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using reaktime RT-PCR. As shown in FigRa, the levels after hCG treatment (Fig.3a). The Tfpi-1 gene was
of tissue factor MRNA reached a maximum at 6 h (56.9-expressed in both the granulosa and theca cells, with a
fold vs. that at 0 h;?<0.05) and slightly decreased at 12 gradual decrease in expression after hCG treatment (Fig.
h in the granulosa cells. The expression of tissue factor3b, left pane). However, although the granulosa cell ex-
in the theca cells increased gradually until 12 h (7.9-foldpression of Tfpi-2 showed a transient stimulation at 6 h
vs. that at 0 h). Western blot analysis revealed that the(18.8-fold vs. 0 h), the levels difpi-2 in the thecal cells
tissue factor protein had a molecular weight of 47 kDa, were greatly increased, reaching a maximum at 6 h after
probably indicating that the tissue factor protein lacked hCG treatment (236.8-fold vs. 0hP<0.05) (Fig.3b,
the cytoplasmic domain, identical to the full-length pro- right pane).
tein at the initiation of thrombin generation (Fig.2b).
The levels of tissue factor protein increased transiently,
reaching a maximum at 9 h after hCG treatment (5.3- Regulation of tissue factor and Tfpi expression by
fold vs. that at 0 h;P<0.05). Immunofluorescence ana- ovulation-inhibiting agents in vivo
lysis demonstrated that the tissue factor protein wasTo study the effect of ovulation-inhibiting agents on the
found in both the granulosa and theca cells at 12 h afterexpression of hCG-regulated tissue factoffpi-1, and
hCG treatment (Fig.2c). Interestingly, hCG treatment Tfpi-2, progesterone receptor antagonist (RU486), cyclo-
for 12 h increased tissue factor expression in the cumu-oxygenase inhibitor (indomethacin), lipoxygenase inhibi-
lus cells (Fig.2c, asterisk as well as in oocytes (Fi@c, tor (nordihydroguaiaretic acid, NDGA), or PPAR
arrowhead. No specific signal was detected in ovarianantagonist (GW9662) was administered 30 min before
sections that were treated with goat control antibodies hCG stimulation in eCG-primed immature rats. Quanti-
(anti-lgG; data not shown). tative analysis using real-time PCR revealed that, at 6 h,
Gonadotropin regulation of tissue factor pathway in- the hCG-induced mRNA levels of tissue factor were
hibitor (Tfpi) expression was also examined using real-inhibited by RU486 (68.1% inhibitionP < 0.05) but not
time RT-PCR analysis. The levels of ovariaffpi-2 the other agents (Fig4). The mRNA levelsTfpi-1 were
mRNA were stimulated, reaching a maximum at 6 h not affected by any inhibitor. Interestingly, injection with
after hCG treatment (68.7-fold increases vs. 0 h) wherea§W9662 significantly inhibited the hCG-inducedfpi-2
the levels ofTfpi-1 mMRNA gradually decreased until 12 h mMRNA levels (96% inhibition vs. hCG at 6 h).
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Fig. 2 Stimulation of tissue factor (Tf) expression by eCG/hCG in ovarian preovulatory follicles. a, The level of tissue factor mRNA was detected in
the isolated granulosa (GC) and theca (TC) cells of the preovulatory follicles using real-time PCR. Data are expressed as the mean + SEM of three
experiments. *, P < 0.05 vs. 0 h. b, Total lysates (30 ug protein/lane) extracted from the ovaries were analyzed by western blotting using anti-tissue
factor polyclonal antibody (n = 4). Molecular weight is indicated to the left and the size of the tissue factor protein is indicated to the right using
arrows. Protein loading was assessed using glyceraldehyde-3-phosphate dehydrogenase (Gapdh). ¢, Immunofluorescence analysis was performed
to determine expression of the tissue factor protein in the preovulatory follicles. Fluorescence was analyzed by confocal microscopy after staining
the samples with Alexa Flour 633 fluorescence antibodies (red color). Nuclei were stained with 4, 6-diamidino-2-phenylindole (DAPI). Data are
representative of four independently performed experiments. Arrowhead, Oocyte; asterisk, cumulus cells; arrow, theca cells; POF, preovulatory
follicle; GC, granulosa cells; TC, theca cells. Scale bar, 200 ym
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Fig. 7 Tissue factor (TF) levels in the human ovarian follicular fluid of women undergoing the IVF procedure. Follicular fluids were collected from
80 women undergoing IVF. Levels of tissue factor were determined using ELISA. a, Correlation with age. Pearson correlation analysis was
performed to evaluate the association between tissue factor levels and the patient’s age. b, Correlation with pregnancy. The data were analyzed
by Mann Whitney U test. ¢, Correlation with OHSS. d, Correlation with infertile patients. Control group included patients with infertility due to
male (n=22) or tubal factors (n=27). The data were analyzed by F- test. The scatter plot with bars represents the mean values of tissue factor
levels. Numbers in parenthesis indicate the number of samples used. OHSS, Ovarian hyperstimulation syndrome; PCOS, polycystic ovary syndrome

It is likely that tissue factor produced by the granulosa coagulation process, exerts a role in angiogenesis in the
cells is the major coagulation factor during follicular tumor [34], possibly via release of VEGRY]. Because
rupture. The ovulatory surge of LH progressively triggersthe corpus luteum secrets progesterone to maintain
an elevation in ovarian blood flow and vascular perme-intrauterine pregnancy 36|, the present observation of
ability followed by ovarian hyperemia, edema, and ex-correlation between levels of tissue factor and pregnancy
travasation of blood in preovulatory follicles, ultimately may reflect a role of tissue factor in the function of cor-
resulting in the rupture of the follicular wall 1]. Tissue pus luteum by stimulating angiogenesis via VEGF.
factor was produced 912 h after LH/hCG administra- Tissue factor could be used as a marker for OHSS.
tion, indicating that tissue damage during follicular rup- Several mediators involved in ovulation have been pro-
ture may trigger the expression of tissue factor.posed as factors leading to OHSS such as estrogens, his-
Follicular rupture occurs about 12 h after the LH surge tamine, prostaglandins, cytokines2f] and the renin-
in rodents. Tissue factor may play a role in repairing the angiotensin B7]. Vascular endothelial growth factor
damaged follicular wall via formation of a fibrin clot (VEGF) has also been implicated as a prime causative
after the release of the oocyte into the oviduct. Thefactor of OHSS progression. Levels of VEGF in serum
present observation, in which the tissue factor gene is and follicular fluid may predict the occurrence, severity,
downstream gene for the progesterone receptor, sup-and progression of OHSS2B, 38]. In our study, an in-
ports the hypothesis that tissue factor may be the majorcrease in the ovarian expression begfwas observed in
ovarian coagulation factor during periovulatory tissue re- the OHSS-induced rats. Using this OHSS model, a de-
modeling. Studies on the targeted deletion of the proges-crease in the ovarian expression of tissue factor was ob-
terone receptor gene in mice indicate that the served in OHSS-induced rats, suggesting that tissue
progesterone receptor is specifically and absolutely refactor may be one of the indicators for the occurrence of
quired for the rupture of the preovulatory follicle and OHSS. Changes in the hemostatic system have been re-
oocyte releasedl]. Tissue factor was also expressed inported to be responsible for an increased thrombotic risk
the cumulus cells and oocytes. The fact that the pres-in patients with OHSS 20].
ence of blood clots in the human cumulus-oocyte com- Although the tissue factor levels were correlated with
plex was associated with reduced oocyte quality andOHSS in rats, we could not observe the correlation be-
blastocyst formation 15 indicates that tissue factor tween tissue factor levels in follicular fluid and OHSS
expressed in the cumulus cells and oocytes may be repatients undergoing in vitro fertilization (IVF). However,
quired for post-fertilization development. an increase in tissue factor levels in the plasma has been

Tissue factor may stimulate angiogenesis in the corpuseported in patients with severe OHSS§]. These dif-
luteum by inducing VEGF expression. The developmentferent outcomes may be attributed to the difference in
of the corpus luteum is accompanied by rapid angiogen-samples, follicular fluid vs. plasma. The concentration of
esis with the comparable rates of vascular formation inthe tissue factor protein in human follicular fluid has
the growing tumors B2. VEGF is the most remarkable been estimated to be 3.7-fold higher than that in the
regulator of angiogenesis in the corpus luteur8Z, 33]. plasma B9]. In mammalian ovarian follicular fluid, only
Of note, tissue factor, apart from its essential role in thethe tissue factor-dependent extrinsic pathway is present
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[8]; most tissue factors in follicular fluid must be gener- finding that TFPI-2 expression was suppressed by a
ated locally by the granulosa cells of preovulatory folli- PPAR/ antagonist supports this hypothesis.
cles B9]. Additionally, it must be noted that the samples
of human follicular fluid were obtained from women Conclusions
undergoing massive hCG stimulation during IVF. There- In summary, we have shown that tissue factor and TFPI-
fore, depending on the measurement of tissue factor2 are induced in preovulatory follicles during the ovula-
levels in plasma or follicular fluid, different outcomes tory process in rat ovaries and provide compelling evi-
between OHSS and non-OHSS patients might be pro-dence that tissue factor system can regulate the
duced. Decreased TFPI-1 levels have been reported iovulatory process via progesterone receptor and PRAR
the plasma, but not the follicular fluid, of patients with pathways. In addition, the levels of tissue factor are
OHSS [19]. Further studies are needed to confirm the higher in ovaries of OHSS-induced rats supporting the
possible use of tissue factor as a biomarker for OHSShypothesis that tissue factor can be used as a biomarker
using a large number of samples. for OHSS. The concentration of tissue factor in the fol-

The lower levels of tissue factor in the follicular fluid licular fluids was correlated with pregnancy of patients,
collected at oocyte retrieval was observed in infertilebut not with OHSS, undergoing IVF. Further investiga-
women who became pregnant compared with those whotion is needed on a large number of patients with infer-
did not become pregnant, suggesting the possible use diility to determine the possible role of tissue factor as a
tissue factor as a pregnancy index. Pregnancy itself leadsarker for OHSS and pregnancy.
to a hypercoagulable state secondary to increased con-
centrations of coagulant factorslf]. Indeed, the expres- Supplementary Information
sion of coagulation factors, including antithrombin and The online version contains supplementary material available at https://doi.
_ 2 . L L 0rg/10.1186/512958-021-00708-1.
fibrinogen, is significantly decreased in the chorionic villi
of patients with recurrent spontaneous abortiord]. It is
thus likely that coagulation factors play a role in main-
taining a normal pregnancy. Tissue factor expression in, ..
neutrophils contributes to pregnancy loss induced by ecG: Equine chorionic gonadotropin; hCG: ELISA, enzyme-linked immuno-
antiphospho"pid antibodies in mice][G]_ However, con- sorbent assay; human chorionic gonadotropin; IVF: in vitro fertilization;
centrations of tissue factor or TFPI-1 in the plasma of “ uteining hormone; OHSS: ovarian hyperstimulation syndrome;

. i . gPCR: real-time quantitative polymerase chain reaction; TFPI: tissue factor
patients with OHSS are not correlated with the out- pathway inhibitor; VEGF: vascular endothelial growth factor
comes of pregnancyZ6]. The present hypothesis of the
. . ; Acknowledgements
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