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functionally related cytokines in a mouse model of incomplete embryo
implantation disorders
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Reproductive Immunology, Urumgi, 830054;*State Key Laboratory of Pathogenesis, Prevention,
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Abstract Objective To detect the proportion of splenic follicular helper T (Tfh) cells and their
functionally related cytokine expression levels in the incomplete embryo implantation disorder
(EID) model mice, and to explore the immunological mechanism of Tth in infertility caused by
embryo implantation disorder. Methods Sixteen female Kunming mice were randomly divided
into two groups, with eight mice in each group. On day 4 of pregnancy, an incomplete EID mouse
model was established by oral gavage of mifepristone suspension, while an equal volume of saline
was administered to the control group. On day 8 of pregnancy, the mice were euthanized. Flow
cytometry was used to detect the levels of Tfh cells in the spleen lymphocytes of both incomplete
EID mice and normal control mice. gRT-PCR was performed to measure the mRNA levels of
B-cell lymphoma 6 (Bcl-6) and chemokine receptor 5 (CXCR5) in the spleen lymphocytes of both
groups. Western blotting was employed to assess the protein expression levels of Bcl-6 and
CXCRS in the spleen lymphocytes of both groups. Serum levels of interleukin-4 (IL-4), I1L-6, and
IL-21 were measured by ELISA. Immunohistochemistry (IHC) was used to observe the
expression levels of progesterone receptor (PR), Bcl-6, and CXCRS5 proteins in the uterine
endometrial tissue of mice in both groups. Results Incomplete-type EID mice had a reduced
number of embryo implantation points and reduced endometrial PR receptor expression. Flow
assay results showed that the proportion of CD4*CXCR5*Tfh cells in splenic lymphocytes of
incomplete-type EID mice was significantly higher than that of normal controls (P<0.05).
Compared with the normal control group, Bcl-6 and CXCR5 mRNA levels and protein levels were
elevated in splenic lymphocytes of incomplete EID mice, with statistically significant differences
(P<0.05); serum IL-4, IL-6, and IL-21 levels were elevated in incomplete EID mice, and Bcl-6

and CXCRS5 proteins in the endometrium were significantly elevated (P<0.05). Conclusion The



increase of Tth cells and their associated cytokines Bcl-6 and CXCRS5 is associated with the
development of incomplete EID, and may be involved in the development of female immune
infertility.
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Type 5 protein; B-cell lymphoma 6 protein; cytokines; endometrial receptivity
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JAHGAE PR A2 e 7L B BB R v 28 R E LIRS, 75 SRR T RS R G 2 1) £ v
MRS EAEN . EIRKRSEEF, HIGEREERS (embryo implantation dysfunction, EID) /&
SHAMARRNEERNERZ —, HIOWHHIR:, B R MAERSRHENRE. T4k, BHE
T RGAEMNGE R AR 1 H 28532 210560, JUHIERAHBIYE T 41/ (T follicular helper
cells, Tfh) ARG T HIAA AN S EID B D)4 KM, Th 40 24680 1E T 40/ (CD4A'T
dif) MEZEHRE, @k E RIS T2k 5 (chemokine receptor type 5, CXCR5) #1 B
4Nk SR 4> F 6 (B cell lymphoma 6, Bcl-6) 2543 F &M TIHIIX, W% B 4iffnidfb &t
WAER, S EERRENE . CHRERY, Tth dMThas R s 7 RiE K]
RE VS R AT IRAR DG S B i BRI N, UM RG B R« SRIMHAE EID A () BARHLE] A . 1%
WHFC B A TR EID ANRAERY, RGHRD Th i S L OCHE K 7 7E I i 4 R A v
FIERT, LUt — D4R EID B G AL .

1 ME5ET5E

1.1 M8k

111 SERaY) 16 K 7 FESHEIE R IINR, AFE 30 ~ 35 g, AR E KA H ARG IR
BRI 8 R 7 R HEVE R WI/INEL, /RBTR 35 ~ 409, AR E R B Y AZRC
A& BTN RIEK B IR IR TR SRR R SR S . TFRIAEN 12 h B E
B, 20 ~24°C, MIXHEEERFFIE 40% ~ 60%, /N H . ST Ol bkl

KEF SIS TG T 2 d Al uE (LS IACUC-20211224-47) .



112 RS54 KAEm A CRM AR ARTTELA D . BRI R4
(interleukin-4, IL-4) . IL-6 F IL-21 ELISA 77 & ( RIS MRHA R AT , RIPA
2. PMSF. BCA EHEERXAG ERZEEFRELAMRAR) , —H%k SDS-PAGE
B PO B A& AR A ARG R A ) , 0.45 pm PVDF it ( L3R5 R4
MHARARAT]D » ECL A2 ROGIRRA G L ZARRH AR AR sl
& RT-PCR A& (EAW TR CRiE) ARAFD , APC-CyTM7 Fricdit/ i CD3 Hifk.
FITC Fricdi/Ni CD4 Btk PE AricHi/ i CXCRS difk (£E BD HIRAF) , %fi Bel-6
ZIEHUR. RIS ZIK (progesterone receptor, PR) £ safHifk (i =8 A A
HIRAFD , bl CXCR5 Zrwkedifk (LnttlMAREMHAH IR AR . qPCR 514 L
EIERARA G/, FIFFIE 1.

B8 Bk (AR , Bt (RS AERES = RAERARD , HK
B0 CREHA R A MR AR A D, gl (5E BD HRARD , %6 & PCR
1 CEEFMNHAM RS 5% (Lilg) ARAA)D , Westen Blot S5 (LR EE

ZHEMREAEIR AT ) , 2.5/10/100/1 000 pL FWige (4 E U AR BB A AT .

% 1Bcl-6. CXCRS #1 GADPH [ 5| #1551
Tab. 1 Primer sequences for Bcl-6, CXCR5 and GADPH genes

Gene Forward (5°-3°) Reverse (3°-5)

Bcl-6 TGGCTCCAAGTTTCCTATGTG GAGGAGTTGGCTTGCATTCC
CXCR5 GAAAACGAAGCGGAAACTAGAG | AGGAAGATGACAATGTGGTAGG
GADPH TCCATTTCCCCTGTTCTCCC GATTTTCACCTGGCACTGCA

1.2 HE

1.2.1 A5e4A EID DNRBERESE MM/ RIS R  ERSE 1S, B 2:1 LBk At
TANE MR A AT S AL T, O LR B R A M A R 2 A, A
LS A A e SR UREE 1 K o K 16 ARG BRBEALSY 2 4, 437329 Control ZH1 EID
M, H8 H/NR. T/RIEIRES 4 RE E#HTIER, EID /M4 T 0. 16 mL/ A KIER]EH
TREOE B I &8 4R EID B, Control 41/ WUE B S B4 IK, MIFEEMIRYE 8 K
Wb .

1.2.2 ELISA SERPUME 1L-4. 1L-6 A1 1L-21 AP 0 5 HR BRI i USSR A I3, 4408
VLRI R A AT Q4 Pk WA S AR S, T 450 nm AR % L% % FE A Coptical density,
OD) , JfexfilbriEfhs, 5 IL-4. IL-6 A1 IL-21 &

123 PEMEMELNRE Tt AH BRI 7EJ0E 2 0F T CUMEME 2N R, RE I




Je U B K HOR I TE A PBS W o KT B TR M ARME b, e R b
BRIE/N B . F PBS vk 4 i HKs 20 21 40 B Ui 42 1) 50 mL B0, 2 000 r/min 2.0
5min JEINA 4 mL L0 MR, BE80R 2 JFF#E 5 min /5L 2 000 r/min &.0» 5 min Jf5 L
T PBS B Il 8 ki ik 28 i 0 b, BL 2 000 r/min B0 5 min 3% L. PBS
R, R E 0 1X108 N/mL. B 100 pl 40 I APifk: 2 ul CD3-APC-CyTM7.
CD4-FITC. CXCR5-PE, Zim# A 15 min. JI 400 uL F B PBS #4774, 1500 r/min
250 5 min, FEEHBR. FOONA 300 ul JCHE PBS FE 40, RS IEA S . i
Bt A ML P M S HEAT AU o
1.2.4 /NRBEEM E 40 Bel-6 mMRNA Rl CXCRS mRNA RIiEKFRAGI 5 TRIzol k7
R U5 A SR R AU b E2 40 i 5 RNA, 4] DNase il &b 3 25 B 5 R 40 DNA, SR J5 14T )X
ek N cDNA. Bcl-6. CXCR5 LALLAZ IR GAPDH )3k Al 7 41 ] LLIE i K] 128
(Gene Bank) ##k. & & PCR MK R K SYBR Green YR TAG I, FAf (R s B
WA, BAMEARIET 3 IRBREL . At E & PCR OGIEAT LR PCR Al
3 M2 3 B K A i R e AT R 2 3 KK o AR AT S A F gk AT PCR 978, qPCR B of
o WIEHALTE 95 °C, ##%: 30 s; 42 N oREEAT 40 NMEIF, BAMEMEFE 95 °CAME 5 s Al
60 °CiB K/ZEfH 34 s, JEILICF RN FLAIFEA RME (cycle threshold value, Ct) , FfA I AHXT
SERVETH R ) FRb .
1.2.5 Western blot A/ 5 AR EL 40 Bel-6 F1 CXCRS & AKIRIE KM/ BB
BRI BRI E T EP &b, AEMA 1 mL RIPA ZMRAT 10 L 2 H IEREBER
(phenylmethylsulfonyl fluoride, PMSF) , #f K E##E 30 min, DAITR 77050 . K R
J& BIRE S BN T = 29 0oL, 12 000 r/min 3.0 15 min, WS AN Z WA, FHHR8E] 1.5
mL ) EP & . I BCA ENEEEPUKE . # Tk, BuEEMHLREH, BT 100 °CH)
EJE AN 10 min, ERERESENE. NG, BRI EERIFHEAEF T-20°C0K
e . T 10%M 7> B InkEse R Ja, % 80V Hidk 30 min, J5H 100 V 4kZEHLTk 80
~90 min. HIKGHG, BWEHIN0.25A, HF 90 min, W EHUE, 4 PVDF RIZIUAE
5% ) i g kA v R, ARSI R ] 60 min. IS, AN\ Bel-6 Al CXCRS HifA ke
T (1:3000) , WZEAHMEE-3-BR NN (glyceraldehyde-3-phosphate dehydrogenase,
GADPH, 1:5000) Jf7E 4 °C N H IR . K H¥K PVDF RN TBST i, BEEk 5 X,
R 10 mine SRR BARE SEALYIlE — PUMBR (1:5 000) , fE=iR R H 60 min, f&

FH TBST ¥k 3 X, X 10 min. e, K @il A 1 B % 1:1 itk 4, HX 200 ~ 250 pL



BEIRR T b, BRI R .
1.2.6 HBEANME/NRFENE PR, Bel-6 M1 CXCR5 MIRIE K15 ) A A BT 60 °C
s n# 4 ~ 6 h, FEALE 37 *CHRHAH I A IR 8 — HORBLS 2 7k, K 10 min, @
W ORERREE K, AR 3 mine HIZRETKIRG UG 2 K, &K 5 min. #EATHIREEE,
FEARTE IR T A, H 3% H.0.7E % I N BRI 10 min, (] PBS LB ert i 3 1%,
K5 mine JINE IS JEAE =R R A 15 min, #01 PR. Bcl-6 1 CXCRS Hi iR ik
(1:200) , FFAE4°CHKMTHEMWE. WHLHRG, ik 15 min, A PBS {HHEAEM 3 X,
FFR 5 min. IO BAR I EALYIBERS R (1:200) , fE=E NS 30 min, FA PBS ¥k 3
R, BEX 5 mine BN BT, (EFIR TS E 20 min, H5EH PBS iE%E 3 K, fHK
5min. ffH DAB R geth, HARE Y. ZIFIT ZRERAEENK, = FoREEATIE L
KEEE 2 YR, BRI 10 mine A AR R IRE F, LSRRI A T I EMR . 8 Image J 3K
o34, TREFA X I B2 A OD fE S H A N AR, I FE % EE{E (average optical
density, AOD) {ENFHMERIA NI E ®Iabr, KL PR [IRIAHEHL . AOD =£ 4! OD {H/fHPEX
A
1.3 Geit A8 ot oAl 4 4 B T SPSS 26.0 %4 F1 GraphPad Prism 8.0 ##f. %
J1 Shapiro-Wilk K36 $ b 47 IE S TER DG . % T 2 IEAS M IE0E, 20102 581 t a5
BEAT RO T ARIES A M EUE, WR S SRR 30 E AT 20 1) 22 53 Fh e . BT dRs 1
P EE XKL, P <0.05 NZEFA L2 L.
2 4%
2.1 A5EAZ EID /NRAERMERS @A BALN BRI S K S U = A PR 214
R IK W e TGRS ) . 45 R R, EID 4/ RIMIRIGE R S30Ch 0.13 (0, 1) 4, Control
HNRIMERE IR A0 1475 (13, 17) 4> (P<<0.001, B 1) . FE A AZEHAMLE R
$&7R, PR TE Control HHIRIEESL. 564, EID 4+ PR RIAF /6, H—PEAYE
BRI, EID 4/ E ABEAH LT PR 8 A R#RIEKTEEKT Control 41 (P=0.003,
K2 .



B 1 PR/ RIERGE IR RO LB
Fig. 1 Comparison of the number of embryo implantation points in two groups of mice
A: Morphological observation of the uterus in two groups of mice; B: Bar graph of the number of

*kk

points of embryo implantation in two groups of mice; =P <<0.001 vs Control group.

B2 Control A5 EID /MNRTENEFBRZERIERKE L4 ~400
Fig. 2 Comparison of endometrial progesterone receptor expression in Control and EID
groups of mice, detected by immunohistochemistry X400
“P<<0.01 vs Control group.
2.2 EID &N/ B AR 4T H CD4*CXCRS*Tfh 4UMIRIE AT HIFLmT H4 Ak bk 2 4
MasrBifa, T2 B RS EhRIC, LL CDA'CXCRSMEN Th FIFR BT i . IR,
5 Control ZHAHEL, EID 20/ UEAE CD4*CXCR5 Th 4 i 9] 2. 248 % (P<<0.001, K 3) .
$&7r EID ZHME R RT REIE L (e 1t Tfh 4R A9 1Y BBes,  RFENLAA S S M A 2



& 3 Control 4151 EID 4H/NRBBE CD4*CXCR5*Th 4 L4 4347
Fig. 3 Analysis of the proportion of CD4*CXCR5*Tfth cells in the spleen of mice in Control
and EID groups

P <0.001 vs Control group.

2.3 EID BERI%H /N R B E4H il Bel-6 Al CXCR5 mRNA Fi5KF R Bel-6 /2 Tfh
SRR LSRR, T CXCRS /& Tfh UM MAR Sk 2 —. N T E— Sl ik Tfh 48
LS S DI RRIRES , A SRl 1 /) BB R 4H i Bel-6 Al CXCR5 mRNA FlEE 1)
FIA/KF. qRT-PCR 45 R4E/R: EID 4/ Rk 40 Bel-6 1 CXCR5 mRNA &7t s (3
P<0.001) . Western blot 45 342/~, 5 Control 414k, EID 40/ Bel-6 F1 CXCR5 & A

RIRIA /K R ER N (3 P<0.00D) , WA 4.

B 4 B4/ RBATHEZIHF Bel-6 Fl CXCR5 mRNA FIZ A KRB KT
Fig. 4 The expression levels of Bcl-6 and CXCR5 mRNA and protein in splenic lymphocytes
of mice in two groups
A: The expression levels of Bcl-6 and CXCR5 mRNA in splenic lymphocytes of mice in both
groups; B, C: The expression levels of Bcl-6 and CXCRS protein in splenic lymphocytes of mice

FkK

in both groups; = P<<0.001 vs Control group.
2.4 EID BEEIR /NI P 1L-4. 1L-6 A1 1L-21 RIAAKFHIM [Mi% ELISA Z5R5R: 5

Control H4HLEL, EID ZH/NRRME A 1IL-4 (P=0.002) . IL-6 (P=0.004) #1IL-21 (P<<0.001)



e R THRG, JLE 5. Z6 e RIBAR RIS R, EID BV R T AN N,
G B2 T R

B 5 ANRIES 1IL-4. IL-64 1L-21 BIFEEAKF
Fig. 5 The expression levels of IL-4, IL-6 and IL-21 in mouse sera

Kk

“P<0.01, *"P<C0.001 vs Control group.

2.5 EID # A%/ BT 5 Py Bel-6 Rl CXCRS & A RIE KRB AW TR G e 214k
Rl 77 E A2 Bel-6 1 CXCRS5 HIZRIA /KT, kil 45 15, FIVEE 5 A A AE T
B R T A A B Bz Al rh, Bel-6 BHEAE 5 e An T 1) 5T 4 40 g A% B L R 4 i
FIMUA%, CXCRS BHEAS 5 i o T[] 5 40 Mo A0 2 A 240 g ) PR i s i o . 5 Conttrol ZHAHEL

EID /MR 5 NI Bel-6 F1 CXCR5 R iA B & £ (3 P<0.001, K 6) .



B 6 NRFERBELL P Bel-6 (A) R CXCR5 (B) HFRIEKF

Fig. 6 The expression levels of Bcl-6 (A) and CXCRS5 (B) in mouse endometrial tissues
“™P<<0.001 vs Control group.
3 Wik

T B R AR NS T BT A 5 R IR 2 TB] ) R R 470 AR IR —Td R, gt i
FO S PR AR AN B S 4 i A% T ORBEAE I, 25 1 BEIGAE ELAE T ROADI9IRT B . Th 4AJifLE CD4
T AR —FRFRNEAE, RIS P B oot AL, EEEE et B 408 5H . 71k
B ok R FEAE R B, o TSR, AR R IE 2 A A RS R4 2R, CD4*CXCR5*
Tth 4R AT EL B 3800, HAEZ8], AhE I rh PD-1% Tfh 4AAR A b 25 v T2 00 it
4), PD-1*/CXCR3* Tfh #AHHu i LA 55 51l i B ES KT S IEAR ORP). & BEKSF ) Teh
AT BT AR IR AR M S T, LS4 22 U AT R S R A R AT OGO, B, R
M R IER = (recurrent spontaneous abortion, RSA) 4 i Tfh 40 L &2 ETF,
G MEARZ B H PAATER IR, ARSI RT3 T 40K R OUHSE, SR H
SEEVEERT BRI IE AR PRI, [RIBE, SEARIVIE) Tfh dfufAR R AR 2GR HodfE, 28
ik /b ) Teh 28R R AW RES: 2L EID 2" . ABEFTH, EID ARG IR 8 B RS, [

I EH T 5 N PR 32 R KA 7 o 3t — D S i B, EID 4/ R IE - CD4*CXCR5*



Tth A LI 2 BT, 40K Thh 4HRR I 5235 WAk 2 5 BEIR G i 52 (0 R 4, ki s iR it
¥ PRI AR .

AR T2, EID 41/ RUiiE o IL-4. 1L-6 K& IL-21 K FRETHRE . IL-21 {E~ Tth
EH M P GBS R, AR B Al R, G )i H ) Treg 4446 B3R Th17/Treg
S, TSN RER G i 521000, A IR PRI FT4R1E, RSA S 4N M & B h 1L-21 &
FHOR PSR F /KT, 327 I 20 i PRl AT BE AR T R B P PR R e R 4

Tth 2408 10 /A AN T RE AR T4 5 K T Bel-6 AL 7324k CXCRS 11212, Bcl-6
5y Th 2RI DS HE R, AOURREH AL, IEIEI# CXCRS (FRIE, F#HMF Tfh
) B 4HMRIXILRS, A2 G B IR A T 1, 2 Tl R 71 B, Bel-6
TET 5 PR AR (3o P R0 5 R i J AR R IR 45 )R 5 3 AR O, SR R FL T RE I B 1 1 Y
JE 2552 PET R S R BRAENRE 7. MEAh, Bel-6 I8 A 52 T 5 A I S A R T FE 12 Wb 54,
B SRR HAE T B N RE R AL i AR AR RN, EAE AR EID BN
SR PR AR T2 4 L, Bel-6 1 CXCRS fER: AR H/K PR3 B, 29 Tfh 4iffuit T
AR MRAS . EEENR, T E NI R F RS Bel-6 5 CXCR5 Rkl
Wl TbE, HEE A TERANR SR EEAN . X—25 8 52w, Trh 4 fAH 5551 7T RE
HEZ 5T EABR S M S M. 1 BRRE, REARE EID R4S
R AR R G A ZE AL S AR Th RE S L IRIAEAE XA Bl Bel-6 ATIRBN %
P 5 I AE TR 3 WA T REA A 1E 5 TR T MR AA T R G U ST B — 25 i R G 2 A4
57 SE AR SR, TERUE RHEIN, BASBURMRE IR, ZAH VM EID E A
T SEAE B R SR AL TORTALAR , R W] Tfh 40l —Bcl-6/CXCRS Al #£ BEfi S TH e 15 i A
WAEEEAEA

AN, AW FTATRIN. gPCR 1 Western blot #35 X955 T R 22, K At B REIEsL
TEJRE Tfh 4R AELE B oA, BRI TGV 56 4 ) W L AE 7 5 P9 LA 58 o () LA £ FRL AL
il AR B 2L EU S B A M R AL o MR 2% ) s LA 5, ASEARS 4B /R Th 4l /2 B
Jif ST R D RE B A2

g LR, AW Tih AR fEi%ik & Bel-6. CXCRS K55 EiAlAe S5 EID
BV o 33 R 30 3o (R O R T3 R S 38 A M- 7 R B T T A A o
e, A RIAREN o P45 Th ZHHVE PR B NS 5201 AT B8 9 S S AH G IR R IR 18T
(RIIE T SRS o
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