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ABSTRACT OBJECTIVE: To construct a ternary co-culture model of human endometrial organoids, stromal cells
and peripheral blood mononuclear cells (PBMC) , optimize the suitable co-culture ratio of PBMC and organoids,
establish an in vitro model close to the in vivo physiological and immune microenvironment, and preliminarily explore
its application value in reproductive immunity-related research and drug evaluation. METHODS: Endometrial
organoids containing only epithelial cells were constructed, and their ability to simulate the menstrual cycle was
identified by immunofluorescence assay. A binary co-culture model of endometrial organoids and stromal cells was
established at a ratio of 1 :3, and the expression of ciliary marker acetylated a-tubulin and ciliary structure morphology
were observed by Western Blot and transmission electron microscopy. The effect of different concentrations of
interleukin-2 on PBMC viability was detected by CCK-8 assay, and PBMC were typed and identified by flow

cytometry. Cell Titer-Glo 3D reagent was used to detect the viability of organoids and stromal cells to evaluate the effect
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of different ratios of PBMC on their viability. Finally, a ternary co-culture model was established, and the co-culture
ratio of PBMC that did not damage the viability of system cells was screened. RESULTS: In this study, an organoid

model that can simulate the periodic hormonal response of human endometrium was successfully constructed, and a

ternary co-culture model was established. The suitable co-culture ratio of endometrial organoids to PBMC was screened

as 1 : 10-1 : 40. However, the submerged binary co-culture system could not induce the endometrial epithelium to

produce mature ciliary structures. CONCLUSIONS; The ternary co-culture model established in this study makes up for

the deficiency of the lack of immune microenvironment in traditional organoids, and can provide a stable and reliable

pharmacodynamic research platform for the study of the mechanism of reproductive immunity-related diseases, in vitro

evaluation of immunomodulatory drugs and optimization of individualized medication regimens.

KEYWORDS Endometrial organoid; Co-culture model; Immune microenvironment; Personalized medication; Drug

screening
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BRSSP Th/Th2 40 S PR 7 2 i | 62 40 0 o 3% 1L 55
o PRIBUIE 5 S S AR 2 I S W JB RS 28 S AR B 445 ) 9
PIAHSET AR SR S R 1 R0 R 22 ) T I 2K R
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1.1.2 jﬁg{S(%g:SpectraMax ® Paradigm ® Z IR
IR TN ) —Hl B SpectraMax Paradigm, 3 [E Molecular
Devices /A7) ; % 5 H1 85— 5 Hitachi HT-7800, H 7% H 575
AR A AR A HL—RS PM-24 5 4L 2% & E S A —
A5 SCG-W3000 PLUS, I ZE4E /R A Yy RHE A PR ] s i = am
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1.1.3  FERHA . ITS(00-102-10 mL) ,GlutaMAX ( 35050061) .
Hepes(15630106) . Advanced DMEM/F12 ( 12634010) . J#i & I
fiE-EDTA (0.25%) (25200072) \TrypLE (12604021) g H Gibco
V] N-2 TR INF (17502048 ) | IV %9 B 5 i ( 17104019) T4 A
Thermo 23 7 ; KEEE ( M4896) . A8301 ( M5037-5 mg) . N-Z. k-
L2 bt 4 2 ( M58483) . SB 202190 ( M2062) . B-27 ¥ Jini 5
(12587010) . Y-27632( M1817-10 mg) FREERZ IR (cAMP) M
WE B EW A Abmole /A 7l ; EGF ( AF-100-15-100UG ) |
Human Noggin( 120-10C-50) . Wnt 3A ( HZ-1296) .FGF-10( 100-
26-100) . Human R-spondin-1( 120-38-100) #J H PeproTech 2%
) ; IL-2 ( GMP-CO013) . anti-Human CD3/CD28 Beads ( GMP-
B016) g B it /7 & 1 ; Matrigel ( 356231) g H Corning 2\ 7 |
Dispase(07913) W H STEMCELL %> i ; Collagen ( 5074-35 mL)
I [ Sigma 28 7 ; — % PAGE % (B8 i 7 £ ( SKV0055) |
BCA X7 £ (SB-WB013) & 1 LA v (P1040) 1 A 257K
N F), E-cadherin(60335-1-Ig) \ER(sc-8002) ,PanCK (26411) |
FOXA2(22474) . PR ( ab32085) . Vimentin ( 60330-1-1 g) 4
Proteintech A ] ; APC anti-human CD3(300412) .PE anti-human
CD4(357404) FITC anti-human CD45(368508) Il H BioLegend
28y RPMI-1640 1% 3% 2 ( £600028-0500) | 4% 4¢ ity 4F 1 %5
(E600001-0500) M A A= T A= ¥ 1. #2 1 iy A FR 22 &l ; BSA
(4240GR100) g H BioFroxx 23 ), Triton X-100( C03-03001) 3
A bioss 2 F] AR JE L bk T 48 i 43 125 W ( C0025-200 mL) | %
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IXITS 1% 7 % & R4 5 R-PIMER R B 19 =H0.10 pmol/L
Y-27632 1xN-2 #4051 xB-27 % 0. 1 mmol/L KHMBEME |
50 ng/mL EGF 100 ng/mL Noggin 200 ng/mlL Wnt 3A 100 ng/mL
FGF-10, 500 nmol/L. A8301, 200 ng/ml. Human R-spondin-1,
1. 25 mmol/L N-Z,Bt-L-2: 22 .10 pmol/L SB202190,,
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FE NI 1 h B A0 5 & T Matrigel ,37 °C [E4k 1 h, il
A ExM 553538 BT 37 °C 5% CO, &M R, B3t 24 h
J& A 10 nmol/L E, A ¥R FB NIREERE 4 d, BT HiEA
WAFEI &4 10 nmol/L E, .1 pmol/L P, Fl 0.5 mmol/L ¥
BETR IR (cAMP) [ ExM 4F 22403 4 d HE S B 3 A 40
W1, WSS BRI MBI R 20 EE B cAMP Y SR PE

(2)HE B0 R e o g (oS e T e NIRZS A8 B . e
BE T ENEHN LM R 2GR 5N
JEHHE A 6 mL 4% Z R B ER TREE 1 h, AR
Yl 1R R A AR AL 325 B I Bk 2 UK, 20 min/ IR
ZTKLEET (5 min) , JGKLEET (5 min) , 95% £ &
(3 min) .85% Z%(3 min) \75% Z. % (3 min) Z&EHH/K (2 min)
KA ZRIBK TR X5 F HE Je €0 IRARFE Y% 5~ 8 min, 4T
By YRR G5 75% 215 (1 min) .85% 2B (1 min) .95%
ZEE(1 min) , 100% JG/K B2 2 ¥R (3 min) 7K, K& W]
2 KBRS min, PLOOGERFIE R BB DO 0T T g
IERERMG, X T HRETICRA DAFERMN 1xbi 1B 5 R’
(pH 6.0) B F,95 CHLPE M 15 min, A H1 20 min,
PBS ¥k 2 W, B 3 min, g 4102 B E XU, il OWB
(3% BSA+0.3% Triton X-100) 25 i % B E A, i A — 3%
( E-cadherin 1 :50 ER 1 :50 PanCK 1 :200 FOXA2 1 :200.PR
5 wg/mL Ki67 1 : 100 Vimentin 1 :500) ,4 °C W H 7%, PBST
(0. 1% Tween 20) ¥, 206 " H0 (L0 H-488 M1l 4L
FR-594 R 1 :200) iR WEE 1 h, PBST ¥ 3 K, IR
10 min, L DAPT/E X HR , % 8 EHEE 10 min, PBST 15
J& , FHIE TR MEE FoRERIR .
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1640+10%FBS+1% =HUIH W) HEANM, & THFRILA, T 5%
CO, 37 CHaRAE MG RESE % | 1 RIEFIS 19 24 h PIWERIE T
2T AL ) U B AR
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FERAN B %% BE 35 80% ~ 90% B L) 1 : 2 1y AL 4%, ff
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AL 10 min J5, %I T 1 500 o/min B.0> 5 min, £3E85 F 57
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ExM T 5% CO, ¥Fifaisst,

(3) Western Blot Bill£F BRI IFRIE, WEFEZEN
TOCHLRE TR KIS WA TR PO A 2 (R AR H
2 HEE G 0 P T8I 1S GRS A i A 2 | A
FEEIEHM G RIPA 24FRA AN, 4 °C B0 IRIVE R
i, 48 BCA B HE &5, A 5Xloading buffer, 100 °C 10 min
B AME, B 10% B9 (5 PAGE BEIE , LABEAL 20 wg 5 A HL
WK TR RS = IR ] 1 h,j]U/\*ﬁﬁi*%Whl(acetylated o-
tubulin 1 :2 000 B-Actin 1 : 100 000) ,4 °C 3% K & ; TBST ¥k
W3R, BIR 10 min, BfJE A B0 (L AEST R WEBTRL,
1:5000) ZIRIFE 1 h JFVES 3 K, 4K 10 min, 0 ECL %
TR AR

(4) BYT RIS LT B2, RS A 52848 —
TCHREFEAGIR (o R [ VIR T R E 2 b [ S i
PBS Mk 19% BB E 1~2 h,30% ~ 100% 2 BL6 B K
PRI B4 2 U, 26PN -SSR 1 101 : 3B B R, dli il
FIAR . 70 CHRA 24 h, Hil &Y R, 2B B A Al 5 475
FRER L), T I G N WAL 45,

1.2.3 FHNMERETSE TN L PBMC = ot 574
R . (1) PBMC RYFRE ., BBOHT 6 i ik it fin A 5514672 PBS
R It e ST AN Mk A E s B L, £/ T
1 500 r/min 0> 30 min, BFHZERE 5 min, W PBMC 2 3
& ,PBS F &, 1 200 r/min B.0> 5 min, FE YE¥ 2 #, T PBMC
RS R P BIF R IR (1640 55573+ 10%FBS+1 nmol/L 11L-2) ,

(2)PBMC W3 . ¥ CD3/CD28 fERE L 1x10° 4~ PBMC
JIA 1. 0x10° 4~ beads/mL 4% B F PBMC #3214k & \5%CO,
FEFEA TEGE 24 b WHERBGE S 1 PBMC £ 1.5 mL Ep &, &
TS 1 min $i3: CD3/CD28 #EEK,

(3) CCK-8 4 IL-2 X+ PBMC M5 540, G BRI
J5 B9 PBMC, LIEAL 4x10* 4~ PBMC 27 CCK-8 5286, R H 23
FA X FR A R 50 % R, I A 0.0, 1,1,100 nmol/L #J 1L-2,
T 37 °C 5%C0, WEEFEF DS, BIL TRETMA 10 wL
CCK-8 X7, i FHREHR AL T 450 nm ZLKGINES 0.5.9 H A
FE1H

(4) FaN AR, B PBMC 28 40 wm 38 M3 385 850
B 1x10° 4~ PBMC, fill A CD45 ,CD3,CD4 FTIA& (PUik TA4EH
B2 we/mL) FIR A E 20 ming 1 300 v/min #5.0> 3 min,
PBS ¥k 2 ¥k, LA 300 pnL PBS B &5 ] CytoFLEX Ji X 40/
A BRI,

(5) AN LB PBMC X =035 F B AU 41 B 75 77 952,
B8 25 3 UM T8 NS AR, e 1.2.2(2)
hhE R, R TFEANREGERAREEREEN
6 000 /fL, WKW E SRR E R LR 1 31RA, A
MAC(RBIL R 121 1) BB, AL 5wl 50T 96 FLAR ,37 C
B4k 1 h, B CD3/CD28 WEER TG 1Y) PBMC, R E 5
PBMC 4HAE%iE>A 1:10,1:20,1:40,1:80.1 : 160 [ LL, H
1M IL-2 Y ExM B85 FF R EAE A e NIRRT X
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SN A e IR SRR R X IR, TR FLINA & AR L
% PBMC 1% 100 pL ExM VAW, W8] 4 48 h P, 7=
JCALRE SRR AL RS 5 d 5, i B E 9O BB VSR 240 ik
BIHAME BES 3 0E & =Ou LB R BRI R AR A R T IE 1Y
PBMC, ffi[H TrypLE {HALRTE AL 10 min i — o8 iR &
=orHL R SRR p 2R AR B IH AL A, # DT = ¢ x1g2/
(1gN,~1gN, ) 155 240 B A% 38 1 8] ( DT A A5 15 B 6], ¢ Ay 35 5% i
KN, MVIEANAEL, N, ¢ PRI . BEFLAR UM A
100 pL advanced DMEM/F12 J 100 pL Cell Titer Glo 3D 7,
RIZED 5 min,37 CIFE 25 min, 25 iR T4 5 T B4R 046
2ERNES

(6) =L ER IRl EE Ny, RERE SRR AN Y 0T
IR S A S H Bk 1.2.2(2) , IR ook
FeRAMERD 2 24 LT 7 ¥ 8 wm Transwell & T LR |
B, FEAAGMECE J 12 20 i PBMC, BEJ5 7E Transwell |
FERFEPIIA 350 wL ExM 85555 K 1 nmol/L 1L-2 #3728
aE S IorAL G IR
1.2.4  BUdE b B, SR ] SPSS 26. 0 3K {4 #E 47 48 1T 2F 40 7,
Shapiro-Wilk £ 36 A EC & B 47 A IE S0, fF & L& T
) SRS 4 LU AR 1 22 (Mean+SD ) 37 s T A7 52 4 1 o
5 3 1K ; Levene KB I W 22550, A R AAF & IER 010 B
F ZEARFENF T Mann-Whitney U 30, P<0.05 R 2% %48
gt E .
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FE NI E RIS E R AIEARICY) E-cadherin  PanCK,
KT E NI E LB A0 IE R AE ARG B 4, b A2
RUAEE WL (F 1A) , FENBEAERERIBN F R
FAFRCY FOXA2( B 1A) , B GH I B T8 A 20 R 25 4%
HAMEAHES B A (B 1B) 42 P RS,
JRAAR 30 R B AR 1, TR R M S P B T A 3, AR
(% 1B),

GIETCE R R I T B NS EEE PAEP 975¢
SR BE O (21.27 £7.48) %, T 43 WA ] PAEP 1Y 92 5% 5 B2 O
(61.7£2.52)% ( &/ 2A . C) ; MUC1 A9 ¢ 658 BF Jy (48. 88 +
1. 69) % ,MUC1 [z E N (58. 56+4.36) % (& 2B D) , %
B8 I RE AR B B B A 53 /0 i MUCT K& PAEP T 733
HARE 5 K & 43 MUCT M PAEP, Z S A i % 8 X (P<
0.05), TENBEEBRERE, B AEYIE, A ZEY
FriCH) Ki67 ER PR KA, 4 E, P, & cAMP ST EHN
JEREERE AWM S AR iC ) S PR (B 2E-G)

2.2 FENBASESERAR _THEFHEINEER
HEHUREHH

GO L IR A —n LR SRR AL P T PRI R
MMRRBPOLEARICY) Vimentin (18 3A) , 15 N BEEE 40
M BRI BE S SRR A N K ARTE (A 4EIR (18] 3B) . 7ELL MAC
AL Y Zor L B SR rf o N RS AR R R T A i A R
A R4, SR AN K AR O BB A AR (B 3C) . Western
Blot Z5 R W/, B A & R F IG5 I, 75 N IR 20
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A, T E NS E T E-cadherin PanCK FOXA2 {363k ; B. H45¢ 11 K
SRR FE NI AU FE ISR HE Qe (bR e
i3 BTSN 4 USSR L R AN R 9% T A5 )

Bl1 FEAEERBE HE RLEREEREE

FIk LA - o TS BT, AL 0 WA DT S8 R PN IR A
th LA -o- GO R 1 3R5A W R (B 3D E) o TTFEAHTF 5T
PR 2S5 B o, Y420 3 5 0 30 T R R D 3
F#ik(E 3D .F) . EGT RS — P MR BRFERE LA
LA RSN TR L5 (B 36) .
2.3 FEWNBEEFESERMEMKE PBMC HizsRb Gl KL

T A AAS T 25 S B R, PBMC AP R R I 21 K T 4 i
BE(IE 4A) . CCK-8 25 Wi, & FH CD3/CD28 H Bk % 1% B,
PBMC 7E 5 5219 1~ 8 d 4b F A 348 5 %A 35 09 R 9 kR 3
(K 4B), PBMC 5 CD3/CD28 WEERIMTE G , RS H0 IL-2 446
9 HEHE 0 HAH L, 40H3E F1 JE B ARk, % 1 nmol/L,
IL-2 L AE565 5 HARMaG 1 T, 58 9 H I PBMC 4035 77
5% 5 HHHFAL(E 4C) .

KAE T RIS R LW, 5 5 HEE, 72K [F H#) PBMC
B =oedb B SR A b P E NS AR B S PBMC SR A
1:10,1:20,1 =40 04 T HANMTE 11 5 e LR FEA AUAH He
RREGITFREL(P>0.05) (K 5A) , Z=Jok B e al gn
AR st ] 5 % B2 AR L B ST 25 25 5 (BT SB) , Hovr X B
LM 2EEN B A A AR E] 2 (23, 7+3.6) h, 1 : 10,1 : 20,1 : 40
R =Jn B R 2R B B A M M (26.12£2.53) h, (19.87 +

o R B 2GS PR 50T 2026 4E55 26 45 8 1
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Je A B G f AT s D. MUCT 73854 5 K 45 Wb 0T 0158 6 22 1 4
BT B 385 W0 T Ki67 1RA k. 3G i PR (ER 7
HOTE A K A 2235 5 G. Ki67 PR ER 7ERATH HA K2 40 WA 1) fr
SEUSEE T, © P<0. 055 *** P<0.001; *** P<0.000 1,

B2 FENEEREAZBRNEN

DAPI Vimentin E-cadherin

3.26)h,(20.03+4.41)h, fEFLEEFARAEGEE 5 B, PBMC
B TCH BRI (B 5C) , T4 HBIR 1:80 K 1 :160
A% = oL SR A of 8 RS A B R S BRI ok
KR 5C), Hib 1 s 80 4LAI T R4 A0 M S N R R
37.60% 1 : 160 ZHA TG I F % 58. 69% , 2 F A gtit 2B X
(P<0.05) (K 5A)
3 itig

SRR ) R B R TR A R AL SR
VAESR R B O 2GR © i B T IR R, 1
i e BTG, 83 VR SIS A% B VAR T A AR A 1y 2 R D 33 B 2k
2 A E R 2R 0T 3K 80% , i W A R Tt SR R | TS
Z2 (IR F A RS IS PR ) L AR T LA B R
WFFEAAR FR | 228004 B G AH DG 975 I ALkl v N B MG I DR
SRR A S MR JF &+ W0Gy7 , EAH 2 W 1E
O FOR LR AR RE R E AT FE
PR PR gt 5 5 o 0 i s A O o P IR R A 56
SRR S TR 3 7 25 A AR v gl = S A, I
DRGSR T8 PR3 e S R B, ik LR v 40 AR
PEGIESIRIR BDIR S . BT I, AR E W =0T N
B L R R R R A L AN R AN S
PBMC = KA .C4 57, AT REHLIG PR B T8 B g fon
BE L R P TR R A At e B R S R R S e i
T A SR 2535 e VR AL R 5T | 250 Wk B AR AL S I T
YRR T 25 A A G 5 5 I DR AR 26 6 T 24 | Bl = A~ M4 Ak A
PEABIRIMTAN AL B R SR PBMC 5 F 5 N2
[B) B S BAESRAE T TR MRS -5

RPETOCEERIW, T B NI R R IB T H W IR

T U
Acetylated tubulin ;i& o — ‘ 55

B-Actin — D e ! ‘.43

A, IR SRR G e VO T A ] B. T IR A M W 3 18 5 €. oo SR AL ] 45 [T D. Western Blot KU 57 N B 2H 2 B 48 B TE
HETE I e o3 ) b LB -o- O B 3R IR B A B I IEZLZU acetylated a-tubulin 5 B-Actin FEE A4 MR BEMHSE I (n=3,
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