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KEY MESSAGE

Serum and follicular fluid LIF concentrations were found to be lower in PCOS women compared with non-
PCOS controls, suggesting that reduced LIF concentrations could be related to the disordered folliculogenesis
seen in PCOS patients. LIF concentrations in embryo culture medium may be useful to predict pregnancy outcome
following IVF.

ABSTRACT

Polycystic ovary syndrome (PCOS] is characterized by hyperandrogenism, ovarian dysfunction and polycystic ovarian morphology. Leukaemia inhibi-
tory factor (LIF) affects many reproductive activities, including follicular development, embryo implantation and growth. The aim of this study was to
evaluate LIF concentrations in serum and follicular fluid of women with PCOS and controls who underwent IVF with embryo transfer (IVF-ET). Serum
and follicular fluid LIF concentrations were lower in women with PCOS compared with controls. Oestradiol concentrations in follicular fluid were higher
in PCOS subjects compared with controls. LIF concentrations in serum (r = 0.6263, P < 0.05) and follicular fluid (r = 0.7093, P < 0.05) were negatively
correlated with oestradiol concentration in the PCOS group. LIF concentrations in follicular fluid showed no difference between women who conceived
and women who did not in both PCOS and control groups. However, LIF concentrations in embryo culture medium were higher in women who con-
ceived following IVF compared with women who did not, in combined PCOS and control groups. The findings indicate that low LIF concentrations in
serum and follicular fluid may contribute to disordered folliculogenesis in PCOS. LIF concentrations in embryo culture medium may predict the outcome
of IVF treatment.
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Introduction

Polycystic ovary syndrome (PCOS] is a heterogeneous condition char-
acterized by hyperandrogenism, ovarian dysfunction and polycystic
ovarian morphology (Lebkowska et al., 2016). It is the most common
hormonal disorder in young women, estimated to affect 5.0-13.9%
of women during their reproductive years (Melo et al., 2010; Yu and
Wang, 2016). The aetiology of PCOS is multifactorial and involves
endocrine and metabolic components, as well as imbalance of local
ovarian regulatory factors. The pathologic changes in PCOS are
characterized by hyperandrogenism and endocrine disorders due to
ovulatory dysfunction, which is one cause of female infertility. PCOS
is not only a reproductive disorder, but also a syndrome with meta-
bolic consequences that could affect a woman'’s health during different
stages of reproductive and post-reproductive life (Dunaif and Fauser,
2013; Orio and Palomba, 2014). The prevalence of PCOS is related
to both genetic and environmental factors (Crosignani and Nicolosi,
2001). However, the pathogenesis of PCOS has not been fully
elucidated.

It has been demonstrated that PCOS is related to local regula-
tory factors (Sahin et al., 2014). Leukaemia inhibitory factor (LIF) is
a local regulatory factor in the ovary (Hsieh et al., 2005; Ozornek et al.,
1999]) belonging to the interleukin (IL)-6 family, and is a highly
glycosylated, secreted protein composed of 180 amino acid resi-
dues. It has different biological activities in different tissues and cells.
LIF can regulate the growth and differentiation of many kinds of cells,
including embryonic stem cells, archaeocytes, liver cells and endo-
thelial cells (Salleh and Giribabu, 2014). In recent years, it has been
reported that LIF may affect reproductive processes including fol-
licle growth, embryo growth and differentiation (Aghajanova, 2010;
Dozio et al., 2009). Previous studies have demonstrated that LIF con-
centrations in the follicular fluid increase before ovulation, and that
there is a positive correlation between LIF concentrations and quality
of oocytes (Lédée-Bataille et al., 2001; Paiva et al., 2009). However,
the concentrations of LIF in the serum of PCOS patients, and whether
LIF can act as a biomarker for predicting the outcomes of IVF with
embryo transfer (IVF-ET), remain unknown.

In the present study, the concentrations of LIF and oestradiol were
examined in women with PCOS and controls, and the relationship
between LIF and oestradiol concentrations in serum and follicular fluid
was explored, with the aim of further investigating the pathogen-
esis of PCOS-related infertility. The correlation of LIF concentrations
in embryo culture medium with IVF-ET outcomes was also investi-
gated to evaluate the potential of LIF as a biomarker for predicting
clinical pregnancy.

Materials and methods
Subjects

A total of 94 patients who underwent IVF-ET between August
2016 and January 2017 in the Centre for Reproductive Medicine,
Shandong Provincial Hospital Affiliated to Shandong University,
were recruited for this study. Forty women with PCOS and 40 weight-
matched control subjects participated in the study because 14 patients
were lost to follow-up. Diagnosis of PCOS was carried out
according to the revised Rotterdam consensus (Rotterdam

ESHRE/ASRM-Sponsored PCOS consensus workshop group, 2004).
The women with PCOS were diagnosed based on olio-amenorrhoea
and hyperandrogenaemia after excluding non-classic congenital
adrenal hyperplasia, Cushing’s syndrome, hyperprolactinaemia and
thyroid disease. Polycystic ovaries were verified by ultrasound in all
subjects with PCOS. The control group consisted of women who had
regular menstrual cycles (28 + 2 days, blood progesterone concen-
trations measured between the 18th and 21st days of the menstrual
cycle, >10 ng/ml in two consecutive cycles) without clinical or bio-
chemical hyperandrogenism or polycystic ovary and with no history
of any drug intake for at least 3 months. Women in the control
group had either Fallopian tube obstruction, or normal reproduc-
tive health but an infertile male partner. Sex hormone concentrations
and routine biochemical examinations of control subjects were normal,
and patients had no history of genitourinary diseases, or severe
cardiovascular, liver or kidney disease. Additional exclusion criteria
for both groups were smoking and alcohol consumption. All pa-
tients in the PCOS and control groups underwent IVF-ET. The data
for all subjects were obtained from clinical and pathologic records
including age and history of menstruation. Routine measurements
of body weight and height, hair growth and distribution were re-
corded. All subjects provided written informed consent in accordance
with Institutional Review Board guidelines for the protection of human
subjects. The study received ethical approval from the Institutional
Review Board on é January 2017 (reference number 16).

Ovarian stimulation and follicular fluid and embryo culture
supernatant collection

All patients were stimulated by the long protocol. Ovarian follicular
development was stimulated with recombinant human FSH (Merck
Serono, Switzerland) at doses of 225-450 |U/day. Ovulation was trig-
gered by human chorionic gonadotrophin (HCG 4000-10000 1U] (Livzon
Pharmaceutical, China) when at least two follicles were 18 mm and
half of the remainder were >15 mm. Oocytes were recovered
transvaginally under ultrasound guidance approximately 34.5 h later.
ALl monitoring of controlled ovarian hyperstimulation (COH) as well
as egg retrievals and embryo transfers were performed by one of
five physicians. Follicular fluid was preserved at oocyte retrieval, by
collecting the liquid aspirated from the follicle into the suction tube,
to avoid contamination by blood. Follicular fluid samples from each
follicle were pooled for each patient for measurement of LIF con-
centrations. Pooled follicular fluid was centrifuged at 1500g for
10 min and the supernatant was stored at -20°C.

Collected oocytes were cultured in a four-well multi-dish with
600 ml of culture medium added with serum substitute supple-
ment. Each well contained from one to four oocytes. An IVF technique
was used for insemination. Oocyte fertilization was observed 16-
18 h after insemination under an inverted microscope. Fertilized
eggs were cultured to blastocysts. The same culture methodology
and media were used for embryos in both groups. All embryo trans-
fers were performed using a Wallace catheter under direct ultrasound
guidance 120 h after egg retrieval. Embryos were cultured individu-
ally and LIF concentration in culture medium was only measured
for the embryos that were transferred when comparing pregnant
and non-pregnant groups. The original droplets of embryo
culture supernatants collected for each embryo were centrifuged at
1000g for 10 min and stored at -20°C, then were tested for LIF
concentration.
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LIF and hormone assays

Venous blood (2 ml) was collected on the third day of the menstrual
cycle after fasting. If subjects had oligomenorrhoea or amenorrhoea,
fasting venous blood could be collected at any time. Serum, follicu-
lar fluid and embryo culture supernatant LIF concentrations were
measured by enzyme-linked immunosorbent assay (R and D Systems,
USA). Both inter-assay and intra-assay coefficients of variation for
LIF assays were less than 10%. The lower limit of detection for LIF
was 8 pg/ml. The concentrations of serum oestradiol, FSH, LH, pro-
gesterone, testosterone and prolactin (PRL), and follicular fluid
oestradiol and progesterone, were measured by chemilumines-
cence (Roche, Switzerland). The lower limit of detection for oestradiol,
FSH, LH, progesterone, testosterone and PRL were 18.4 pmol/(, 0.1 U/
L, 0.1 1U/L, 0.095 nmol/L, 0.087 nmol/l and 0.996 mIU/L, respectively.

Luteal support and judgement of pregnancy outcome

After fertilization, progesterone (Abbott, the Netherlands) was ad-
ministered by intramuscular injection at a dose of 60 mg per day and
continued for 14 days for corpus luteum support. If pregnancy was
confirmed, progesterone administration was continued until the 10th
week of pregnancy. Biochemical pregnancy was defined as blood HCG
>10 IU/L on the 14th day of transplantation. Clinical pregnancy was
confirmed with ultrasound examination of the number of gesta-
tional sacs and fetal heartbeat on approximately the é4th day after
embryo transfer.

Statistical analysis

The data were expressed as mean * standard deviation (SD). The data
between two samples were compared by Mann-Whitney U-test, and
the counting and grading data were analysed by chi-squared test. The
relationship between the parameters was analysed by Pearson cor-
relation analysis. All calculated P-values were two-sided, and P < 0.05
was used to determine statistical significance. Statistical analyses were
performed using GraphPad Prism software (GraphPad Software, USA)
and SPSS 18.0 software (SPSS Inc., Chicago, IL, USA).

Results
Patient characteristics

The average age in the PCOS group was 28.37 + 3.67 years (range:
20-37 years), and 30.17 £ 4.24 years (range: 25-41 years) in the control
group. There was no significant difference in age between the two
groups. The PCOS group included 20 cases of oligomenorrhoea (50%),
six cases of amenorrhoea (15%), 35 cases of irregular menstruation
(87.5%), nine cases of hirsutism (pubic hair) (22.5%), 10 cases of acne
(25%), 20 cases of primary infertility (50%) and 20 cases of second-
ary infertility (50%). The subjects in the control group had normal
menstrual cycles and no evidence of hirsutism or acne, but there were
10 cases of primary infertility (25%) and 30 cases of secondary in-
fertility (75%). In the control group, there were 29 patients with
infertility due to Fallopian tube obstruction (72.5%), while the re-
maining women were normal and the infertility was caused by male
factors (11 cases, 27.5%) (Table 1).

Table 1 - Clinical-pathological characteristics of PCOS and
control subjects.

PCOS [n = 40) Control (n = 40)

Age [years) 28.37 £3.67 30.17 + 4.24
Body mass index (kg/m?) 26.72 +3.04 25.15+2.25
Oligomenorrhoea 20 (50%) 0
Amenorrhoea 6 (15%) 0
Irregular menstruation 35 (87.5%) 0
Hirsutism 9 (22.5%) 0

Acne 10 (25%) 0

Primary infertility 20 (50%) 10 (25%)
Secondary infertility 20 (50%) 30 (75%)
Fallopian tube obstruction 0 29 (72.5%)
Male factor 0 11 (27.5%)

Values are expressed as mean + SD or number (%).
PCOS = polycystic ovary syndrome.

Table 2 - Sex hormone and LIF concentrations in PCOS and
control subjects.

PCOS Control P-value

Oestradiol (pmol/U) 149.04 £ 61.91 138.25 £ 79.35 NS

LH (IU/U 12.87 £7.82 7.59 £ 4.47 0.031
FSH (IU/1) 5.82£1.33 7.12+0.75 NS
LH/FSH 1.78 £ 1.01 1.82+1.27 NS
Progesterone (nmol/l) 2.19+0.86 2.07+0.58 NS
Testosterone (nmol/l) 1.38 £0.71 0.71£0.31 0.014
PRL (mIU/U) 367.39 £ 184.86 292.56 +112.78 NS

LIF (pg/ml) 44.27 + 5.57 74.85 + 2.44 0.0231

Values are expressed as mean + SD or number (%).
LIF = leukaemia inhibitory factor; PCOS = polycystic ovary syndrome; PRL
= prolactin.

Serum concentrations of LH, testosterone, FSH, oestradiol,
PRL and LIF

Serum concentrations of LH and testosterone were significantly el-
evated in women with PCOS compared with control subjects (P <0.05).
The serum LH concentrations in the PCOS patients were 12.87 +
7.82 1U/L and higher than those in the control group (7.59 + 4.47 1U/
1) (P <0.05). The serum testosterone concentrations in the PCOS group
(1.38 £ 0.71 nmol/l) were higher than those in the control group (0.71
+ 0.31 nmol/l; P < 0.05; Table 2). Moreover, the concentrations of
serum LIF in the PCOS group (44.27 £ 5.57 pg/ml) were lower than
those in the control group (74.85 + 2.44 pg/ml; P <0.05; Figure 1A).
There were no significant differences in the serum concentrations of
FSH, oestradiol and PRL between the PCOS and control groups
(Table 2).

Correlation between serum LIF and other serum hormone
concentrations in PCOS patients

In the PCOS group, serum LIF concentrations were negatively cor-
related with oestradiol concentrations (Figure 2A). However, there
were no significant correlations between serum LIF concentrations
and LH/FSH ratio (Figure 2B), testosterone concentrations (Figure 2C)
and progesterone (Figure 2D). In the control subjects, serum LIF con-
centrations were not correlated with serum concentrations of
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Figure 1 - Leukaemia inhibitory factor (LIF) measured in serum (A) and

subjects (*P < 0.05).

follicular fluid (B) of polycystic ovary syndrome (PCOS) and control

oestradiol, progesterone and testosterone, and LH/FSH ratio (data
not shown).

Concentrations of LIF and oestradiol, progesterone in
follicular fluid and the correlations between LIF and
oestradiol, progesterone in follicular fluid

The LIF concentrations in the follicular fluid in the PCOS group (16.08
+4.17 pg/ml; Table 3) were lower than those in the control group (25.07
+ 9.2 pg/ml; P < 0.05; Figure 1B). In the PCOS group, the LIF con-
centrations in follicular fluid were negatively correlated with oestradiol
concentrations (Figure 3A). However, there was no significant
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correlation between follicular fluid progesterone concentrations and
LIF concentrations (Figure 3B).

LIF concentrations in follicular fluid and embryo culture
medium from subjects with different pregnancy outcomes

The clinical pregnancy rate in the PCOS group was 22.5%, which was
significantly lower than that in the control group (52.5%). In both the
PCOS and control groups, the LIF concentrations in the follicular fluid
of women who conceived consequent to the treatment were not sig-
nificantly different to those in women who did not (Figure 4A and B).
The LIF concentrations in embryo culture medium from women who
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Figure 2 - Correlation between LIF expression and serum hormone concentrations in PCOS patients. (A) Inverse correlation between LIF
expression and oestradiol concentrations. (B, C, D) No correlation between LIF expression and LH/FSH ratio, testosterone and

progesterone concentrations.
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Table 3 - Sex hormone and LIF concentrations in follicular fluid

between PCOS and control subjects.

PCOS Control
Oestradiol (x10% pmol/l) 23.74 £ 414 19.22 +5.17
Progesterone (x10* nmol/l) 11.26 +4.39 10.78 + 3.4
LIF (pg/ml) 16.08 £ 4.17° 25.07£9.2

@ Significantly different to the control group, P < 0.05.
Values are expressed as mean * SD or number (%).
LIF = leukaemia inhibitory factor; PCOS = polycystic ovary syndrome.
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conceived consequent to the treatment were significantly higher than
those from women who did not in the combined PCOS and control
groups (P < 0.05; Figure 4C). To evaluate the potential of LIF con-
centrations in the embryo culture medium for predicting clinical
pregnancy, receiver operating characteristic (ROC) curves were plotted,
and the area under the curve (AUC) values were determined with the
highest specificity and sensitivity set as the optimal prediction point
(Figure 4D). Optimal prediction point, sensitivities, specificities and
AUC values were 35.79 pg/ml, 82.6%, 72.4% and 0.762 (95% confi-
dence interval [CI]: 0.632-0.891), respectively. The present results
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(*P < 0.05). (D) ROC curve analysis to assess the predictive powers of clinical pregnancy.
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indicate that the LIF concentration in embryo culture medium could
be used as a predictor for IVF-ET outcomes.

Discussion

PCOS is the most common endocrine disorder in women of repro-
ductive age and is the main cause of non-ovulatory infertility. Data
clearly show that the LIF concentrations in serum and follicular fluid
were decreased in PCOS patients compared with control women
without PCOS, and its concentrations were negatively correlated with
oestradiol concentrations. Low LIF concentrations in the serum and
follicular fluid of PCOS patients may be an important factor for
folliculogenesis disorder.

LIF is a secretory glycoprotein, which is a member of the IL-6
family. Since 1988, researchers have confirmed that LIF can inhibit
the differentiation and maintain the proliferation of embryonic stem
cells. It has been demonstrated that LIF affects all aspects of repro-
ductive activities including follicular development, embryo implantation,
growth, development and differentiation, among others. LIF has been
found to be associated with infertility, recurrent abortion and other
diseases (Aghajanova, 2010).

This study found that LIF concentrations were lower in the serum
of PCOS patients compared with the controls and were negatively as-
sociated with oestradiol concentrations. Presumably the mechanism by
which oestradiol mediates LIF expression is disrupted in PCOS pa-
tients (Laszlo and Nathanson, 2003). Sawai et al. (1997) reported that
oestradiol can stimulate LIF secretion, and the increased concentra-
tions of LIF are consistent with the increased oestradiol in a dose-
dependent manner (Aloisi et al., 1994; Elias et al., 1994). Oestradiol
mediates its actions via protein kinase C, which catalyses serine phos-
phorylation of target proteins. The secretion of LIF mediated by oestradiol
is blocked by H7, a PKC inhibitor, and genistein, indicating that the
oestradiol-mediated LIF transduction pathway is regulated by PKC ac-
tivity. LIF is also derived from the macrophages and granulosa cells in
follicular fluid. Follicular fluid provides the microenvironment for oocyte
maturation and contains growth factors and cytokines that regulate the
growth and development of oocytes. Follicular fluid from PCOS pa-
tients can affect the function of granulosa cells and follicular cells. Haidari
et al. (2008) found that LIF alone or in combination with a co-culture
system increases the growth of cultured mouse pre-antral follicles;
however, LIF had no effect on the maturation rates of the mouse fol-
licle. The abnormal effects of steroid hormones on the function of
granulocytes are complex, and they may have a certain impact on LIF
production. De Matos and other researchers have confirmed that the
recombinant FSH and LIF can significantly improve the quality of mouse
oocytes, the cleavage rate of embryos, blastocyst formation rate and
delivery rate in mice (De Matos et al., 2008).

In this study, the causes of infertility in the control group were
tubal obstruction and male factor, and patients had normal hormone
concentrations. LIF was detected in the follicular fluid of PCOS and
control patients, suggesting that LIF is produced locally in the ovary
and plays a role in autocrine and/or paracrine secretion to promote
the development and maturation of oocytes. LIF concentrations were
lower in both serum and follicular fluid compared with the controls
and in PCOS patients were negatively associated with oestradiol con-
centrations, indicating that abnormal LIF concentrations may be one
of the reasons for ovarian dysfunction in PCOS patients.

The ability to select the most competent embryos for transfer is
essential to the success of assisted reproductive technologies. Because

LIF can significantly improve the quality of mouse oocytes, the cleav-
age rate of embryos, blastocyst formation rate and delivery rate in
mice, the concentrations of LIF in the follicular fluid and embryo culture
medium were tested from women who conceived consequent to the
treatment and women who did not. It was found that the concentra-
tions of follicular fluid LIF were not statistically significantly different
in the women who conceived consequent to the treatment com-
pared with women who did not in the PCOS and control groups;
however, the LIF concentrations in embryo culture medium were
higher in the women who conceived consequent to the treatment than
in the women who did not in the combined PCOS and control groups,
indicating that the concentrations of LIF in embryo culture medium
may predict IVF-ET outcomes.

This study had some limitations worth noting. First, blood samples
were not taken during ovarian stimulation. This is important because
the use of ovulation-inducing agents may affect serum LIF concen-
trations. Second, LIF concentrations were analysed in the pooled
follicular fluid rather than in the follicular fluid derived from the domi-
nant follicle, and this may not have accurately reflected the dynamic
changes in LIF concentrations that occur during follicle develop-
ment. In future studies, it is intended to collect serum samples
throughout the process of ovarian stimulation as well as to ad-
equately sample the dominant follicle, in order to further confirm the
role of LIF in the pathogenesis of PCOS.

In conclusion, the LIF concentrations in serum and follicular fluid
are decreased in the PCOS patients compared with infertile con-
trols without PCOS, and negatively correlated with oestradiol
concentrations. This may be one of the reasons for ovarian dysfunc-
tion in PCOS patients. This evidence may help to clarify the aetiology
of PCOS and seek new treatments for PCOS patients. Meanwhile, LIF
concentrations in embryo culture medium may act as a non-invasive
biomarker for predicting IVF-ET outcomes. However, the results in
this study should be validated in a large sample in the future.
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