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Addition of interleukin-6 to mouse embryo culture
increases blastocyst cell number and influences the
inner cell mass to trophectoderm ratio

Rebecca L Kelley, David K Gardner

School of Biosciences, University of Melbourne, Parkville, Australia

Objective: In vitro culture of preimplantation embryos is improved by grouping embryos together in a drop of media. Individually cultured
embryos are deprived of paracrine factors; with this in mind, we investigated whether the addition of a single embryo-secreted factor, interleu-
kin-6 (IL-6), could improve the development of individually cultured embryos.

Methods: Mouse embryos were cultured individually in 2 pL of G1/G2 media in 5% oxygen and supplemented with a range of doses of recom-
binant mouse or human IL-6.

Results: Mouse IL-6 increased hatching at doses of 0.01 and 10 ng/mL compared to the control (93% and 93% vs. 78%, p < 0.05) and increased
the total number of cells at a dose of 0.1 ng/mL compared to the control (101.95+3.36 vs. 9131+ 3.33, p <0.05). In contrast, the highest dose
of 100 ng/mL reduced the total number of cells (79.86 +3.29, p <0.05). Supplementation with human IL-6 had a different effect, with no
change in hatching or total cell numbers, but an increase in the percentage of inner cell mass per embryo at doses of 0.1, 1, and 100 ng/mL
compared to the control (22.9% + 1.1%, 23.3% + 1.1%, and 23.1%= 1.1% vs. 19.5% + 1.0%, p < 0.05).

Conclusion: These data show that IL-6 improved mouse embryo development when cultured individually in complex media; however, an ex-
cess of IL-6 may be detrimental. Additionally, these data indicate that there is some cross-species benefit of human IL-6 for mouse embryos, but

possibly through a different mechanism than for mouse IL-6.
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Introduction

In vitro fertilization (IVF) clinics routinely culture preimplantation
embryos in vitro, but the techniques and conditions used by different
clinics can vary widely [1]. The environment that embryos are ex-
posed to can influence not only preimplantation development, but
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also implantation potential, fetal and placental development, and
even adult health [2]. In vitro, embryos can be cultured individually or
in groups within the same drop or well of media. Grouping embryos
results in faster cleavage times, higher blastocyst and hatching rates,
and more cells per blastocyst [3-9]. It is plausible that the impaired
development of individually cultured embryos is due, at least in part,
to being deprived of paracrine signaling molecules [5]. In vivo, these
are produced by the oviduct and endometrium, and in vitro by
neighboring embryos. Culturing individual mouse or bovine embry-
os in embryo-conditioned media increases the hatching rates and
cell numbers to the same level as grouped embryos [9-11], but the
composition of embryo-conditioned media is ill-defined and the
roles of the components in signaling are largely unknown [12,13].
One of these embryo-secreted molecules found in conditioned me-
dia is the cytokine interleukin-6 (IL-6) [14-17].
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IL-6 is a cytokine with many roles in cell signaling and a wide range
of target genes [18]. Both IL-6 and its receptor are expressed and se-
creted in the endometrium in multiple species, including humans
[19-23], and expression of the IL-6 receptor (IL-6R) has been identi-
fied in preimplantation murine embryos [24], indicating that preim-
plantation embryos are exposed to and can respond to IL-6 in vivo.
Several studies have also observed the secretion of IL-6 by preim-
plantation embryos [14-17], and in a multiplex assay of mouse em-
bryo-conditioned media we found that IL-6 was the most abundant
of the selected cytokines and growth factors in embryo-conditioned
G2 media (Kelley, Hannan and Gardner, unpublished observations).
Shen et al. [25] supplemented mouse embryo culture media with re-
combinant mouse IL-6 (rmlIL-6) and found an increase in blastocyst
cell numbers, as well as changes in signal transducer and activator of
transcription 3 (STAT3) and the expression of anti-apoptotic genes.
However, the culture conditions used by Shen et al. were designed to
place the embryos under high stress, and therefore are not a reflec-
tion of current clinical practice for embryo culture. Some growth fac-
tors and cytokines are only effective in promoting embryo growth
when culture conditions are suboptimal [26,27]; therefore, the aim of
this study was to determine whether IL-6 would promote the growth
of individually cultured mouse embryos under more optimized cul-
ture conditions.

Culture of bovine or feline embryos with mouse embryos can stim-
ulate development [28,29], but little is known about the cross-spe-
cies effects of specific components of the embryo secretome. Human
IL-6 has only 42% amino acid sequence homology with mouse IL-6
[30], and has less affinity for the murine receptor IL-6R [31], which is
expressed at the blastocyst stage [24]. Shen et al. [32] found that
mouse IL-6 had no effect on porcine parthenote embryos, but the re-
sponse of mouse embryos to human IL-6 is unknown. Thus, this
study compared the effect of mouse and human IL-6 on mouse em-
bryos.

Methods

1. Animals

C57BL/6 X CBA F1 hybrid mice were housed in a standard animal
research facility in individually ventilated cages (Optimice; Animal
Care Systems, Centennial, CO, USA) with a 12-hour light-dark photo-
period (6 AM—6 PM) and controlled temperature. Food and water
were available ad libitum.

Four-week-old females were superovulated with 5 IU of pregnant
mare serum gonadotropin (Folligon; Intervet, Bendigo East, Austra-
lia) administered intraperitoneally at the mid-point of the light
phase, followed 48 hours later by 5 IU of human chorionic gonado-
tropin (hCG) (Chorulon, Intervet) and mating with males of the same
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strain overnight. Mice were killed by cervical dislocation. All experi-
ments were approved by The University of Melbourne Animal Ethics
Committee (ID: 1413159.2).

2. Embryo culture

Pronucleate oocytes were collected 22 hours after hCG injection in
G-MOPS PLUS handling medium containing 5 mg/mL of human se-
rum albumin (HSA; Vitrolife, Gothenburg, Sweden), as described pre-
viously [33,34]. Embryos were incubated in G-MOPS PLUS containing
550 IU/mL of hyaluronidase (bovine testes type IV-S) until the cumu-
lus cells were removed, then washed three times in G-MOPS PLUS
and once in preincubated G1 culture medium. Embryos were pooled
and allocated randomly to treatments and cultured in G1 medium
for 48 hours, and then in G2 medium for a further 48 hours. When
media were changed, embryos were washed once in G2 before they
were moved to the culture drop. All embryo manipulations were per-
formed on a SMZ 1500 microscope with a heated stage (Nikon In-
struments, Melville, NY, USA). Embryo development was assessed on
the morning of days 3,4, and 5 of culture (70, 94 and 118 hours post-
hCG). Developmental stages were defined as follows: “compacting,’
the loss of membrane definition between blastomeres; “early blasto-
cyst," the presence of a blastocoel cavity less than half the volume of
the embryo; “blastocyst,’ the presence of a cavity occupying at least
half the volume of the embryo; “expanded,” increased volume of the
blastocyst and thinning of the zona; “hatching,’ the appearance of
cells outside the zona;“fully hatched,” the complete evacuation of the
embryo from the zona [34].

Embryo cultures were performed in 35 mm petri dishes (Falcon
Easy-Grip; Corning Life Sciences, Tewksbury, MA, USA) under paraffin
oil (Ovoil, Vitrolife) in a humidified multi-gas incubator at 37°C (MCO-
5M; Sanyo Electric, Osaka, Japan) in a reduced oxygen environment
(5% O, 6% CO,, and 89% N.). Single embryos were cultured in 2 pL
of medium in 5% oxygen.

Culture media were prepared as described previously [33,34], ex-
cept that choline chloride, folic acid, inositol, nicotinamide, and tau-
rine were omitted from G2. HSA was replaced by 2.5 mg/mL recom-
binant albumin (G-MM, Vitrolife), to eliminate the potential effects of
contaminants inherent in serum albumin [35-37]. All reagents were
obtained from Sigma-Aldrich except for the essential amino acids
(minimal essential medium [MEM] Cellgro; Corning Life Sciences,
Tewksbury, MA, USA) and hyaluronan (0.125 mg/mL, Vitrolife). All
chemicals and plastics were tested in a mouse pronucleate oocyte
bioassay prior to use [38].

3. Differential staining

Blastocyst cell allocation to the inner cell mass (ICM) or trophecto-
derm (TE) was determined using a differential staining protocol
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[39,40]. All procedures were performed at 37°C. Blastocysts were
washed in G-MOPS PLUS between all steps except the last, and all re-
agents were obtained from Sigma-Aldrich unless specified. Simple
G1 medium without non-essential amino acids, alanyl glutamine,
taurine, or HSA, containing 4 mg/mL of polyvinylpyrrolidone was
used to dilute 2,4,6-trinitrobenzenesulfonic acid (TNBS) and anti-di-
nitrophenyl antibody.

Blastocysts were incubated in 0.5% pronase until the zona was no
longer visible, then in 0.5% TNBS for 10 minutes. Blastocysts were
then transferred to 10% rabbit anti-dinitrophenyl antibody for 10
minutes, and then to guinea pig serum (IMVS, Adelaide, Australia) di-
luted by 50% in 0.02 mg/mL propidium iodide in G-MOPS, until bleb-
bing of the cell membranes was observed. The final step was incuba-
tion in 0.1 mg/mL of bisBenzimide (Hoechst 33258) in G-MOPS and
10% ethanol for 20 minutes. Blastocysts were then washed briefly
and mounted in glycerol on a glass microscope slide. Images were
captured on an Eclipse TS100 inverted fluorescent microscope with a
DS-Fi1 camera and digital sight control unit (Nikon Instruments).
Cells were counted using ImageJ (U.S. National Institutes of Health,
Bethesda, MD, USA; http://imagej.nih.gov/ij) with the cell counter pl-
ugin. The number of ICM cells divided by the total number of cells
per blastocyst was defined as %ICM.

4.1L-6 dose response

Recombinant mouse IL-6 (Life Technologies, Carlsbad, CA, USA) or
human IL-6 (R&D Systems, Minneapolis, MN, USA) was added to both
media (G1 and G2) in a dose-response experiment at 0.01, 0.1, 1, 10,
and 100 ng/mL. Embryos were stained at 118 hours post-hCG.

5. Statistical analysis
All tests were conducted in SPSS ver. 22.0 (IBM Corp., Armonk, NY,
USA) and differences were considered statistically significant when
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p <0.05. Percentage data were compared by Yates' corrected chi-
square test. Comparison of means was conducted by general linear
model univariate analysis with replicate as a random factor. Multiple
comparisons were performed with the least significant difference
test to compare each treatment with the control.

Results

1. Murine IL-6

The addition of rmIL-6 had no effect on embryo development on
day 3 (Figure 1A). On day 4, 10 ng/mL of rmIL-6 increased the num-
ber of embryos that had reached the blastocyst stage compared to
the control (96% vs. 81%, p=0.01), due to an increase in hatching
(54% vs. 31%, p<0.01) (Supplement 1), but the effect of other doses
was not statistically significant. On day 5, more embryos were hatch-
ing or fully hatched when cultured with 0.01 or 10 ng/mL of rmIL-6
compared to the control (93% and 93% vs. 78%, p < 0.05), but the in-
crease in hatching caused by 0.1 or 1 ng/mL was not statistically sig-
nificant (90%, p < 0.07).

Media supplementation with rmIL-6 increased the total number of
cells in blastocysts when the dose was 0.1 ng/mL compared to the
control (101.95+3.36 vs. 91.31 +3.33, p<0.05) (Figure 1B), whereas
the highest dose of 100 ng/mL decreased the total number of cells
(79.86 +3.29, p <0.05). This decrease was also observed in the ICM
(14.45+1.21 vs. 17.83£1.16, p < 0.05). The %ICM was decreased by
0.01 ng/mL of rmIL-6 but not by any other dose (15.9% +0.9%,
p<0.05).

2.HumanIL-6

There was no effect of recombinant human IL-6 (rhIL-6) on embryo
development on days 3-5, except that more embryos reached the
expanded blastocyst stage or beyond on day 4 after addition of 1 or
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Figure 1. Supplementation of individual mouse embryo culture with recombinant mouse IL-6. (A) Bars represent the proportion of embryos
that reached the indicated developmental stage or beyond on each day of culture (70, 94, and 118 hours post-hCG). (B) Bars represent cells per
blastocyst (mean + SEM). Embryos were stained at 118 hours post-hCG. n=70-73 per treatment, 5 replicates. TE, trophectoderm; ICM, inner
cell mass; IL, interleukin; hCG, human chorionic gonadotropin; SEM, standard error of the mean. ?p < 0.05 compared to control.
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Figure 2. Supplementation of individual mouse embryo cultures with recombinant human IL-6. (A) Bars represent the proportion of embryos
that reached the indicated developmental stage or beyond on each day of culture (70, 94, and 118 hours post-hCG). (B) Bars represent cells per
blastocyst (mean + SEM). Embryos were stained at 118 hours post-hCG. n=75-79 per treatment, 6 replicates. TE, trophectoderm; ICM, inner
cell mass; IL, interleukin; hCG, human chorionic gonadotropin; SEM, standard error of the mean. ?p < 0.05 compared to control; ?p=0.051 com-

pared to control.

100 ng/mL compared to the control (84% and 85% vs. 70%, p < 0.05)
(Figure 2A, Supplement 2).

There was no significant effect of rhiL-6 on the total cell number of
blastocysts or the number of TE cells (Figure 2B); however, the num-
ber of cells in the ICM was higher when 100 ng/mL of rhiL-6 was add-
ed to the media compared to the control (23.0£1.5vs. 19.6+1.4,
p=0.051). In addition, the %ICM was increased by culture with 0.1, 1
or 100 ng/mL of rhIL-6 (19.5% % 1.0% vs. 22.9%+ 1.1%, 23.3%+ 1.1%,
23.1% =+ 1.1%, p <0.05), but not 10 ng/mL (20.8% + 1.1%).

Discussion

The lower doses of murine IL-6 appeared to promote the develop-
ment of mouse embryos. The mean total cell numbers were approxi-
mately 12% higher after supplementation with 0.1 ng/mL of rmIL-6,
but not other doses of rmIL-6. Supplementation between 0.01 and
10 ng/mL also increased the hatching rate on days 4 and/or 5. In con-
trast, the highest dose of 100 ng/mL of rmIL-6 reduced total cell
numbers by approximately 13% compared to the control, particular-
ly in the ICM.

These results contrast with those of Shen et al. [25], who reported
that supplementation with 100 ng/mL of rmIL-6 resulted in an in-
crease in blastocyst cell number, TE, and ICM compared to the con-
trol. The experiments by Shen et al. were conducted in 20% oxygen
rather than 5%, and using M16 medium, which lacks amino acids;
therefore, the embryos would have been under considerably more
stress than in our experiments. The authors did not state whether the
embryos were cultured in groups or individually, nor did they specify
the media volume used. It is likely that these culture conditions influ-
enced the optimal dose of rmiL-6. Another study by Desai et al. [41]
found that 0.5 ng/mL of IL-6 increased the hatching rate, and that 1
ng/mL increased both the blastocyst rate and hatching rate. The ac-
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tivity of these lower doses is more consistent with our results for
mouse IL-6, possibly because these authors cultured embryos in
a-MEM, which contains amino acids, and a plasma protein supple-
ment that may have contained many other active molecules. How-
ever, culture was still performed under 20% oxygen and the authors
neither specified if the embryos were cultured in groups or individu-
ally, nor indicated the media volume used. Importantly, the authors
also did not specify whether mouse or human IL-6 was used.

IL-6 acts on cells by binding transmembrane IL-6R or soluble IL-6R,
which then forms a complex with another transmembrane protein,
gp130 (reviewed in [18]). This then triggers a diverse range of possi-
ble intracellular signaling cascades. The classic signaling pathway be-
gins with the activation of Janus kinases (JAK) and STAT3, but Src-
family kinases, PI3K/AKT and Ras/MAPK signaling cascades can also
be activated by IL-6. These signaling cascades regulate a wide variety
of genes involved in survival, invasion, angiogenesis, differentiation,
apoptosis regulation, paracrine signaling, and cell cycle control [18].

These actions of IL-6 depend on cell type and environment, and lit-
tle is known about the intracellular pathways activated by IL-6 in in
vitro cultured mammalian embryos. Shen et al. [25] found that in
mouse blastocysts, exogenous IL-6 appears to act via the classical
pathway (i.e., activation of STAT3), which increases miRNA-21 expres-
sion, and consequently upregulates anti-apoptotic Bcl211. Our obser-
vation that IL-6 increased cell numbers may be due to this suppres-
sion of apoptosis, but some apoptosis is a necessary part of blasto-
cyst development [42], so further investigation is required to deter-
mine whether higher cell numbers are indicative of more viable em-
bryos or the survival of abnormal cells.

The possibility that the observed increase in cell number is due to
IL-6 stimulating cell proliferation has not yet been investigated. Like-
wise, it is uncertain whether the changes in lineage determination
we observed occurred because of JAK/STAT3 signaling, which influ-
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ences Nanog, Sox2 and Oct3/4 (as observed in porcine blastocysts
[32]), or by another mechanism.

Exactly how IL-6 causes the observed increase in blastocyst hatch-
ing is also uncertain; it may plausibly be due to the increased number
of cells, or there may be a more direct mechanism. Blastocyst hatch-
ing in vitro occurs due to pressure from the expanding blastocoel cav-
ity combined with zona-thinning protease secretion [43,44]. This pro-
tease secretion may be stimulated by growth factors and cytokines
[45]; for example, matrix metalloproteinase secretion in blastocyst
outgrowths is upregulated by leukemia inhibitory factor (LIF) [46], a
member of the IL-6 family. It is likely this occurs through STAT3 signal-
ing [47], and IL-6 may act in a similar way.

Human IL-6 has only 42% amino acid sequence homology with
mouse IL-6 [30], and has less affinity for the murine receptor than mu-
rine IL-6 [31]. Interestingly, the effects of rhiL-6 on mouse embryos
were different from the effect of rmiL-6 in this study. No increase in
the total cells or hatching rate was observed, and instead rhlL-6 in-
creased the %ICM. This finding was unexpected, as rhiL-6 was pre-
dicted to have the same effects as rmlIL-6, but higher doses would be
required. Increased %ICM is indicative of embryo viability, so there
appears to be some cross-species benefit of IL-6, but possibly through
a different mechanism than rmiL-6.

These data show that IL-6 improves the development of individual-
ly cultured mouse embryos in optimal culture conditions. However,
the mechanism, efficacy, and safety of IL-6 should be thoroughly in-
vestigated in animal models before testing on human embryos, in-
cluding studies on fetal and placental development. IL-6 joins a long
list of cytokines and growth factors that have embryotrophic proper-
ties in vitro (reviewed in [12]). Potentially a combination of these
could be used to supplement culture media, but understanding the
consequences of multiple interactions between these molecules is
the challenge we now face.
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