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ENDOMETRIUM

The impact of granulocyte colony-stimulating factor (G-CSF) on thin endometrium
of an animal model with rats

G. Işıka, M. Oktema, I. Gulera, E. Oktema, C. Ozogulb, S. Saribasc, A. Erdema and M. Erdema

aDepartment of Obstetrics and Gynecology, Gazi University School of Medicine, Besevler, Ankara, Turkey; bDepartment of Histology and
Embryology, Gazi University School of Medicine, Besevler, Ankara, Turkey; cDepartment of Histology and Embryology, Ahi Evran University
School of Medicine, Bagbasi, Kirsehir, Turkey

ABSTRACT
Purpose: To evaluate whether G-CSF improves the endometrial thickness of thin endometrium by influ-
encing proliferative, angiogenic and apoptotic factors, an experimental rat model was conducted using
24 female adult rats with either thin or healthy endometrium that each was further divided into G-CSF or
saline injection groups with six rats.
Materials and methods: After forming of the thin endometrium by uterine injection of 0.2ml 96% ethyl
alcohol to the rats, five days of subcutaneous injections of 40lg/kg G-CSF or saline were given.
Endometrial thickness, immunohistochemically expression of vascular endothelial growth factor receptor-2
(VEGF-R2), proliferative cell nuclear antigen (PCNA) and fibronectin apoptosis with TUNEL method were
compared in specimens among four groups of post-model rats.
Results: Endometrial thickness was significantly improved in thin but not in normal endometrium group
with GCSF when compared to saline injection. Stromal and glandular epithelial expression of PCNA and
pericapillary VEGF-R2 was significantly increased, and apoptosis was significantly decreased with G-CSF.
Although fibronectin was also increased with G-CSF in the thin endometrium, the difference was non-sig-
nificant. In further, G-CSF decreased apoptotic cells and increased expression of PCNA when compared to
saline injection in normal endometrium.
Conclusions: G-CSF improves endometrial thickness, proliferation, angiogenesis and DNA fragmentation
in thin endometrium.
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Introduction

The thin endometrium is being less than 7mm of thickness on
the day of a trigger of ovulation and unresponsiveness to con-
trolled ovarian hyperstimulation with gonadotropins [1,2]. It is
related to decreased pregnancy rates and increased rates of can-
celation of IVF cycles with fresh embryo transfer [2]. Currently,
no standard effective treatment exists to improve endometrial
thickness in these cases [3–5]. Beyond these, G-CSF and autolo-
gous stem cells provided better outcomes in some patients with
refractory thin endometrium [6]. G-CSF improved endometrial
thickness and morphology by immunohistochemistry and west-
ern-blot with cytokeratin and vimentin in an experimental ani-
mal model [7]. Also, G-CSF instillation between the days of
ovulation trigger and embryo transfer was effective for improve-
ment of endometrial thickness with clinical pregnancy rate of
19% [8]. Furthermore, the infusion of G-CSF to the endometrial
cavity within 5min on the day of hCG improved endometrial
thickness and implantation rates [9].

Possible mechanisms of G-CSF involved in essential steps of
implantation by regulating decidual macrophages, Th2 responses,
endometrial cell proliferation. Recently, G-CSF was also used for
the recruitment of bone marrow-derived stem cells that is the
main step of autologous stem cell therapy of endometrium in
cases with Ascherman’s syndrome [10].

So, we evaluated the role of subcutaneous injection of G-CSF
for improving endometrial thickness and its possible effects on
some adhesive, apoptotic and angiogenetic parameters for
implantation of an embryo.

Material and methods

We used a total number of 24 adult 200 to 250 g. weighted
female rats (Sprague Dawley rat model) from Harlan Laboratory
of Holland. All rats were initially recruited into thin (n¼ 12) and
normal endometrium (n¼ 12) groups that each was further div-
ided into two groups of treatments with G-CSF or saline injec-
tion with 6 rats. The adult rats were synchronized (diestrus) and
divided into four groups as control, G-CSF, thin endometrium
(TE), TEþG-CSF. Local Ethics Committee for Animal
Experiments of the Gazi University approved the study.

For forming thin endometrium, 2 cm lower abdominal skin
incision was made under the anesthesia of ketamine (80–100mg/
kg) and xylazine (5–10mg/kg) after preparation of skin of the
rats with shaving and cleaning with povidone iodine. Then, uter-
ine horns were identified behind the bladder. Two clamps were
placed on them at a level as higher as possible and then 0.1ml
of ethyl alcohol 96% was injected in 5min twice to these horns
bilaterally with 2min interval. Then, these clamps were opened
and the layers of the abdomen were closed with sutures.
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Rats in the study and control groups were followed under
standard diet (Korkuteli Food Industry, Turkey) and 12-h of
light and dark cycles through 10 days representing 2 estrous
cycles. Subsequently, all rats were re-randomized to receive five
days of subcutaneous injections of 40 lg/kg G-CSF or saline.
After the waiting period of 3 estrous cycles, rats were sacrificed
and the uterine horns were resected for histological and immu-
nohistochemical analysis. Microphotograps were taken using a
Leica DM 4000 light microscope.

The uterine tissues were fixed in 10% neutral buffered forma-
lin and embedded in paraffin after routine histological proce-
dures were completed. Sections 4 mm thick were then cut from
paraffin block and stained with Masson’s Trichrome (GBL,
Masson Trichrome Staining kit, Cat no:5022, Lot no: A0203) for
histological fibrosis evaluation, uterine wall thickness and endo-
metrial thickness measurement. As a result, nuclei, muscles, and
collagens were stained as blue-black, red and blue, respectively.

Immunohistochemical analysis

Following deparaffinization, the cross-sections were incubated in
citrate buffer (pH: 6.0) and 3% hydrogen peroxide. Ultra V block
(LabVision, Fremont, CA, Cat no: TA-125-UB, Lot no:
AUB150113AC) was applied for blocking.

Following the blocking stage, tissue sections were incubated
fibronectin primary antibody (Abcam, Cat no: ab2413, Lot no:
GR248495-1) proliferation cell nuclear antigen (PCNA) primary
antibody (Santa Cruz, Cat no: sc-7907, Lot no: K1015); Flk-1
(VEGFR2, VEGF receptor 2) primary antibody (Santa Cruz, Cat
no: sc-315, Lot no: H2415) in 1:100 dilutions for overnight at
4 �C. Subsequently, tissue sections were incubated with secondary
antibody (Lab Vision, Fremont, CA, Cat no: TS-125-HR, Lot no:
SHR150121AA), and then immunoreaction was made visible
with streptavidin peroxidase and diaminobenzidin (DAB)
(LabVision, Fremont, CA, Cat no: TA-125-HD, Lot no:
HD31722) complex. Mayer’s hematoxylin was used for back-
ground staining. Photomicrographs were taken using a light
microscope. At each preparation of Bcl-2 and OPN immunohis-
tochemical stainings, 6 areas were determined randomly at �400
magnification and the immunological involvement was deter-
mined as (%) in the ImageJ program.

Fibronectin and VEGFR-2 immunoreactive cells were calcu-
lated as percentages with the ImageJ analysis in six randomly
selected areas in six cross-sections from each group. In the pro-
gram, images obtained with �100 magnification were used.
PCNA immunoreactive cells were counted out of 200 cells in six
randomly selected areas in six cross-sections from each group.

TUNEL (terminal deoxynucleotidyl transferase dUTP nick end
labeling) method

Apoptosis due to DNA fragmentation was assessed by TUNEL
method by using Millipore Apoptag Plus Peroxidase In Situ
Apoptosis Detection kit (Millipore, Cat no: S7101, Lot
No:2693367). Briefly, four lm-thick cross-sections were kept in
an incubator with 37 �C for a night, following 57 �C for an hour
and 61 �C for 20min. After deparaffinization, tissues were incu-
bated with 20lg/ml proteinase K (Millipore, Cat no: 21627) in
37 �C for 25min. Then, tissue sections were incubated with 3%
hydrogen peroxide for the inhibition of endogenous peroxidase
activity, in a humid environment for 5min at room temperature.
Equilibration buffer was applied for 5min at room temperature.
After, the slides were incubated in TdT enzyme solution for 1 h Ta
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at 37 �C in a humidity chamber. The slides were incubated in
the stop/wash buffer for 10min, then slides were incubated in
anti-digoxigenin peroxidase solution at room temperature for
30min in a humidity chamber. Then, staining with DAB was
performed to identify TUNEL-positive cells. Methylene green
was used for background stain. TUNEL positive cells were
counted out of 200 cells in six randomly selected areas in six
cross-sections from each group

Statistical analysis

The software of Statistical Program for Social Sciences (SPSS,
version 21.0, IBM, Chicago, IL, USA) and Microsoft Excel 2013
were used for the statistical analysis. The distribution of data was
tested by the Shapiro Wilk test and graphically. The data of the
variables that were not normally distributed were presented by
using the median (M) and Interquartile Range (IQR).
Comparison of non-parametric variables was performed by
Kruskal–Wallis and Mann–Whitney U tests, otherwise, ANOVA
and t-test were used. The level of statistical significance was
accepted as p< .05.

Results

Comparison of the thickness of endometrium and uterine wall
among 4 groups is shown in Table 1. In this analysis, there was
a significant increase in mean endometrial and uterine wall
thickness with G-CSF in comparison with saline injection among
thin endometrial groups (239 ± 158.4 vs. 151 ± 167, p¼ .025 and
551.74 ± 397.51 vs 290.82 ± 119.1, p¼ .026, respectively).

Masson’s Trichrome Staining revealed a similar pattern and
density of stain of collagen fibers with G-CSF when compared to
saline injection in normal endometrium groups (Figure 1(a,b)).
The absence of staining of lamina propria of thin endometriums
was also shown due to the nonexistence of collagen fibers in
the extracellular matrix in groups 1 and 2. However, some
increment on the density of collagen fibers in the tunica adventi-
tia of thin endometrium was shown with G-CSF injection
(Figure 1(c,d)).

The results of immunohistochemical analyses and TUNEL
method were presented in Table 2. The bounding of fibronectin
among groups was shown in Figure 2. The rates of bounding of
fibronectin were similar among groups (p¼ .071), although there

Figure 1. Masson’s trichrome staining in normal and thin endometrial groups. Blue color indicates the distribution of collagen fibers in the lamina propria of normal
endometrium with saline (a) and GCSF injection (b). Yellow arrows indicate absence of such staining in the thin endometriums and red arrows show staining only in
tunica adventitia of thin endometriums with saline (c) and GCSF injection (d).
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Table 2. Comparison of Immunohistochemical analyses among grouops.

Group 1
Thin Endometrium þ

GCSF

Group 2
Thin Endometrium þ

Saline

Group 3
Normal

EndometriumþGCSF

Gropu 4
Normal

Endometriumþ Saline p Valuea,b-g

Fibronectin, % 0.79 0.71 0.98 0.96 p¼ .071a

VEGFR2, % 3.11 1.84 3.33 5.93 p¼ .0011a

p¼ .143b

p¼ .005c

p¼ .172d

p¼ .770e

p¼ .083f

p¼ .037g

PCNA, n (Mean ± SD) 10.56 ± 4.25 2.31 ± 2.01 21.31 ± 5.33 16.25 ± 6.21 p< .001a

p¼ .001b

p< .001c

p< .001d

p< .001e

p< .001f

p< .001g

TUNEL, n (Mean ± SD) 16.97 ± 4.42 28.50 ± 7.92 8.39 ± 3,26 15.06 ± 5.86 p< .001a

p¼ .001b

p< .001c

p< .195d

p< .001e

p< .001f

p< .001g

aAnova or Kruskall–Wallis test, b-gt- test or Mann–Whitney U-Test, bGroup 4 vs 3, cGroup 4 vs 2, dGroup 4 vs 1, eGroup 3 vs 1, fGroup 3 vs 2, gGroup 1 vs 2.

Figure 2. Immunoreactivity of fibronectin among groups. Bounding of fibronectin in subepithelial matrix, perivascular matrix, basal membrane of endometrial glands and
bands of muscle cell was indicated with blue, red, pink and yellow arrows, respectively in groups of normal endometrium with saline (a) and GCSF injection (b), and thin
endometriums with saline (c) and GCSF injection (d). There was a stronger bounding of fibronectin with GCSF than saline in thin endometrium groups.
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was a non-significant improvement with G-CSF in groups with a
thin endometrium (0.79% vs 0.71%).

VEGF Receptor 2 immunoreactivity was significantly lower in
thin than normal endometrium (1.84% vs 5.93%, p¼ .005) and
bounding of VEGF receptor 2 was significantly improved with
G-CSF when compared to saline injection in thin endometrium
(3.11 vs 1.84, p¼ .037) (Figure 3).

PCNA immunoreactivity, an indicator of cell proliferation,
was found to be significantly different among groups (p< .001),
significantly lower in thin than normal endometrium (16.2 ± 6.21
vs 2.31 ± 2.01, p< .001), and also significantly improved with G-
CSF injection in thin endometrium (10.56 ± 4.25 vs 2.31 ± 2.01,
p< .001) (Figure 4).

The number of TUNEL positive cells was significantly higher
in thin than normal endometrium (28.50 ± 7.92 vs 15.06 ± 5.86,
p< .001). Injection of G-CSF significantly lowers TUNEL posi-
tivity in thin endometrium (16.97 ± 4.42 vs 28.50 ± 7.92, p< .001)
as well as in normal endometrium when compared to saline
(8.39 ± 3,26 vs 15.06 ± 5.86, p¼ .001) (Figure 5).

Discussion

In this study, we evaluated the impact of subcutaneous adminis-
tration of G-CSF on endometrial thickness, TUNEL positivity for
apoptosis and immunoreactivity of fibronectin, VEGF receptor 2
and PCNA for being possible factors of implantation in thin
endometriums of an experimental rat model. At first, thin endo-
metrium showed significantly lower levels of fibronectin, cell
proliferation, and angiogenesis and increased apoptosis when
compared to normal endometrium. In further, our findings
revealed that G-CSF induced cell proliferation in endometrial
cells of luminal epithelium and stroma by increased levels of
staining of PCNA for the regeneration of thin endometrium.
This was also supported with decreased levels of apoptosis by the
TUNEL method in the areas of thin endometrium where PCNA
positive cell groups were prominent after G-CSF injection. VEGF
receptor 2, an angiogenic factor of tissue regeneration was also
improved in thin endometrium with G-CSF injection. However,
increased levels of fibronectin expression did not reach statistical

Figure 3. Comparison of VEGF receptor 2 stain among groups. Red and blue arrows shows immunoreactivity of VEGF receptor 2 of vascular basal membrane and
endometrial glandular epithelium cells, respectively. (b) is GCSF injection in normal endometrium. Thin endometrium (c) shows significantly lighter bounding of VEGF
receptor 2 than normal endometrium (a), and this bounding was significantly improved with GCSF in thin endometrium (d).
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significance with G-CSF in thin endometrium. With respect to
its effects on normal endometrium, fibronectin and VEFGR were
not but apoptosis and cell proliferation were significantly
improved with G-CSF.

The acting mechanisms of G-CSF on normal and thin endo-
metrium is not well known. Monocytes, fibroblasts, endothelial
and mesothelial cells in many tissues and decidual cells produce
G-CSF that stimulates differentiation of precursor cells and
inhibits apoptosis [11,12]. So, the production of G-CSF may be
insufficient along with the depletion of stem cells and other
growth factors in thin endometrium [13]. In a prospective obser-
vational study, it was found that thin endometrium was associ-
ated with poor angiogenesis and decreased VEGF expression as
well as epithelial proliferation [14]. Consistently, thin endomet-
rium showed decreased angiogenic factors and cell proliferation
that were significantly increased after G-CSF injection in our
study. Pala et al also demonstrated protective effects of G-CSF
on endometrium as lesser endometrial gland degeneration and
stromal fibrosis was seen with G-CSF application when

compared to saline on impaired endometrium with oxidative
stress-induced damage by diabetes in a rat model [15].

The clinical effects of G-CSF got attention after the first
report by Gleicher et al. regarding its effectivity for improving
endometrial thickness of thin endometrium that is unresponsive
to standard treatments in 2011 [4]. Subsequent studies showed
no relationship between such improvement on endometrial
thickness and clinical pregnancy rates [8,16,17]. On the contrary,
it was found that the application of G-CSF significantly increased
implantation and clinical pregnancy rates [18]. In a recent guide-
line reported that although G-CSF usage for thin endometrium
in IVF-ET cycles was significantly associated with increased
pregnancy rates (RR: 1.678, 95% CI: 1,108-2540) in 4 observa-
tional studies, one randomized trial did not show a significant
difference from this point (OR: 0.990, 95% CI:
0,545� 1800) [19].

The studies of G-CSF on normal endometrium in patients
with a history of unexplained recurrent miscarriage or implant-
ation failure revealed improved pregnancy outcomes and rates,

Figure 4. Comparison of PCNA stain among groups. Red and yellow arrows show PCNA stain in endometrial glandular epithelium and endometrial stromal cells,
respectively. There was no PCNA stain in thin endometriumþ saline injection (c) and GCSF lead to PCNA positive cells in thin endometrium (d). (a) normal endome-
triumþ saline and (b) normal endometriumþGCSF.
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respectively [12,20]. In our study, GCSF significantly improved
apoptosis and cell proliferation in normal endometrium that may
be involved as an acting mechanism of G-CSF in patients with
recurrent miscarriage or recurrent implantation failure with
undetermined causes. In an ex-vivo study model on endometrial
samples, G-CSF has some significant impact on tissue remodel-
ing by cell migration and local angiogenesis and sufficient
amount of its production is required for acting on T cells to
express genes for vascular and cell growth and some immune
mechanisms of adequate endometrial changes for implant-
ation [21].

In conclusion, experimental thin endometrium was associated
with increased apoptosis and decreased angiogenesis, cell prolif-
eration, and fibronectin. Subcutaneous use of G-CSF was effect-
ive to improve the thickness, angiogenesis, cell proliferation and
apoptosis of thin endometrium.

Acknowledgements

We thank Gazi University to support this study.

Disclosure statement

No potential conflict of interest was reported by the author(s).

References

[1] Liu KE, Hartman M, Hartman A. Management of thin endometrium
in assisted reproduction: a clinical practice guideline from the
Canadian Fertility and Andrology Society (CFAS). Reprod Biomed
Online. 2019;39(1):49–62.

[2] Kasius A, Smit JG, Torrance HL, et al. Endometrial thickness and
pregnancy rates after IVF: a systematic review and meta-analysis.
Hum Reprod Update. 2014;20(4):530–541.

[3] Senturk LM, Erel CT. Thin endometrium in assisted reproductive
technology. Curr Opin Obstet Gynecol. 2008;20(3):221–228.

[4] Gleicher N, Vidali A, Barad DH. Successful treatment of unrespon-
sive thin endometrium. Fertil Steril. 2011;95(6):2123 e13.

[5] Wang X, Liu L, Mou S, et al. Investigation of platelet-rich plasma in
increasing proliferation and migration of endometrial mesenchymal
stem cells and improving pregnancy outcome of patients with thin
endometrium. J Cell Biochem. 2019;120(5):7403–7411.

[6] Mouhayar Y, Sharara FI. G-CSF and stem cell therapy for the treat-
ment of refractory thin lining in assisted reproductive technology. J
Assist Reprod Genet. 2017;34(7):831–837.

Figure 5. Comparison of TUNEL positivity among groups. Red and blue arrows show TUNEL positivity in endometrial glandular epithelium and endometrial stromal
cells, respectively. GCSF injection significantly decreases the TUNEL positivity in groups of normal and thin endometrium when compared to saline.

444 G. IŞIK ET AL.



[7] Zhao J, Tian T, Zhang Q, et al. Use of granulocyte colony-stimulating
factor for the treatment of thin endometrium in experimental rats.
PLoS One. 2013;8(12):e82375.

[8] Gleicher N, Kim A, Michaeli T, et al. A pilot cohort study of gran-
ulocyte colony-stimulating factor in the treatment of unresponsive
thin endometrium resistant to standard therapies. Hum Reprod.
2013;28(1):172–177.

[9] Sarvi F, Arabahmadi M, Alleyassin A, et al. Effect of increased endo-
metrial thickness and implantation rate by granulocyte colony-stimu-
lating factor on unresponsive thin endometrium in fresh in vitro
fertilization cycles: a randomized clinical trial. Obstet Gynecol Int.
2017;2017:3596079

[10] Santamaria X, Cabanillas S, Cervello I, et al. Autologous cell therapy
with CD133þ bone marrow-derived stem cells for refractory
Asherman’s syndrome and endometrial atrophy: a pilot cohort study.
Hum Reprod. 2016;31(5):1087–1096.

[11] Schneider A, Kruger C, Steigleder T, et al. The hematopoietic factor
G-CSF is a neuronal ligand that counteracts programmed cell death
and drives neurogenesis. J Clin Invest. 2005;115(8):2083–2098.

[12] Scarpellini F, Sbracia M. Use of granulocyte colony-stimulating factor
for the treatment of unexplained recurrent miscarriage: a randomised
controlled trial. Human Reproduction (Oxford, England). 2009;
24(11):2703–2708.

[13] Li J, Mo S, Chen Y. The effect of G-CSF on infertile women under-
going IVF treatment: a meta-analysis. Syst Biol Reprod Med. 2017;
63(4):239–247.

[14] Miwa I, Tamura H, Takasaki A, et al. Pathophysiologic features of
"thin" endometrium. Fertil Steril. 2009;91(4):998–1004.

[15] Pala HG, Pala EE, Artunc Ulkumen B, et al. The protective effect of
granulocyte colony-stimulating factor on endometrium and ovary in
a rat model of diabetes mellitus. Gynecol Obstet Invest. 2014;78(2):
94–100.

[16] Kunicki M, Łukaszuk K, Woclawek-Potocka I, et al. Evaluation of
granulocyte colony-stimulating factor effects on treatment-resistant
thin endometrium in women undergoing in vitro fertilization.
Biomed Res Int. 2014;2014:1–5.

[17] Barad DH, Yu Y, Kushnir VA, et al. A randomized clinical trial of
endometrial perfusion with granulocyte colony-stimulating factor in
in vitro fertilization cycles: impact on endometrial thickness and clin-
ical pregnancy rates. Fertil Steril. 2014;101(3):710–715.

[18] Xu B, Zhang Q, Hao J, et al. Two protocols to treat thin endomet-
rium with granulocyte colony-stimulating factor during frozen
embryo transfer cycles. Reprod Biomed Online. 2015;30(4):349–358.

[19] Liu KE, Hartman M, Hartman A. Management of thin endometrium
in assisted reproduction: a clinical practice guideline from the
Canadian Fertility and Andrology Society (CFAS). Reprod Biomed
Online. 2019;39(1):49–62.

[20] Kamath MS, Chittawar PB, Kirubakaran R, et al. Use of granulocyte-
colony stimulating factor in assisted reproductive technology: a sys-
tematic review and meta-analysis. Eur J Obstet Gynecol Reprod Biol.
2017;214:16–24.

[21] Rahmati M, Petitbarat M, Dubanchet S, et al. Granulocyte-Colony
Stimulating Factor related pathways tested on an endometrial ex-vivo
model. PLoS One. 2014;9(9):e102286.

GYNECOLOGICAL ENDOCRINOLOGY 445


	Abstract
	Introduction
	Material and methods
	Immunohistochemical analysis
	TUNEL (terminal deoxynucleotidyl transferase dUTP nick end labeling) method
	Statistical analysis

	Results
	Discussion
	Acknowledgements
	Disclosure statement
	References


