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ABSTRACT

OBJECTIVE: This study measured serum and follicular fluid (FF) levels of biopterin, neopterin, vascular endothelial growth factor (VEGF), and
macrophage colony-stimulating factor (M-CSF) in patients receiving mild ovarian stimulation for oocyte retrieval.

PATIENTS AND METHODS: Infertile patients who underwent ovarian stimulation were divided into the following: Group 1, no oocyte retrieval
(n=12), and Group 2, retrieval of more than four oocytes (» = 13). Median total gonadotropin dose in both groups was 150 IU. Biopterin and neopterin

levels were measured using high-performance liquid chromatography. VEGF and M-CSF levels were measured by enzyme-linked immunosorbent assay.

RESULTS: Compared to Group 2, serum and FF levels of neopterin and VEGF and serum levels of M-CSF were significantly increased, and serum and

FF levels of biopterin were significantly decreased in Group 1 (P < 0.05 each).

CONCLUSION: Biopterin and neopterin levels showed similar differences in FF and serum of patients with empty follicles. Decreased biopterin and

increased neopterin in serum could predict poor oocyte retrieval.
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Introduction
Ovarian folliculogenesis has been shown to be supported
by nitric oxide (NO) production and vascular endothelial
growth factor (VEGF).! NO is synthesized from L-arginine
by NO synthase (NOS) and plays a pivotal role in follicular
angiogenesis.? This process is thought to be initiated by VEGF
signaling.? Elevated VEGF levels in follicular fluid (FF) at the
time of oocyte retrieval are reportedly associated with poor
conception rates after in vitro fertilization (IVF) and gamete
intrafallopian transfer.* Similarly, levels of VEGF and NO
in FF have been shown to correlate negatively with embryo
quality as judged by morphology scoring from in vitro culture.’
NOS activity depends on the availability of cofactors
such as tetrahydrobiopterin (BH,).® Biosynthesis of BH,
starts from guanosine triphosphate (GTP), which is con-
verted to 7,8-dihydroneopterin and then further converted
to BH, in the presence of 6-pyruvoyl tetrahydropterin
synthase (PTPS). BH, also serves as an essential cofac-
tor for the hydroxylation of aromatic amino acids. In this
process, BH, is converted to dihydrobiopterin (BH,).
Furthermore, BH, is reduced to BH, by dihydropteridine
reductase. BH, and BH, are oxidized to biopterin and
7,8-dihydroneopterin is oxidized to neopterin, and these

forms are detectable due to their fluorescence,”® although
their roles in FF have not yet been investigated.

The aim of this study was to assess the concentrations
of biopterin, neopterin, VEGF, and macrophage colony-
stimulating factor (M-CSF) in the serum and FF of women
attempting to become pregnant with IVFE using the low-
gonadotropin (mild stimulation) method.

Material and Methods

Between May and September 2013, a total of 147 infertile
patients were treated with mild ovarian stimulation at Fujino
Ladies Clinic, which has since changed its name to Nakamura
Ladies Clinic.>!° Indications for IVF included tubal occlu-
sion (# = 3), endometriosis (z = 2), male factor (z = 2), and
unexplained infertility (n = 18). Of these patients, those with
an empty follicle were allocated to Group 1 (z = 13), while
those from whom more than four oocytes (4—12 oocytes) were
retrieved were allocated to Group 2 (n=12).

For eachindividual from whom FF samples were available,
only FF from a single cycle was analyzed. Records of all IVF
procedures were reviewed to collect the following data: age,
body mass index, duration of infertility, serum estradiol

(E2) and luteinizing hormone (LH) (48 hours before oocyte
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retrieval), and total dose of gonadotropin. We punctured the
follicle using a single-puncture method. Induction of ovula-
tion was monitored by transvaginal sonography with a 5-MHz
transvaginal probe. The dose of gonadotropin for stimulation
was then adjusted according to serum E2 concentrations and
the size of ovarian follicles as evaluated by ultrasonogra-
phy. Clomifene citrate was administered on day 5 after the
start of menstruation, and recombinant human menopausal
gonadotropins (150-300 IU/day, Gonapure®, ASKA Phar-
maceutical Co., Ltd.) or human menopausal gonadotropins
(150-300 1U/day, HMG Ferring®; Ferring Pharmaceuticals
or HMG Teizo®; ASKA Pharmaceutical Co., Ltd.) were also
administered while monitoring ovarian follicles. FF of mature
follicles (diameter >18 mm) was aspirated by the adminis-
tration of gonadotropin-releasing hormone (GnRH)-ago-
nist (Suprecur®; Sanofi) at 36 hours before oocyte retrieval.
GnRH-agonist (Suprecur®) was administered as nasal drops
(one drop per nostril). Follicle aspirates that were not clear
or were contaminated with blood were excluded. All samples
were immediately centrifuged at 400 x g for 10 minutes, and
the supernatant was stored frozen at —=70°C until assay. Col-
lection of blood samples was performed by 48 hours before
oocyte retrieval. Qocytes were cultured in Petri dishes in
IVF20® (Vitrolife) at 37°C in a humidified 5% CO,/95% air
environment. All patients provided written informed consent
to participate in this study prior to enrollment. The research
was approved by the ethics committee of Fujino Ladies Clinic,
and conducted in accordance with the principles of the Dec-
laration of Helsinki.

Determination of biopterin and neopterin concentrations
was performed using high-performance liquid chromatogra-
phy with fluorimetric detection.!>!2 In brief, 10 uL of 30% w/v
trichloroacetic acid solution was added to 100 puL of serum
and FF, and this mixture was centrifuged. A 10-uL volume
of the mixture was kept at room temperature for 60 minutes.
Excess iodine in the solution was removed by adding 15 pL of
1% aqueous ascorbic acid. Biopterin and neopterin concentra-
tions in the supernatant were then measured.

Serum and FF concentrations of VEGF were measured
using enzyme-linked immunosorbent assay (ELISA; Quan-
tikine Human VEGF Immunoassay; R&D Systems). This
VEGF immunoassay is a solid-phase ELISA designed to
measure the levels of VEGF-165 and contains Sf21-expressed,
recombinant human VEGF-165 and antibodies raised against
the recombinant protein. VEGF-121 and VEGF-165 are dif-
fusible proteins secreted into the medium.!

M-CSF levels in serum and FF were measured using
solid-phase  ELISA (Quantikine M-CSF Immunoassay;
R&D Systems). This assay uses the quantitative sandwich
enzyme immunoassay technique.

E2 and LH concentrations in serum were measured
by time-resolved fluoroimmunoassay (DELFIA hormone
assay; PerkinElmer) and radioimmunoassay (DPC Immulite;
Siemens Japan), respectively.

Table 1. Patient characteristics in this study (median, range).

GROUP 1 GROUP 2 P
(n=12) (n=13)
Age (years) 40 (30-44) 39 (33-43) NS
Body mass index 18.7 18.6 NS
(kg/m?) (17.7-23.3) (17.7-25.6)
Duration of infertility 48 (36—204) 72 (30-132) NS
(months)

Estradiol (pg/ml) 450 (193-660) 915 (463-3000) <0.001

LH (pg/ml) 7.9(3.1-19.9) 6.6 (4.4-13.2) NS
Total gonadotropin 150 (50-450) 150 (0-450) NS
dose (IU)

Notes: Serum estradiol and LH were measured 48 hours before oocyte
retrieval. Group 1: unsuccessful oocyte retrieval. Group 2: retrieval of more
than four oocytes.

Abbreviation: NS, not significant.

Statistical analysis. Statistical analysis was performed
using SPSS version 20 software (IBM). Paired comparisons
were analyzed using the unpaired Mann-Whitney U-test.
Differences were analyzed according to the y? test. Values of
P < 0.05 were considered statistically significant, and all data
were expressed as median and range.

Results
Patient characteristics are shown in Table 1. Regarding the
reasons for infertility, no difference was seen between the
groups (Table 2). Serum levels of E2 were significantly higher
in Group 1 than in Group 2. The median number of oocytes
retrieved was 5 (range, 4-12) in Group 2. Our success rate for
egg retrieval (more than one egg) was 91.8% (135/147 cases).
Serum and follicular concentrations in each group are
shown in Figures 1-5. Biopterin levels from both serum and FF
were significantly higher in Group 2 than in Group 1 (P=0.002
in serum; P = 0.035 in FF). Conversely, neopterin and VEGF
levels from both serum and FF and M-CSF levels from serum
were significantly higher in Group 1 than in Group 2 (neopterin:
P < 0.001 in serum and P=0.005 in follicle; VEGF: P=0.005
in serum and P =0.035 in follicle; M-CSE: P=0.007).
Neopterin/biopterin ratio in serum and FF was sig-
nificantly higher in Group 1 than in Group 2 (P < 0.001 in
serum; P=0.005 in FF).

Table 2. Reasons for infertility in both groups.

GROUP 1 GROUP 2 TOTAL
(n=12) (n=13)

Tubal occlusion 2 1

Endometriosis 1 1

Male factor 1 1

Unexplained infertility 8 10 18

Notes: Group 1: unsuccessful oocyte retrieval. Group 2: retrieval of more than
four oocytes.
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Figure 1. Serum (A) and FF (B) biopterin levels in each group. Median (black bars), interquartile range (IQR; boxes), and values within 1.5 IQR (whiskers)
are shown.
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Figure 2. Serum (A) and FF (B) neopterin levels in each group. Median (black bars), IQR (boxes), values within 1.5 IQR (whiskers), and values exceeding
3.0 IQR (asterisks) are shown.
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Figure 3. Serum (A) and FF (B) neopterin/biopterin ratio in each group. Median (black bars), IQR (boxes), values within 1.5 IQR (whiskers), and values
exceeding 1.5 IQR (circles) and 3.0 IQR (asterisks) are shown.
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Figure 4. Serum (A) and FF (B) VEGF levels in each group. Median (black bars), IQR (boxes), values within 1.5 IQR (whiskers), and values exceeding 1.5
IQR (circles) and 3.0 IQR (asterisks) are shown.
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Figure 5. Serum (A) and FF (B) M-CSF levels in each group. Median (black bars), IQR (boxes), values within 1.5 IQR (whiskers), and values exceeding

1.5 1QR (circles) and 3.0 IQR (asterisks) are shown.

Discussion

This study measured concentrations of neopterin, biopterin,
VEGF, and M-CSF in the serum and FF of infertile patients
who underwent ovarian stimulation and oocyte retrieval. Our
results first confirmed the existence of biopterin and neopterin
in FF and revealed significant differences in concentrations
between poor and good responders.

Biopterin, as a product of BH, metabolism, was signifi-
cantly increased in both serum and FF of Group 2, and FF
biopterin concentrations were similar to serum levels. BH,
is a key cofactor in NOS, and NO has been shown to play
crucial roles in follicular growth and angiogenesis, in addi-
tion to oocyte competence.* Moreover, Bevers et al reported
that BH, plays a determining role in the redox regulation of
NOS-modulated endothelial responses.’® BH, has also been
shown to decrease oxidant stress and increase levels of NO,
which acts to restore blood flow after ischemia in rats.!® In this
sense, our finding of a significant increase in BH, concentra-
tions among good responders might be one explanation for
follicular maturation.

Significantly increased neopterin levels were observed in
both the serum and the FF of poor responders. In the syn-
thetic pathway of BH,, the mechanism underlying increased
neopterin levels together with decreased biopterin is thought
to involve decreased activity of cofactors such as PTPS. How-
ever, PTPS activity was not investigated in the present study,

and FF could potentially lack PTPS activity because of the
lack of red blood cells.!” From another perspective, activated
macrophages produce neopterin as a by-product of the guano-
sine triphosphate pathway, and elevated serum neopterin lev-
els have been reported as an important biomarker of coronary
and carotid atherosclerosis. Taken together with increased
M-CSF levels in both serum and FF, abnormal cytokine
responses in the serum of poor responders might influence
neopterin levels in poor responders.!®

Regarding ovarian angiogenesis, VEGF has been inten-
sively investigated and a critical role has been identified in
the regulation of follicular angiogenesis,"*’ follicle—luteal

0 control of luteal vascularization,?! blood flow,

transition,?
and luteal function.?? In clinical practice, poor responders
to ovarian stimulation have been observed to show increased
serum levels of VEGEF,* as indicated by our results. Grazul-
Bilska et al® reported that VEGF upregulates endothelial
NOS expression in the ovine ovary, which would presumably
mean that a higher demand for BH, would be present in the
process of oocyte retrieval.

Limitations to the present study included the relatively
small number of patients and the fact that groups were defined
by the number of oocytes retrieved. Although we identified
clear differences between the groups, production of BH, and
neopterin within the follicle remains to be investigated, along
with the synthetic pathways involved.
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In conclusion, we have provided evidence of differences
in serum and FF levels of biopterin and neopterin between
poor responders and good responders at the time of oocyte
retrieval. Decreased biopterin levels and increased neopterin
levels in the serum of patients during ovarian stimulation
appear to predict poor oocyte retrieval.
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