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ABSTRACT

Objectives: The combination of growth hormone (GH) with gonadotropin was a
prevalent method to improve clinical reproduction in adjuvant for assisted
reproduction treatment (ART). However, the contradictory results from previous
studies failed to confirm the benefits. The present study is focused on the mechanism
analysis of GH-IGF1-gonadal axis in ART and the changes of IGF1 in follicular fluid

among different types of patients.

Material and methods: We recruited 136 patients and divided them into eight groups
according to their ages and ovarian reserves. The baseline characteristics of the study

population were summarized. The therapeutic outcomes in the study population were
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observed. In the meantime, concentrations of IGF1 in follicular fluids from different
types of patients who underwent GH strategy were measured by Western blot. The

functional mechanism of GH-IGF1-gonadal axis in ART was also analyzed.

Results: We analyzed the baseline characteristics of the study population, the
therapeutic outcome of GH-IGF-1-gonadal axis, as well as the relative protein level of
IGF1 and IGFBP1 in follicular fluid from different groups. The chemical pregnancy
rate was significantly increased in different degrees for groups with GH co-treatment
compared to groups without GH co-treatment. The IGF1 in follicular fluid of patients
under 35 years’ old showed an upward trend compared with groups of poor, normal
and high ovarian reserves. After GH induction, IGF1 in follicular fluid was

significantly increased in patients over 35 years old.

Conclusions: The study suggested that the application of GH might be beneficial to
the pregnancy outcome in patients. GH application in patients older than 35 years
might have a beneficial effect on pregnancy outcome via promoting the expression of
IGF1. Our study indicates a different mechanism from GH application among
younger and older patient in ART and provides a new clue for individual clinical

treatment in infernity patients.
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INTRODUCTION

In recent years, the incidence of female infertility among adult women has been
rising all over the world [1]. The age-related fertility decline in the older women
makes more and more families unable to achieve the desire of re-pregnancy and
childbirth [2]. At present, assisted reproduction treatment (ART) based on in vitro
fertilization (IVF) and embryo transfer (ET) has been considered as the most helpful
method for female infertility. However, it can only ensure 1/3 of women get pregnant

successfully, which cannot meet the urgent needs of the majority [3].

Previous studies have shown that patients with GH deficiency experienced
reduced fertility rates based on IVF technology [4], while GH supplementation can
successfully complete assisted reproduction [5]. Some researchers have indicated that
co-treatment of gonadotropin and GH demonstrated significant improvement of the

pregnancy, implantation and live birth rates in the patient with poor ovarian



responders [6]. However, there is still great controversy in the application of GH in
IVE, as well as the inconsistent meta-analysis in recent years [7, 8]. Further studies are
urgently needed to gap the bridge between theoretical analysis and clinical application

for the co-treatment of ART and GH.

GH-Insulin like growth factor 1 (IGF-1), also called somatomedin C, is a hormone
with similar molecular structure to insulin, which plays an important role in
pregnancy. It has been well established that IGF-1/gonadal axis exerts essential
functions in follicular development, ovarian response and ovulation [9]. In the
circulation, IGFs are bound to binding proteins (IGFBPs) that can prolong the half-
life and modulate its bioavailability. In the ovary, IGFs are released by ovarian
granulosa cells. Local IGFs exert function via IGF receptors to regulate normal
follicular growth and development and raise the ovary sensitivity to the follicle-
stimulating hormone (FSH) [10]. Thus, the effects of GH on ovarian response may
synergistically function as direct regulation and indirect stimulation of IGF1

synthesis.

Based on the potential synergistic effect of GH and IGF1 in IVF clinical output,
we speculated that the difference in the clinical output of patients with different ages
and ovarian reserves might be related to the concentration of IGF1 in ovaries. The
identification of this speculation may provide valuable information for the explanation
of the different clinical output of GH co-treatment strategies in ART. In this study, we

were focused on the exploration of the role of GH-IGF1-gonadal axis in ART.

MATERIAL AND METHODS
Study population

The current research was performed in a single-blinded clinical trial, including
136 patients for IVF who referred to the Reproductive Center of The Hunan Maternal
and Child Health Care Hospital, between June 2013 to June 2014. The patients were
evaluated at the beginning and then assigned into eight groups. The study was
approved by the Hunan Provincial Maternal and Children Health Hospital Ethics
Committee. Written consents were obtained from the patients. The ethics approval
number was provided (Identify Number: 2014005) by the ethics committee in 2014.

The experiments were carried out according to guidance from Helsinki Declaration



[11].

Patients were considered as eligible when they met the following criteria: [1] the
causes of infertility are primarily due to fallopian tube malfunction or male sterility;
[2] age between 20 and 45 years; [3] normal uterine cavity with regular spontaneous
menstrual cycles of 25-30 days; and [4] FSH, Luteinizing hormone (LH), and
Estradiol concentrations in the normal range during the early follicular phase. The
exclusion criteria were as follows: [1] malignant tumor; [2] serious pelvic adhesions
or hydrosalpinx; [3] endocrine disorder; [4] recurrent spontaneous abortion, [5]
considering the side effect of GH, patients who got positive results in OGTT were
excluded, [6] patients who required fertilization by ICSI (single sperm microinjection)
were excluded. In our study, we firstly recruited 136 patients. However, we found two
women had high FSH levels (1 more than 20 IU/L, and 1 more than 15 IU/L), 4 were
OGTT positive, and two gave up. They were excluded.

One hundred twenty-eight patients with ages less than 35 were classified into
[1] poor, [2] normal and [3] high ovarian reserve groups according to their baseline
FSH, FSH/LH ratio, anti-Miillerian hormone (AMH), and antral follicle count (AFC).
For those patients, 36 patients who were identified as poor ovarian reserve were
further divided into group A and group B randomly. Thirty-two patients who were
identified as normal ovarian reserve were divided into group C and D randomly.
Thirty patients who were identified as high ovarian reserve were set into groups E and
F randomly. Thirty patients with ages over 35 were randomly categorized into groups
G and H. All the randomization work was done by a computerized random sampling
table, with consideration on patient blindness. Finally, 15, 15, 15, 15, 18, 18, 16, 16
patients were distributed into group A, B, C, D, E, F, G and H, respectively.

Study intervention

The patients in all groups received a one-time gonadotropin-releasing hormone
(GnRH) agonist injection of triptorelin acetate (Diphereline, 3.75 mg/bottle, Ipsen
Pharma Biotech, France) for long-term pituitary down-regulation on day 15 of the
preceding oral contraception pill cycle. GnRH-agonist dose ranged from 1.25 mg to
1.875 mg depending on the patients’ body weights. On day 2-5 of the next menstrual
cycle, pituitary down-regulation was confirmed by an ultrasound scanned endometrial

thickness (less than 5 mm), as well as the serum FSH and LH levels (less than 5



mlIU/mL) and E2 level (less than 50 pg/mL).

RFSH was given from the time when the downregulation is successful indicated
in the above. The recovery of follicles was monitored. When the diameter of three or
more follicles reached 7-9 mm, rFSH was given with doses varies from 150 to 300 [U
depending on individual ovarian responses and reserves. The rFSH dose was kept
unchanged throughout the ovarian stimulation. If it is very necessary, the dose could
be reduced by about 1/3 in the last few days, and the reduction was maintained for 2—
3 days each time. In addition to common regimens, groups B, D, F, H received 6 TU
daily r-GH (Ansomon, Anke Co. LTD., Anhui, China) subcutaneously from the first
day of gonadotropin (Gn) stimulation for 10 days. Group A, C, E, G received 10 days’
placebo (normal saline, 0.1 mg/day) from the first day of Gn stimulation for 10 days,
subcutaneously. 0.25 mg Ovidrel (Merck Serono, Germany) was injected as the final
trigger when dominant follicles reached 18mm in diameter. Ultrasound-guided oocyte

retrieval was performed at 36 h after the trigger.

Sixty mg per day of progesterone was started intramuscularly from the day of
oocyte retrieval until 14 days after embryo transfer, together with 200 mg oral
progesterone capsules (Yimaxin, Xianju Pharmaceutical Co. LTD., Zhangjiang,
China). Chemical pregnancy was confirmed with serum HCG > 40 IU/L at day 14
after embryo transfer. Clinical pregnancy was confirmed with foteal heart activity that
was observed under transvaginal ultrasonography at 4-5 weeks after embryo transfer
and positive HCG indication. Progestin support continued up to 10-12 weeks’
gestation if the pregnancy was achieved. After embryo transfer, we performed the
measurement of total dosage and duration of gonadotropin usage, endometrial
thickness, numbers of metaphase II oocyte, numbers of transferred embryos, and rates

of early miscarriage, implantation, and clinical pregnancy.

Assisted reproduction technique

Oocytes were retrieved under vaginal ultrasonography guidance at 36 hours
after r-HCG administrations and fertilized by traditional IVF procedures. During
retrieval, 10 ml follicular fluid was collected, frozen, and sent for analysis. Granulosa
cell and corona radiata of cumulus oophorous were taken off. We assessed the
maturity of the ova and found that the ova were naturally fertilized. After that, the

zygotes were incubated for 18 hours in IVF nutrient solution at 37 Celsius with 5%



CO,. We observed the fertilization status at 24 hours and refreshed the nutrient
solution. Embryo’s evaluation was made on the 3™ day after retrieval using Peter
Score System. 1 or 2 embryos were transferred on the 3™ day at cleavage stage to the

uterine cavity.

Evaluations of embryos and zygotes were made by the standards previously
reported by Tesarik et al. [12]. The morphology of the cleavage embryos was
observed on the 2™ and 3" day based on the number of fragmentations, equality, mono
nuclearity, and early compaction. Patients in 8 groups were assessed in terms of
collected oocytes, MII oocytes, fertilized oocytes, the number of transferred oocytes,

and chemical or clinical pregnancy.

Follicular fluid testing

We measured the concentration of IGF1 in follicular fluid of different types of
patients who underwent GH strategy and analyzed the functional mechanism of GH-
IGF1-gonadal axis in ART. Based on the randomized and double-blind principle, we
collected the follicular fluid of the above eight groups. During retrieval, 10 mL
follicular fluid was collected, frozen, and sent for analysis. Western blot was utilized
to measure the levels of IGF1 and IGFBP1 in the follicular fluid of the patients. Image
J (NIH software) was utilized to analyze the intensity of the western blot bands.
Among the 128 patients, only 70 patients agreed to perform this test. Thus, 70 sets of
western blot results were obtained for eight groups, with their number recorded in the
experimental record sheet. Finally, there were 15, 13, 14, 12, 7, 2, 3, 4 samples in

groups A, B, C, D, E, F, G, and H, respectively.

Statistical analysis

In this study, the data were expressed as mean + standard deviation (SD). The
results were summarized utilizing absolute frequency and percentage for the

categorical variable. Data normalization was performed utilizing Kolmogorov-



Smirnoff tests. The differences among different groups were compared by one-way
ANOVA or Kruskal-Wallis H test. SPSS (16.0) was utilized for statistical analysis. A

p-value less than 0.05 was considered statistically significant.

RESULTS

One hundred twenty-eight patients were divided into eight groups according to
their age and ovarian reserves. Table 1 showed the baseline characteristics of the
study population. We investigated the mean age for female and male, BMI, number of
IVE, level of AMH, antral follicle counts, and duration of infertility in the groups from
A to H. The classifications are in the following: group A represented patients with
poor responses (age: < 35 years’ old); group B represented patients with poor
responses treated with growth hormone (age: < 35 years’ old); group C represented
patients with normal responses (age: < 35 years); group D represented patients with
normal responses treated with growth hormone (age: < 35 years); group E represented
patients with high responses (age: < 35 years); group F represented patients with high
responses treated with growth hormone (age: < 35 years); group G represented
infertile women of advanced age (age: > 35 years); and group H represented infertile
women of advanced age treated with growth hormone (age: > 35 years). From Table
1, we could find that the baseline characteristics of each group showed no significant
difference (p > 0.05), including mean age, body mass index, the number of IVF
procedure, the level of AMH, FSH, and LH hormones, antral follicle counts, and

duration of infertility.

Then, we investigated the therapeutic outcome in the study population, including
the number of collected oocytes, number of MII oocytes, number of fertilized oocytes,
number of transferred embryos, chemical pregnancy percentage, IVF rate, cleavage
rate, high-quality embryo rate, embryo implantation rate, and pregnancy rate. Table 2
revealed that the chemical pregnancy rate was significantly increased in different
degrees for groups with GH co-treatment compared to groups without GH co-
treatment. In patients with poor responses (age: < 35 years’ old), GH significantly
improved the number of fertilized oocytes. However, no significant difference was
observed in normal ovarian reverse group, including the number of collected follicles,
the number of MII oocytes, fertilization rate, cleavage rate, the number of transfer

embryos, high-quality embryo rate and implantation rate. In high response population,



high-quality embryo rates and embryo implantation rates were significantly increased.
For patients over 35 years’ old, the chemical pregnancy rate has been improved, but

no significant difference was observed in all other data (Tab. 2).

Based on the randomized and double-blind principle, we collected the follicular
fluid of the above eight groups. Western blot was utilized to measure the levels of
IGF1 and IGFBP1 in the follicular fluid of the patients (figure 1). As only 70 patients
agreed to perform this test, we obtained 70 sets of western blot results for 8 groups.
Figure 1 listed all the Western blot bands from 70 patients. Table 3 summarized the
quantitative results after gray-scale analysis. The results demonstrated that the IGF1
in follicular fluid of patients under 35 years’ old showed an upward trend compared
with groups of poor, normal and high ovarian reserves. However, there is no
significant difference among poor, normal and high ovarian reserves groups. The level
of IGF1 in patients’ follicular fluid over 35 years’ old was significantly decreased
compared with that of patients under 35 years’ old. There was no significant
difference in IGFBP1 among each group. After GH induction, IGF1 in follicular fluid
was significantly increased in patients over 35 years old, but there was no significant

changed in other groups.

DISCUSSION

Growth hormone has been applied to improve clinical reproduction in ART for
more than 30 years [13, 14]. However, the contradictory result from different
researchers failed to confirm the benefits in terms of live birth rates with the use of
adjuvant GH. The differences in clinical outcomes from GH application among
different researchers may be related to individual differences in the complexity of
GH-Insulin like Growth Factor (IGF)-1-gonadal axis. The fundamental theories of

GH co-treatment remain to be further elucidated.

Our study focused on the levels of follicular fluid from different types of patients.
We found that the level of IGF1 showed a decreasing trend from high-response
patients to poor-response patients. A significant downregulation was observed in the
older patients over 35 years’ old in contrast with patients less than 35 years’ old. After
GH stimulation, different susceptibility was revealed in different types of patients. GH
seems to have no upregulation effect in the level of IGF1 in follicular fluid from

patients below age 35. However, a significant increase in IGF1 was found in patients



over age 35. It indicated that there existed different functional mechanisms underlying
younger and older patients in ART. Our study gave a reasonable explanation for
previous contradictory findings and provided new clues for individual clinical

treatment in ART.

The human genetic deficiency and animal model shed light on the roles in
follicular development, ovarian response, and ovulation. Both GHRH or GH
mutations in humans lead to puberty delayed and fertility declined. GHR knockout
mice showed a decrease in the number of healthy and growing antral or pre-ovulatory
follicles [10], which demonstrated that GH is necessary for optimal follicular
maturation and survival. Previous studies have established that both in vivo and in
vitro administration of GH could increase ovarian weight, follicular size, and promote
human oocyte retrieval and fertilization rate [10]. Furthermore, GH was reported to
improve the endometrial receptivity by increasing endometrial blood flow and
cytokines release [15]. As a result, it is reasonable to conclude that GH could advance
clinical reproduction. In this study, we found that co-treatment with GH in poor
ovarian reserves could improve the chemical pregnancy rate, the number of fertilized
oocytes and IVF rate. For older patient aged over 35, the increase of chemical
pregnancy rate was confirmed, which is consistent with previous studies [12—14].
There are still some deviations in experimental results, which may be due to different
treatment schemes. The oocyte quality decline with age could be resulted from the
fact that functional mitochondria decrease led to impaired separation of chromosome.
GH can also improve the mitochondria activity other than promoting proliferation and
inhibiting apoptosis [16]. This could explain why GH promote chemical pregnancy

rate in older patient.

Except for direct role in the oocyte, GH indirectly induces ovarian granulosa and
thecal cells release IGF1, which raises the ovary sensitivity to gonadotropin [15].
IGF1 locally exerts the role in resuming meiosis of the oocytes via paracrine and
autocrine modes, including DNA synthesis, steroidogenesis, aromatase activity, LH
receptor synthesis, and inhibin secretion [17]. In synergy with FSH, IGF1 is
considered to mediate growth-promoting actions of growth hormone. IGF1 is required
for GH to stimulate oocyte maturation. In our study, the level of IGF1 in follicular
fluid showed a decreasing trend from high response patients to poor response patients.
Significant downregulation of IGF1 was found in older patients. It indicated that the

baseline of IGF1 might be related to ovarian response and clinical outcome. GH



seems to have the effects of selective upregulation of IGF1 in older patients rather
than younger patients. This may result from the different responses from normally and
highly reactive patients. The high background level of IGF1 may saturate the GH
effect. However, IGF1 cannot completely mediate the GH function. There might be an
unknown mechanism underlying the resistance in the effect of GH for PORs. IGF1
knockout mice do not phenocopy the mutants with loss of GH and GHR. IGF1 cannot
rescue the ovary deficiency caused by GHR mutants [18]. Loss of IGF1 in mice
results in absence of antral follicles, infertility and fails to ovulate either

spontaneously or under the influence of gonadotropins.

Different from GH, IGF1 plays a crucial role in the progression of the follicles
from the non-gonadotropin sensitive to the gonadotropin sensitive stages [16]. It could
be concluded that GH and IGF1 may synergistically function locally in follicular
development. Our data show that the level of IGFBP1 in follicular fluid among each
group did not change, suggesting that IGF1 is a local source rather than a circulation
one. As IGF1 could bind with IGFBP1, lower IGF1 levels could increase the level of
IGFBP1 in a certain time. In Table 3, we also found that IGF1 levels decreased, while
IGFBP1 increased for group B compared with group A, and group D compared with
group C. Follicular development is characterized by the proliferation and
differentiation of the oocytes and granulosa cells. This process requires precise
interaction between oocytes and granulosa cells. Through paracrine and autocrine
ways, the balance of niche growth factors and cytokine steroids in follicles can be
maintained. The good effect of granulosa cells on GH may help the older patients to

achieve good clinical output in assisted reproduction.

Our study indicates a different mechanism underlying younger and older patients
in ART and provides a new clue for individual clinical treatment in ART. However, as
a limitation, our study did not identify the reason why GH did not regulate IGF1 in
follicular fluid in POR patients but provided good clinical output. Further studies will
be needed to investigate their inner associations and confirm the reasons and possible
clinical outcomes. Due to space limitations and time constraints, this article did not
include the plasma IGF1 experiments on this aspect. We will include the comparison

between plasma IFG1 and IGF1 in the follicular fluid in the future research.

CONCLUSIONS



The study revealed that the chemical pregnancy rate was significantly increased in
different degrees for groups with GH co-treatment compared to groups without GH
co-treatment, suggesting that the application of GH may be beneficial to the
pregnancy outcome in patients. The effects of GH in patients under 35 years of age
might not be related to the expression of IGF1 and IGFBP1. GH application in
patients older than 35 years might have a beneficial effect on pregnancy outcome via
promoting the expression of IGF1. Our study indicates a different mechanism from
GH application among younger and older patients in ART and provides a new clue for

individual clinical treatment in ART.
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Table 1. Baseline Characteristics of the Study Population

There was no statistical significance between A and B, C and D, E and F, and G and H

groups

Index Group Group Group Group Group Group Group Group
A B C D E F G H

Mean age, 28.83 29.33 27.81 29.00 28.00 28.73 38.67 378 £
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female £3.72 +£219 £317 £263 £283 =£3.07 +£346 248
Mean age, 32.03 3432 32.01 3394 3277 3339 41.58 41.73

male £5.28 +533 £447 +£510 +£487 £519 +297 +£2.26
BMI 2266 22,58 23.03 2330 25.05 25.13 2483 25.11

[kg/m2] £287 +£273 £317 £326 +£534 =475 222 +£3.09
Number of 2.63 + 228 + 2.48+ 257 + 239 + 256 + 286 + 293 +

IVF 1.81 1.99 1.99 1.91 1.80 1.63 1.97 2.05
Level of 1.08 £+ 097 + 248 + 273 + 531 + 6.03 + 152 + 148 +
AMH 0.42 0.51 0.55" 0.64" 1.22** 176 0.61 0.62
Antral 546 + 7.37 £ 16.04 1598 1823 1432 597 £+ 8.18 £
follicle 4.88 2.59 +4.21" +£513° +£8.76° +5,16° 4.82 6.11
counts

Duration 439 £+ 4.67 + 288 = 407 £ 275 + 247 £ 493 £ 6.07 +
of 2.69 2.62 1.63 1.91 1.64 1.45 3.28 4.86

infertility

"p <0.05, vs A or B; *p < 0.05, vs C or D. Group A: Patients with poor responses (age:
< 35 years’ old); Group B: Patients with poor responses treated with growth hormone
(age: < 35 years’ old); Group C: Patients with normal responses (age: < 35 years);
Group D: Patients with normal responses treated with growth hormone (age: < 35
years); Group E: Patients with high responses (age: < 35 years); Group F: Patients
with high responses treated with growth hormone (age: < 35 years); Group G: infertile
women of advanced age (age: > 35 years); and Group H: infertile women of advanced

age treated with growth hormone (age: > 35 years)

Table 2. The Therapeutic Outcome in the Study Population

Index Group Group Group Group Group GroupF  Group Group
A B C D E G H

No. of 561+ 7.72 + 1444 15.87 17.19 13.13+4, 6.27+ 8.80
collected 4.56 2.35 +3.28 +£6.38 £8.62 62 5.22 7.77
oocytes

No. of MII 5.61+ 7.56 + 14.06 14.87 1419 1223 + 6.07+ 8.60 %
oocytes 4.56 2.39 +£3.29 +£5.87 £7.38 4,92 5.01 7.59
No. of 433+ 728 + 1213 122 + 1344 1254 + 567+ 793+
fertilized 3.37 2.23° +4.43 6.42 +7.27 5.18 4.83 7.08
oocytes

No. of 139+ 172 + 188+ 160 + 150+ 220 + 133+ 173+



transferred

embryos
Chemical

pregnancy,

%
IVF rate

Cleavage

rate
High

quality
embryo

rate
Embryo

implantatio

n rate
Pregnancy

rate

1.01

5(42
%)

0.95

0.09
0.94

0.09
0.51

0.30

0.44
0.39

0.63
0.48

0.65

11(69
%)

+ 0.82

0.20
£ 0.99

0.03
+ 0.35

0.31

+ 0.21
0.25

+ 0.42
0.49

H+

H+

H+

H+

H+

048  0.80
7(46  11(92
%) %)

0.84+ 0.79
022 031
0.98 + 0.96
0.04  0.05
042+ 0.45
0.28  0.25
0.30 £ 0.54
040 0.32
0.40 + 0.83
049 037

I+

I+

H+

H+

I+

0.87  0.40°
8(67  12(80%)
%)

084+ 093 +
026 0.12
097+ 097 +
0.05 0.06
029+ 058 +
026  0.32"
038+ 0.63+
030 0.41°
067+ 080 +
047  0.40

1.14

7(33
%)

0.93 £

0.12
0.97 +

0.08
0.30 £

0.25

0.34 £
0.64

0.33 £
0.47

1.18

7(64
%)

091 +

0.15
0.99 +

0.04
0.22 £

0.22

0.29 £
0.36

0.47 +
0.50

*p < 0.05 for Group Avs B; Cvs D; E vs F; G vs H

Table 3. Relative protein level of IGF1 and IGFBP1 in follicular fluid

*p < 0.05 for Group H vs Group G, #p < 0.05 for Group E vs Group G

Index IGF1/GAPDH IGFBP1/GAPDH
Group A 0.503 £ 0.062 0.611 £ 0.018
Group B 0.480 £ 0.067 0.674 +£0.123
Group C 0.526 £ 0.022  0.682 £ 0.066
Group D 0.493 £ 0.054 0.710£0.132
Group E 0.557£0.091 0.570 = 0.098
Group F 0.573 £0.114  0.544 £ 0.137
Group G 0.474 + 0.073* 0.579 + 0.087
Group H 0.578 + 0.082" 0.544 + 0.118




