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Abstract: [ Objective] To investigate the mRNA expression levels of various aquaporins (AQPs) in luteinized granu-
losa cells from follicles of different diameters.[ Methods] From March 25, 2022 to September 23, 2022 in our reproductive
medicine center, 48 women undergoing in—vitro fertilization (IVF) were enrolled and divided into the antagonist group and
the agonist group according to the ovarian stimulation protocol. Follicular fluid samples were collected on the day of oocyte
pick—up and granulosa cells were extracted from follicles of different diameters: small (<13 mm) , medium (13~18 mm)
and large (=18 mm). After RNA quantification, 22 cases (66 samples) were included for analysis and mRNA expression
levels of AQPs were compared among the three follicle groups.[ Results] The mRNA expression of aquaporin 2 (AQP2) in
luteinized granulosa cells increased with the increase of follicle diameter (linear trend P = 0.004) and the difference was
statistically significant between two groups of large and small follicles (P = 0.017). Statistical difference was found in the
antagonist group (P = 0.049 6), but not in the agonist group (P = 0.108).[ Conclusion] The mRNA level of AQP2 in
luteinized granulosa cells increases with the increase of follicle diameter and its expression is related to the ovarian

stimulation protocol, suggesting that AQP2 may play a role in follicle growth and follicular fluid formation, and its mRNA
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expression level may be regulated by follicle stimulating hormone (FSH) and luteinizing hormone (LH).

Key words: aquaporins (AQPs) ; luteinized granulosa cells; follicular fluid; follicle growth
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Table 1 Primers

Gene Forward Primers Reverse Primers
AQPO CTTTGCTCCTGCCATTCTCA AGGTTCCCCTGTGACCTCTG

AQPI GACCACGAGGCTGATTCCTCTC CTCCCCTCCATCACAACTCTCC
AQP2 AGCCGCTCTGCTCCATGAGATCAC GGCGGAAACAGCACGTAGTTGTAG
AQP3 TCAATGGCTTCTTTGACCAGTTCA CTTCACATGGGCCAGCTTCACATT
AQP4 CTATCGCCTTGTGGATGG CTCTTCTCTGTGTATCTGTCA
AQP5 CGCGCTCAACAACAACACAA AGTGGAGGCGAAGATGCAGAG
AQP6 CTTAGTTTCCTGGGTCCCTCCTG GAAGCCGTCTCCAGGCTCTCT
AQP7 GTTTCCGGTCTATGTGCTG GAATGGCCGTGTAGAAGAG

AQPS CACTGGAACTTCCACTGGA AATGAAGCACCTAATGAGCAG
AQP9Y CGGCATTTGTACAGTCAGAGACTC AATGCGTTCGCCAGAGATAGATAC
AQPI10 CCCATTTACATCTTGGTGCAG CTGTAGGGCATCATGGTAGAG
AQPI11 GCAGGAGGAAGTCTAACAG AAGGAGCCAGCCAGTATA

B-actin ACTCTTCCAGCCTTCCTTCC AGCACTGTGTTGGCGTACAG

AQP: aquaporin
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~38% P} 32.5% . BMI K 20.64 [2.18] kg/m?,
FE Al BF Y2 ) % 2 (basic follicle stimulating hormone,
bFSH) | # 1A 4 i, & (luteinizing hormone, LH) | i
FLZ (prolactin, PRL) M i# & (estradiol, E,) 52
(testosterone, T)}(5.31+1.29) U/L.(3.34+1.17) U/L.
(14.99+6.34) wU/mL.29.00 [14.00] pmol/L. (0.32
0.07) nmol/L, ¥t 28 ) 45 ##% % (anti Mullerian hor-
mone, AMH) 4 5.97 [6.46 ] ng/mL. hCG H ) FSH ,
LH. E,. Z2 il (progesterone, P) 43 ] & : (15.10+
6.21) U/L. 1.08 [1.38] U/L. 4 328.50 [2 276.50]
pmol/L, (1.25+0.36) nmol/L. F ¥ 3% BF % 4 20.0
[ 15 185, £ HE B 28 2 v B AR P4 B 93 R (gonadotro-
pin, Gn) &L &R (2 250.75+725.74) U,
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(CFHACT = 14.6+1.6; F22).
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PR G DA LG T R % b TR A
4511272 X (linear trend P = 0.004) . AQP6 7+ =21

NI 2R 38 22 S R I S (F = 3.421,P = 0.052) ,
FLAE /N (Hp R O 2 R 40 P ) mRNA 218K
FETRE B L TGS EA G X (linear
trend P = 0.019) . 4% AQPO.AQPI AQP3 . AQP4 .
AQP5 . AQP7 .AQPS8 . AQP9 . AQP10.AQPI17E 3 41 i
7 40 H A mRNA 38 KT B 3 (£ 2) .
E— 25 FEAT 40 BT 2 B AQP2 75 K B I 1 JIT 45 9
i I i) 2R 8 RN IR AL R (¢ = 2.887, P =
0.009; 1),

2.3 AEMEHEA R ABE AQP2 Rik KT ELE
231 #ATAQP2 AW B & 0y Kk & A3 & oM 4 AT
AT AQP2 mRNA ZKF- R 1 3 20 A, Horp 4t
Kol DN 511 S TN o 71 B4 3 0 B XN
AMH /K F %5 (9.0 [4.6] vs. 2.7 [2.0] ng/ml, Z =
-2.725,P = 0.006) ,"F-2 bLH A (3.2421.37 vs. 3.35+
0.66 ,U/L, t = 4.522, P = 0.048) ,hCG H FSH /K F-
f(10.21 [4.46] vs. 20.44 [4.39] ,U/L, Z = -2.725,
P =0.006) ,hCG H LH 7K ¥ 5 (2.06+1.39 vs. 0.63+
0.30 ,U/L, ¢ = 5.242, P = 0.034) , 1 4E #% . BMI,
bFSH .bPRL.bE, .bT 3K BF%k .hCCG H E, .hCG H P,
Gn o & X Bh 20y X AE Al ) i 22 AN oA Se it
FREM(FR3),

232 FREMRHI I EEH AQP2 X KFHY £
EiE =t E L AR PN PN N VIR S e A Uik e |

F2 AQPsTEMHMIHAE P I RIZKFREIHANWEERE

Table 2 Results of mRNA expression of AQPs (x +5)
Gene Average S M L Linear trend P
AQPO 12.8+1.8 12.7+2.0 13.0+2.0 12.8+1.5 0.239
AQPI 12.4+1.7 12.1+1.6 12.5+1.9 12.7+1.4 0.385
AQP2 10.5+1.6 11.0£1.3 10.5+1.8 10.1+1.4 0.004
AQP3 10.5+1.4 10.4+1.6 10.2+1.3 10.8+1.4 0.268
AQP4 14.6+1.6 14.3+1.5 14.8+1.8 14.6+1.7 0.343
AQPS 11.8+1.5 11.8+1.4 11.7+1.6 11.9+1.4 0.727
AQP6 11.8+1.4 11.4+1.4 11.7+1.6 12.2+1.0 0.019
AQP7 12.6+3.0 12.0+3.8 12.4+3.2 13.4+1.5 0.085
AQPS 12.1+1.4 11.9+1.5 12.0+1.5 12.3+1.3 0.387
AQP9 7.1£2.8 6.8+3.2 6.9+2.1 7.8£3.1 0.062
AQPI0 12.4+3.4 11.9+4.0 12.2+3.3 13.1+2.6 0.273
AQP11 8.8+1.1 8.8+1.0 8.8+1.2 8.8+1.1 0.775

AQP: aquaporin; S, small-follicle group, <13 mm; M, middle—follicle group, 13 ~ 18 mm; L, large—follicle group, >18 mm. Each sample

was normalized to reference gene, B—actin. ACT+SD was presented and trend test was performed. Bolded values are for significant differences.
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The expression of AQPs (AQPO ~ AQP11) in luteinized granulosa cells from different diameters of follicles (AQPO, 1,7, n = 18; AQP2, 5, 8, 10, n =
20; AQP3, 6,9, n = 21; AQP4, n=16; AQP11, n = 22). AQP2: n=20, F = 5.830, P = 0.017; Svs. L, t = 2.887, P = 0.009. AQP, aquaporin; S, small-folli-
cle group, < 13 mm; M, middle—follicle group, 13 ~ 18 mm; L, large—follicle group, > 18 mm. Data was analysed as 27" and presented as 27**“" relative
to S group (value = 1) in pictures. Values are mean and SEM. 1): P < 0.01.
1 AQPsTE/|v F K DR 48 B AR B9 mRNA RiA K F

Fig.1 AQPs mRNA expression in luteinized granulosa cells from different diameters of follicles
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Table 3 Baseline of patients for AQP2 testing

[x+s,n(%)]

Items Antagonist Agonist % P
No. of patient 11 9 = =
Agelyears 31.27+4.90 32.78+3.80 1.473 0.241
BMI/(kg/m®) 21.51+2.43 20.41+1.65 0.393 0.539
bFSH/(U/L) 4.91+1.37 5.93+0.94 3.244 0.088
bLH/(U/L) 3.24+1.37 3.35+0.66 4.522 0.048
bPRL/(pwU/ml.) 13.86+5.03 18.35+8.78 2.163 0.159
bE,/(pmol/L) 26.18+9.89 42.67+14.90 1.563 0.227
bT/(nmol/L) 0.32+0.09 0.31+0.07 1.447 0.245
AMH/(ng/mL) 9.0 [4.6] 2.71[2.0] -2.725 0.006
Number of oocytes retrieved 20.36+9.52 20.78+10.46 0.002 0.969
ART method 0.880 0.842

IVF 5 (45.5%) 3(33.3%)

1CSI 1(9.1%) 2 (22.2%)

PGT 5 (45.5%) 4 (44.4%)
Endocrine profile on the day hCG administration

FSH/(U/L) 10.21 [4.46] 20.44 [4.39] -2.725 0.006

LH/(U/L) 2.06+1.39 0.63+0.30 5.242 0.034

E,/(pmol/L) 4043.82+1291.68 4 402.11+990.30 0.871 0.363

P/(nmol/L) 1.18+0.34 1.34+0.46 0.356 0.558
Gonadotropin usage/U 1761.36+338.81 2 863.89+599.49 2.538 0.129

AMH and bFSH data were analysed using Mann—Whitney U test and presented with Z; ART method data were analysed using chi square test

and presented with x*. AQP: aquaporin; BMI: body mass index; b: basic; FSH: follicle—stimulating hormone; LH: luteinizing hormone; PRL:

prolactin; E,: estradiol; T: testosterone; AMH: anti-Mullerian hormone; ART: assisted reproductive technology; IVF: in vitro fertilization; 1C-

SI: intracytoplasmic sperm injection; PGT: preimplantation genetic testing; hCG: human chorionic gonadotropin. Bolded values are for significant

differences between the two groups.

JiL ) AQP2 KA K B /NI Y 5 (n = 11, ¢ =
2.233, P =0.049 6) , 1M 4 s 750 21 s B K /NDR
T PUT A5 8 25 A 0 41 B Y AQP2 ik K 22 R TE
Giit L (n=9, 1=1.808, P=0.108; K2).
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AQPs [ FRIRHEATHEAR . BLAh , AWF5E 0T F AQPs 5|
Y2 P B RCR VAL CR R ), 8 P W 0% 78
95% ~ 110% Z.[8] 1) 51 P47 qPCR AT , — 2 P B
FPRIE T SRR EEME . A S Lee HI A5 MEE
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AQP2 in large follicles is significantly higher than the small folli-
cles in Antagonist group (n = 11, ¢ =2.233, P = 0.049 6), while this dif-
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Relative expression of AQP2 mRNA
Relative expression of AQP2 mRNA

ferent was not seen in the Agonist group (n =9, ¢ = 1.808, P = 0.108).
S, small-follicle group, < 13 mm; M, middle—follicle group, 13 ~ 18

mm; L, large—follicle group, > 18 mm. Data was analysed as 27*“" and

2—AAL1

presented as relative to S group (value = 1) in pictures. Values

are mean and SEM. 1): P < 0.05
2 FEHFIEK /NP B A AE TR AQP2 RIAK TR
EREFHITEREX
Fig.2 AQP2 in GCs from antagonist group is significant-
ly different
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ZRAYHE R, AQP2 1 1 3 AL MURL A0 i 7 mRNA 7K
Tt X AT REEEIR AQP2 7E B v AR K i B e B i
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WECR K AR . Lee 5 R BUAE /N BRI 52
N AQP7 . AQP8 Fl1 AQP9 4351l % hCG Hl 3# A H AN [H]
(9 SN 5 Zou 557 HE AQP2 [ )3 Bl IX 48U B T e
# W JC 7 (estrogen—response elements, ERE) ;
Moehren %" W & 3L T AQPS I ) ERE % , #B$& 7R
AQPs [ 3R 1K 7K P32 B M 1 o sk B e
PMSG 5 hCG AR /RS , 2 BE AQP2 75 B 8 K
O 54 PSR P B SRR S DR MERCR Y B
TR o FEARPTFE T, AQP2 LA I H Y
PRI L T RE 5 I UN LI ZH DI 6L VR 114 A 3R K-
B A R,

GnRH 54T HIBES 5 M GnRH T2 255 3%
A, TR /A P A FSH R LH A4 730 ; GnRH 18
S350 DU 388 3 ol 2 A R i 2k AR SR R ol
AWM T % . FE#ER % H , hCG H Il LH
K5 GnRH B sh 7 Ir R B4 O R IE# R
L N U R A A G ] I DR 465 =) T T A 2
SR B 5 350 P R AR AR AN ] R
PR AT BB E T 1R 25 X N JUr 200 it % 7 b il % 1k 1) 14
T BEANE Y RPN A
I sh 7 2 5 & 0 AQP2 mRNA 7K 375 384 5 771 20
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filt LH 7K sh R 4L FSH KV 6 22 57, (A 285
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B SO B PR T 32 3] cAMP 2R TG B cAMP 2
TR SS A B RS2 Y T FSH RE 18 38 1 cAMP-
PKA i A2 SE Py & &, LH o ] DU i 1% 08 %
T R 41 v 2 R R R A R S TR R
(steroidogenic acute regulation protein, StAR) ff) &
K BeAh A RS R ORI T LH K5 hCG
H il LH 2 IEA S R, H i i K
FEAH KO TE K Hy b, FRATT A D AR 4 i
AQP2 [ IA AT fig 5 LI PN FSH AT LH ZKSF-AHSC
R B — 25 (RN ZE S S 50 LA IE

ARG FR A 1) TR 20 Jf Ay £ 3k 42 i 4 B )
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mRNA 76K /NG 3 ) 0k 4 i L 26k 22 5% 542 HE
YR ARG, $2 7R AQP2 7 IR I A KK K IR I i A A
TRl AR B — VR, B SRR RT AR A2 2] LH A
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