
ABCHEAHT - HE R R IA

% 1 Real-time PCR 3| #1551

Tab.1 The sequence of real-time PCR primers

Gene name Sequence (5°-3") Product size (bp)

F: TCGGAGTCAACGGATTTGGTC
GAPDH 96
R: TGAAGGGGTCATTGATGGCA

F: GCAGCCTTCAACTTGGACAC
ITGAG 129
R: CACGAGCAACAGCCGCTT

F: CAACAAATGTGAATGCAGACCAA
VEGF 157
R: GCTCCAGGGCATTAGACAGC

F: GTACCTGAACCCGTGTTGCT
TGF-B1 217
R: CCTCAATTTCCCCTCCACGG

F: CCTTTTCTGCCATCAGCTTTGT
N-cadherin 74
R: CTCCTGGGTTCCAGCTTGTC

F: GCTGGACCGAGAGAGTTTCC
E-cadherin 179
R: CGACGTTAGCCTCGTTCTCA

1.3.5 Western blot

RS EEH, BCA E#, SDS-PAGE 7@ HIEH. S, HAM—. i
Hh, K4 AR SR MGEST ECL 80 H M A . Quantity One {347 K
FE, HEAHMEAINZEA (GAPDH) .
1.3.6 4 R IR SE I

i H] Marker fRic 245 6 FLAHARES FRCE T HEATRIJRAR S, frdiil A K EILAE 60% ~
70%0, EHEAAN 1 mm MRS EE TR nbrid &t T Eirid, T



PBS Peik i 3K, JIA 2 mL4ifukssRdt, SHE M, iR 0 he FFE, 2T 24 h
A48 h 3 18 B O S S AR I . BANC AU/E NRHiE, HEgIuER R, T4
T T. MRS 2= CHMIRIIE B8 on -SRI B2 20 nasn) T4H AR 56 B 01n><100%.
1.3.7 Transwell SZ%

AMMEAG. THEL T RSN 200 pL RMIEMMER, FENE 10% FBS M4
B8 37 °C, 5%CO, 4Nfuks IR 4k 845 7% 24 he HUH/NE, PBS Pk 3 Ik, 4%ZEH
B4 30 min. PBS Piik 3 K, HARKYE 15 min, FAMZSRII L LEJETBM,
PBS i 3 K. BHALEN 5 M AT 0, THEUS AT Gt 20 AT .

14 Gt a8

K GraphPad Prism5.0 # AT Seit o047, BRI X £s Fom. KA t KI5 IER
M 2R, RABEETZSARZ AN ZRE, P <005 NEFHLRIT¥E
s
24R
2.1 GG

1R, ERLT 5 WIRIRAZTERE . TEAMN: FAT 5 P9I R 45 7 7™
. P4 AR S . AHITEAS AR . ITGA6 B 23K T iR b R 240 A A0 8] J55 4H Jifa 4 ffa Jit
b, SEAMNBEHLSAL, BEEERA AL ITGA6 MRIE/KF-I T E, FHIEZ %L
BEWZ (t=7.064, P<0.001) .
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1 IEH RS RAL P ITGAG B4k >0
Fig.1 Comparative IHC staining of ITGAG in ectopic endometrium and endometrium >20

¥: ***P < 0.001 vs Endometrium.

2.2 {RRIEFTRIE ITGA6 JH kiR

5 GVA93/NC 4LHILL, siRNA-TZHLAT sSiRNA-IIZH ITGA6 mRNA FZE [ 5A 1 5 3 BRK
(t=6.445, P < 0.001; t=8.978, P < 0.001) , SiRNA-IIZH T B2, ERLEL %=
X5 5 siRNA-TZHAHLL, siRNA-IIZH ITGA6 mRNA Fl#& [ FFK (1=2.432, P < 0.05;



t=2949 , P < 005 > , T o, ®m X ¥H &m . W K 2 .

&l 2 ITGA6 TIP3k
Fig.2 Screening of effective siRNA constructs for ITGA6 knockdown
7¥: A: The mRNA expression level of siRNA-I, 11, III; B: The Western blot result of sSiRNA-I,
11, III; ***P < 0.001 vs NC group; *P < 0.05 vs siRNA-I.

i H SIRNA-IIFFIE ITGA6 ILFIAGIIPE (GV493/siRNA) . 5 GV493/NC 414H
b, GVA493/siRNA 4 ITGA6 mRNA FIE HBEIK, ZRAFRITFE L (t=7.341, P <
0.001; t=8.512, P < 0.001) , UESE ITGA6 RFEEAMMIMRIG AT K@ TR ITGAS
o R IE WA Y & Ishikawa 40 fill, 5 GVA492/INC A LL, ITGA6 ik & ik 40 iy #k
(GV492/ITGA6) ITGA6 mRNA FltE FIFRiA ¥ Bt (1=8.526, P < 0.001; t=4.753, P
<0.001) , EREGIH¥E N, IS ITGAG M Rk utk i@z, WHE 3.

Bl 3 ITGAG RRIE KT R UM

Fig.3 Construction of ITGA6 knockdown and overexpression cell lines



7E: A: The mRNA expression level of ITGA6 knockdown group; B: The Western blot result of
ITGA6 knockdown group; C: The mRNA expression level of ITGA6 overexpression group; D:
The Western blot result of ITGA6 overexpression group; ***P < 0.001 vs NC group.

2.3 ITGA6 %t EMT R L& 4 SiAH e a B

Real-time PCR 1 Western blot #: ] EMT Al % A4 slAl <48 kr B 455 E A (E-
cadherin) . fZEEEH (N-cadherin)  ME W EAEKRKF (VEGF) . HALEKRHF-
Bl (TGF-B1) mRNA FIZEHAMEIZE. R E/R, 5 GV493/NC 4Lk, GV493/siRNA 4
N-cadherin. VEGF 1 TGF-p1 ik EF({K (t=4.651, P < 0.001; t=5.153, P < 0.01;
t=4.446, P<0.01) , E-cadherin Ri&MEF = (t=3.272, P<0.001) . WKl 4.

Bl 4 ITGAGMRRIERN EMT J I A Bl St An 5 i
Fig.4 The effects of ITGA6 knockdown on EMT and angiogenesis
7: A: The mRNA expression level of E-cadherin, N-cadherin, VEGF and TGF-B1 in ITGA6
knockdown group; B: The Western blot result of E-cadherin, N-cadherin, VEGF and TGF-B1 in
ITGA6 knockdown group; **P <0.01, ***P < 0.001 vs NC group.

FFE, 5 GV492/NC ML, GV492/ITGA6 41 N-cadherin. VEGF Al TGF-p1 ik & 2
Fh (t=7.158, P < 0.001; t=13.78, P < 0.001; t=6.732, P < 0.001) , E-cadherin ik
BIEE (126,992, P<0.001) . WK 5.



Bl 5 ITGAG ERiAN EMT K ILE 4 AR bR IR A
Fig.5 The effects of ITGAG overexpression on EMT and angiogenesis
7E: A: The mRNA expression level of E-cadherin, N-cadherin, VEGF and TGF-B1 in the
ITGAG overexpression group; B: The Western blot result of E-cadherin, N-cadherin, VEGF and
TGF-B1 in the ITGA6 overexpression group; ***P < 0.001 vs NC group.

2.4 ITGA6 Xt 4 il R ZRITH e /1 IR W
2.4.1 ITGAG RFREN A MR R/ ST IR

Transwell £ Kz 0 Hr 45 SR E W, 5 GVA93/NC ZIMIEL, GVA493/siRNA 4141 7 i H
T, IR ZERE W BRI (1=8.267, P <0.001) .

Bl 6 ITGAG {RRIEXT LRI IR AL S KRN
Fig. 6 The effects of ITGA6 knockdown on cell invasion capability

7E: A: Transwell results of GV493/NC and GV493/siRNA groups >20; B: The results of the cell

penetration number in the ITGA6 knockdown group; C: The results of the cell penetration ability
in the ITGAG6 knockdown group; ***P < 0.001 vs NC group.

ORI IRAG I S M4t R, 5 GVA493/INC A, GVA493/siRNA 4H 24h. 48 h [f]
AN A R T R T A N, AR RE U R PR (t =5.265, P < 0.001; t = 8.267, P <
0.001) .



Bl 7 ITGAG (RRIEXT T 6 /1 KM
Fig. 7 The effects of ITGA6 knockdown on cell migration ability
7F: A: Microscopic images of the ITGA6 knockdown group at 0 h, 24 h and 48 h in the wound

healing assay <10; B: The wound healing rate of the NC group and the ITGA6 knockdown group
at 24 h; C: The wound healing rate results of the NC group and the ITGA6 knockdown group at
48 h; ***P < 0.001 vs NC group.

2.4.2 ITGAG I RIAXT 41 R B TFERE SRS
Transwell K45 EELH], 5 GVA92/NC 4AHLL, GVA92/ITGAG ZH 4N M % % ¥ e W%
wahn, AHiRARRE YRR (t=6.566, P <0.001) .



Kl 8 ITGAG iR XN 4R ZRRE 1 IR

Fig. 8 The effects of ITGAG overexpression on cell invasive ability
7E: A: The Transwell results of GV492/NC and GV492/ITGA6 groups >20; B: The results of the

cell penetration number in the NC group and the ITGA6 overexpression group; C: The cell
penetration ability in the NC group and the ITGA6 overexpression group; ***P < 0.001 vs NC

group.

MO RIIRAS I JL 45 2L, 5 GVA492/NC A AHLEL, GV492/ITGA6 ZH4HMM 24h A1 48h )
2 P IR B R XA R D, MRS e D B B4 5E  (t=3.031, P < 0.05; t=3.656, P <
0.001) .



Bl 9 ITGAG T RIEXT 48 68 /1 HIFE
Fig. 9 The effects of ITGAG overexpression on cell migratory ability
7E: A: Microscopic images of the ITGA6 overexpression group at 0 h, 24 h and 48 h in the

wound healing assay >10; B: The wound healing rate results of the NC group and the ITGA6
overexpression group at 24 h; C: The wound healing rate results of the NC group and the ITGA6
overexpression group at 48 h; *P < 0.05, ***P < 0.001 vs NC group.

2.5 ITGA6 %t PISK/AKT 15 5@ B I

Western blot £l ITGA6 (KK 1E A ik Rk Xt AKT K AKT BEER L/ FHIsem, sk
xKHY], KRIL ITGA6 FF{% AKT BERRL/KFRIZRIL, 6] AKT BERZ 1L (t=4.753, P <
0.001); IFRIA ITGA6 N AKT BFERIL/KFHIRIE, i AKT BEERIL(1=7.445, P <
0.001).



& 10 ITGAG XF PI3K/AKT 15538 B g
Fig.10 The effects of ITGAG on the PI3BK/AKT signaling pathway
7E: A: The Western blot results of AKTand p-AKT in the ITGA6 knockdown group, ***P <
0.001 vs NC group; B: The Western blot results of AKT and p-AKT in the ITGAG overexpression
group.,***P < 0.001 vs NC group.
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ITGA6 7£ AWE Jiktsmthmakik, FIRE S AAL 75 IR SR I 5 m A5 R el
k. B, BAEREEMIEED TERME, (A m . -2 5 RIRRE, 4
FEOH B B R AR B, 72 EMS HURIETE ), g S B Y BBAAE A = B ITGAG
AL TR, BN -A0 i A - R 0 TR, TR IR ) B I VR AL T A
fis. MRTEMBET B AR H S, ITAGE RiETHm, FEAT2mFM 3. faoe
o, T FE AR RN . LR, AT BRIESE T ROR AL LR, AT DA
YAPITAZ {55k, 25 TEAD ¥ 1454 Ll ITGA6. #I'= ™ T ARG 05T ReFin
JEIRABANLIRAE FRGE, ITGAG Tkl &y, WL AR 7 AR OC SEIGIRAIE

St EiR ITGA6 FRA (Rt 40 EMT FIIME AR, IGaRgfufZ2%. TR Am Lt
M H A, HRACREMIHIG EMT R A K, UF B IR BE 7 5 A R S A 4 L 4% 1)
J B LU R 1R 28 R0 JI 4 @ I ML B . Horh EMT 76 EMS R JE R # B ZAE AL, fii
TR 2K RPN RE Dk as i B A iE i R 28R 1, BRI A EMT, S Rl



JR AN A A RESRAF ILAFAERO, H AP 3R AN E-cadherin N, N-cadherin LA, 57—
Jiifl, AR IEARE R E, R MR B K TGF-Bl, 'S TGF-p/Smad 15
SIESEHE EMTIY, RT-PCR Az Western blot 25 7R, 7E AWE ' N-cadherin Il TGF-B1
FiETHE, PRSHERE EMS —FE, EMT & 507 N YN 3k 1312 22 MRS B8 7 1 0
AR, IFHZ R B ITGA6 1%,

VEGF & {14 M A2 B AAZ O R, JE 38 0 i /7 3@ 5 1, (R b o /85 Py oz 4 i 34 5 A0
WAEME . TGF-pl fEAZIIRETA T, N SMMIEIHE L, £ EMT ORI FEIE
M. BRMBER, EMT B MET VEGF M TGF-B1 /KFJH&E, 35 EMS IR 2 1 1EAH
. EIETHRK ITGA6 £ik, VEGF Ml TGF-p1 f5kr& 3 T, EW 1 IEEE 75 IR
Rk T B2 B ML A B A W I JR (b h A BEHEAT IR 28, AIFESZ B ITGAG 1%,
ITGA6 XU HE = ML AL Al EMT, 40 ITGA6 mTLABHWT EMT Fligc/b i A& . 12 H
ITGAG il 57, BHWT H AR 22 Ak D ks B 45 Mok BV, 9 AWE I PREE 67 S A8
J7

PIBK/IAKT 15 5 S AL VE NI N AZ Ol R G, 08I SRICIE IR 1 SE LIPS A5 5 4%
S, ZH5IEEHRGTE. BFHEET D REEE . e N ERNE ST, 224
AR R, [E SCUE R T RS . B B B (2 R AT EMS )k AR,
MR T- RS G H AR PIBK RE A I, MALBEIRBULEE-4,5- — 8RR (PIP2) kAR
BEALRE-3,4,5- =R (PIP3) #4{k, ZE4E AKT 2 @ifRik, VHL AKT B BRI %
L4 T e VEGF. mTOR S8R0 4r 1. EFHAIEIC ITGAS FikJ5, AKT &&EpEZTHE,
IEW T ITGAG 1E N EH RN, T PIBKIAKT 15 Sl # . IRKIZrrh, AKT 73 i 11
il AKT SRR AL PR BB AE AT, ATy AWE 37 880 )R 70,

AWE Ji it i fE R T LA IR ITGAG RiE, UG PISKIAKT 55465, 5%
TSR B RR A, DK S 2E A B AN BRI AR B, 30 6 4 AR 2RI R
ERE, fEHE AWE RAERRE . RBFFNGTRMRE AWE Kb, v PIBKIAKT #E [k
J7 BE ARG (BRI IRIE: © IRRFEAREUD, SEdh R o ITGA6 Atk
T AWE IRIRM A, BRFMK, FET AR RLIR: © AWE S HRE
A, SEEREE T Ishikawa SHAE R IBEATAT T, 128 1 75 2 JAQ A i BAL) S 2 ) R 0 UIF S 96 45
H; © BERT AWE F ITGA6 Tt} PISK/IAKT {55 i, (Ha2ERbx ITGA6 I
TR RS SIE e R o TR NI 5T, RES EEIRZE TR
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