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Summary

In vitro studies suggest that maternal hyperglycemia insult impairs the early embryogenesis in
the preimplantation period. In this paper, we show that streptozotocin given at birth day of life
or in adulthood of rats caused hyperglycemic state. Regardless of hyperglycemic intensities
(mild or severe diabetes), the embryos of these dams presented development retardation and
decreased development competence. Apoptosis was detected using terminal dUTP nick end
labeling (TUNEL) assays, and the morulas from mild and severe diabetic rats have a higher
incidence of apoptotic cells than control embryos. Tumor necrosis factor-alpha, a cytokine
whose synthesis is up-regulated in the diabetic uterus, did not alter the incidence of TUNEL-
positive nuclei. The glycemic intensity is related with the increased in the apoptosis indexes
in morulas. On the other hand, dams with hyperglycemia, regardless of the glycemic intensity
and of the tumor necrosis factor-alpha level presented preimplantation embryos with
development retardation and increase of non-viable preimplantation embryos, suggesting that
the presence of the hyperglycemia leads to a decreased competence development of

preimplantation embryos.

Keywords: diabetes, rat, pregnancy, embryo, tumor necrosis factor — alpha, apoptosis.



Introduction

In the presence of diabetes, metabolic disorders affect essential process in the
homeostasis regulation. During pregnancy, alterations in maternal metabolism modify the
intrauterine environment (Holemans et al., 2003). With this, newborns of diabetic women
have increase of congenital malformations, preterm birth and neonatal or perinatal mortality
(Balsells et al.,, 2009). Experimental studies investigating the effects of maternal
hyperglycemia at term pregnancy have shown increased rates of embryonic losses and
malformations (Saito et al., 2010; Damasceno et al., 2011). Some investigators suggest that
adverse outcomes are due a possible maternal hyperglycemia insult in the zygote during
preimplantation period. Wyman et al. (2008) showed that in vivo metabolic changes, before
implantation and in early developmental stages, can impair the growth. In vitro studies
suggest that abnormal energetic metabolism associated to hyperglycemia impairs the early
embryogenesis in the preimplantation period (Moley, 2001; Fraser et al, 2007; Pampfer et al.,
1997). Recent data demonstrated that malformation index is higher when one-cell zygote or
blastocysts are transferred from severe diabetes dams to non-diabetic mouse, indicating that
hyperglycemia presence during first 24 hours after fertilization already alters the embryonic
development in the preimplantation period (Wyman et al., 2008). In addition, embryos culture
in high glucose concentrations results in morphological, cellular and biochemical alterations.
These embryos presented a rise in nuclear fragmentation index and apoptosis incidence
(Pampfer et al., 1997; Vercheval et al., 1990; De Hertogh et al., 1991; Moley et al., 1998).

It is known that tumor necrosis factor-alpha TNF-alpha) is a cytokine upregulated in
diabetic uterus and this condition inhibits the growth of the blastocysts in vitro to stimulate
cellular apoptosis and to reduce cellular proliferation. Thus, the inappropriate liberations of
TNF-alpha can induce early embryopathy associated to maternal diabetes (Pampfer 2000). On
the other hand, Sinzato et al. (2011) showed that even though plasmatic levels of TNF-alpha
remained unchanged during mild diabetic pregnancy, the rate of embryonic loss was higher at
term. It suggests that TNF-alpha plasmatic concentrations did not directly reveal the
consequences of the hyperglycemia.

Since TNF-alpha is a pro-apoptotic factor upregulated in diabetic uterus, we
hypothesized that the developmental competence of early embryos can be dependent of the
maternal glycemic levels. Therefore, the purpose of this investigation was to evaluate the
influence of hyperglycemia at different intensities on the developmental competence of early

embryos.



Materials and Methods

Animals and experimental groups

Sprague-Dawley rats (200-220g, n=30) were obtained from State University of
Campinas (UNICAMP), Séo Paulo State, Brazil, randomly divided into 3 experimental
groups: mild or severe diabetes and control. Animals were maintained under controlled
temperature (22 = 2°C) and lighting (12h light/12h dark cycle), and were allowed to have free
access to food and water. Animals were treated in accordance with the Brazilian College of
Animal Experimentation, and authorized by the Ethics Committee for Animal Research of our

University (Brazil).

Diabetes induction

Severe diabetes (SD) was induced by a single intraperitoneal injection of
streptozotocin (STZ — Sigma Chemical Company, St. Louis, Millstone, USA), at a dose of 50
mg/kg (0.1 M, pH 4.5) in adult life (90 days of life) (Yalcin et al., 2007). To obtain mild
diabetes (MD), on day of birth (day 0), female newborn (NB) received a STZ injection
subcutaneously administered at a dose of 100 mg/kg. Control animals received an equal
volume of citrate buffer. NB remained with their mothers until day 21 of life (weaning
period). Glucose tolerance test (GTT) was applied to assess the development of altered
glucose metabolism and used as a criterion to maintain the rats in the respective groups (data
not shown) (Sinzato et al., 2011).

Mating and pregnancy

In adult life, SD, MD and control female rats were mated overnight with non-diabetic
male rats. The morning when spermatozoa were found in the vaginal smear was designated
gestational day 0 (DO0). After mating the females were kept in individual cages and blood
glucose level was measured on DO and D3 in the afternoon. Blood glucose concentrations
were measured by a One-Touch Ultra glucosimeter (Life Scan, Johnson and Johnson®) and
the values were expressed in mg/dL. In addition, GTT was performed on D3 to confirm the
diabetic status during pregnancy (Sinzato et al., 2011). After an overnight fasting of 12 hours,
glucose solution (200g/L) was administered into the stomach of the rats through a gastric
catheter, at a final dose of 2g/kg body weight. Blood samples were obtained from a cut tip tail

for glycemic determinations (glucose oxidase) at 0, 10, 20, 30, 60 and 120 minutes



(Campos et al., 2007 modified). Glucose responses during the GTT were evaluated by

estimation of the total area under the curve (AUC), using the trapezoidal method (Tai, 1994).

Embryos collection and blood samples

At D4 the dams were given an overdose of sodium pentobarbital (Hypnol® 3%) for
laparotomy and collection of blood samples. The blood samples were processed to obtain
serum for TNF-alpha determination. This measurement was performed using specific kits to
Immunoassay System (IMMULITE®). The uterus was removed between the hours 8:00 to
11:00h, and the blastocysts were collected by flushing the uterine horn with 1mL of
saline/horn. The recovered embryos were counted and observed under a phase-contrast
microscope to reveal any morphological abnormalities. The embryos were classified as
anomalous when presented morphological alterations such as: disarrangement or no
compactness of the blastomeres, irregular shape of the blastomeres large variation in cell size

when compared with the control group (Damasceno et al., 1999).

Terminal transferase-mediated dUTP nick end labeling (TUNEL)

Embryos collected were submitted to the TUNEL reaction (In Situ Cell Death
Detection Kit with Fluorescein, Roche®, Mannheim, BW, Germany), according to the
technique adapted by Paula-Lopes and Hansen (2002). In summary, embryos were fixed and
permeabilized. A positive control was performed by treating samples with 1 1U/uL of DNase
(Promega Company, Madison, WI, USA). All samples were incubated in micro-drops of the
TUNEL Kit containing 10% of the enzymatic solution (deoxinucleotidil terminal transferase
enzyme) with 90% of the marking’ solution (2-deoxyuridine '5 -triphosphate-
dUTP+fluorescein isothiocyanate-conjugated-FITC) for 1h in a humid chamber at 37°C in the
dark. The negative control was incubated in micro-drops containing only marking solution.
After washing, control and experimental samples stained with Hoechst 33342 were mounted
in glycerol on histological slides and observed under a fluorescence microscope. Nuclei with
green fluorescence (FITC) were considered TUNEL positive (fragmented DNA). Hoechst
33342 stained all healthy and apoptotic cells, based on the presence of blue fluorescence.

Statistical analysis
Gamma and Poisson distributions were performed when the data presented no
homogeneous distribution (Gauss curve) such as blood glucose level, GTT, TNF-alpha



determination and mean number of cell per embryo. For comparison of the embryo

development stage and TUNEL labeling cell among the groups, Chi-square test was applied.



Results

On days 0 and 3 of pregnancy, there was a significant increase in the mean glycemia
values of both mild and severe diabetic rats compared with those of control rats (Figure 1).
The mild diabetic group presented increased glycemic values at all timepoints measured in the
GTT compared with those of control group (Figure 2A). The AUC of mild diabetic rats was
higher in relation to that found in the control group (Figure 2B). In our lab, previous studies
with severe diabetes showed that this group presented elevated glycemic levels and alteration
at all timepoints (glycemia > 400 mg/dL) in the GTT and the AUC was increased compared
with those of control and mild diabetic groups (lessi, 2012). Subsequently, GTT and AUC
were not applied in SD group in this work.

Regarding embryo developmental stages on day 5 of pregnancy (D4), we observed an
increased number of morulas and embryos classified as non-viable in both diabetic groups
(MD and SD) compared with those of control group. Furthermore, there was reduction in
percentage of blastocysts in MD (17.1%) and SD (14.1%) groups compared with those of
control group (59.0%) (Table 1).

The comparison among mean of cell total number in morulas of control, mild and
severe diabetic rats D4 showed that both diabetic groups (MD and SD) presented decrease in
this variable compared with that of control group. In addition, morulas recovered of SD group
presented statistically reduced mean of cell total number compared with those of morulas
recovered from MD group (Figure 3A).

The occurrence of cell death was analyzed using a technique that allowed for the
detection of fragmented DNA (TUNEL-positive nuclei). In morulas from MD group we
observed increase in TUNEL-positive nuclei index (34.6%) compared with that of control
group (19.6%). Morulas from SD group showed TUNEL-positive nuclei index approximately
fourfold higher in relation to that of control group. This index was also statistically increased
in the SD group (77.6%) compared with that of MD group (34.6%) (Figure 3B and Figure 4)

The TNF-alpha level was increased in the SD group (4.7 pg/mL) compared with that
of control group (1.06 pg/mL). No change in TNF-alpha level was observed between MD and

control groups (Figure 5).



Discussion

Our results show that the glycemic levels observed in the study rats during early
pregnancy were compatible with the severe and mild diabetes. The mild diabetes group
presented glycemic values ranging from 120 to 300 mg/dL, while the severe diabetic group
showed higher levels of hyperglycemia, in agreement with our previous studies (Sinzato et al.,
2011; Damasceno et al., 2011) and others (Wentzel et al., 2008; Jawerbaum et al., 2005).

Glucose intolerance during early pregnancy was confirmed by GTT and AUC values.
The rats with mild diabetes presented glycemic levels > 140 mg/dL at least at two timepoints.
Previous studies carried out at our laboratory showed that GTT glycemic values were
higher(> 400mg) in the severe diabetic group at all timepoints indicating not only glucose
intolerance but also diabetes.

In both diabetic groups, the number of preimplantation embryos at morula stage was
increased while the mean number of blastocysts was decreased, characterizing development
delay. Moreover, as the number of embryos classified as non-viable increased, embryonic
viability dropped.

Fraser et al. (2007) demonstrated that there is an inverse association between in vitro
glucose levels and the number of expanded and hatching blastocysts, supporting the
hypothesis that hyperglycemia impairs early embryogenesis in the preimplantation period
resulting in embryonic loss (Moley, 1999; Wyman et al., 2008; Fraser et al., 2007).

A large number of in vitro studies have shown a relationship between high glycemia
and impaired embryonic development. However, in this in vivo study, glycemia presence
rather than glycemia intensity (mild or severe diabetes) had influence on the preimplantation
embryo development delay and the incidence of embryos classified as non-viable.

Pampfer et al. (1997) showed a decreased total number of cells in blastocysts exposed
to high glucose concentrations and/or TNF- alpha in vitro due to higher apoptosis indexes. In
this study, the mean total number of cells per morula was reduced in both diabetic groups, but
more markedly in the severe diabetic group. Furthermore, there was a decrease in cell number
in preimplantation embryos exposed to intermediate levels of maternal hyperglycemia
regardless of maternal TNF- alpha levels. The apoptosis index was much higher in the severe
diabetic group than in the mild diabetic group. These findings are in line with those obtained
in vitro where blastocysts were subjected to high glucose concentrations (Shen et al., 2009;



Leunda-Casi et al., 2002). Contrarily to Fraser et al. (2007), our study demonstrated that
apoptosis rates in morulas increased with maternal glycemic levels, suggesting that embryonic
cell viability is related to hyperglycemia intensity in vivo. On the other hand, serum TNF-
alpha levels in dams with mild diabetes did not differ from those in the control group. No
association was observed between the levels of this cytokine and apoptosis rates, suggesting
that TNF-alpha levels in the maternal serum do not reflect the changes that occur at this stage
of embryonic development. These results are in agreement with Sinzato et al. (2011), who
found that although mild diabetic dams showed no alterations in TNF-alpha maternal plasma
concentrations, there was increase in embryonic loss and decrease in the rate of live fetuses at
the end of the pregnancy.

TNF- alpha has been demonstrated to be upregulated in the uterus of rats with higher
hyperglycemia levels (> 300 mg/dL — severe diabetes) (Pampfer et al., 1997). However, the
increased levels observed in this study did not correlate also with the high number of embryos
that were non-viable or showed development delay. Kawamura et al. (2007) demonstrated
that preimplantation embryos present stage-selective susceptibility to the detrimental effect of
TNF-alpha, and that the high expression of the receptor TNFrl occurs at the expanded
blastocyst stage. Thus, they are less sensitive to high concentrations of TNF-alpha during
earlier developmental stages such as two-cell, morula and young blastocyst. This may explain
the lack of correlation between TNF-alpha levels and the impaired embryonic development
observed in this investigation.

No correlations were found among glycemia, TNF-alpha levels and developmental
stage in all study groups (data not shown), suggesting that other hyperglycemia-derived
factors, such as the exacerbation of oxidative stress, may be involved. Increase in apoptotic
events and impaired embryonic development are known to be associated with violations of
the oxidant/antioxidant balances by high glucose concentrations (Eriksson et al., 2003, 1993;
Zangen et al., 2002). Within this framework, it is noteworthy that Sivan et al. (1997) found
that superoxide dismutase activity in 11.5-day-old embryos from STZ induced diabetic rats
was reduced in those with neural tube defects, and normal in the embryos without neural tube

defects.
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Conclusion

In contrast to in vitro models, in vivo experimentation allowed us to investigate the influence
of maternal hyperglycemia and several hyperglycemia-derived factors on early embryo
development levels integrally. Our results show that rates of apoptosis in morulas associated
with hyperglycemic intensity, whereas preimplantation embryo development delay and
increase in the number of non-viable preimplantation embryos associated with diabetes;

regardless of hyperglycemia intensity and TNF-alpha levels

Acknowledgements

The authors are thankful to the staff of the Laboratory for Experimental Research in
Gynecology and Obstetrics, specially to Talisia Moretto, for the excellent technical and
scientific contribution. They are also thankful to the Research Support Center (GAP) of the
Botucatu Medical School — Unesp for assistance with statistical analyses and to Department
of Animal Reproduction and Veterinary Radiology, School of Veterinary Medicine and
Animal Science. This study was supported by grants from FAPESP/Brazil (Fellowship
Process Number 2009/13416-5) at Aline Bueno, as part of her thesis.

11



References

Balsells, M., Garcia-Patterson, A., Gich, 1. and Corcoy, R. (2009).
Maternal and fetal outcome in women with type 2 versus type 1 diabetes mellitus:

a systematic review and meta-analysis. J Clinical Endocrinol Metab.94, 4284-4291.

Damasceno, D. C. and Lemonica, I. P. (1999). Embryotoxicity and anti-implantation
effects of rosemary (Rosmarinus officinalis L.) extract in pregnant rats within

preimplantation period. Rev Bras Toxicol.12, 47-54.

Damasceno, D. C., Sinzato, Y. K., Lima, P. H., de Souza, M. S., Campos, K. E.,
Dallaqua, B., Calderon, I. M., Rudge, M. V. and Volpato G. T. (2011). Effects of
exposure to cigarette smoke prior to pregnancy in diabetic rats. Diabetol Metab Syndr.18, 3-
20.

De Campos, K. E., Sinzato, Y. K., Pimenta, W. de P., Rudge, M. V. and
Damasceno, D. C. (2007). Effect of maternal obesity on diabetes development in adult rat
offspring.Life Sci.81, 1473-1478.

De Hertogh, R., Vanderheyden, I., Pampfer, S., Robin, D., Dufrasne, E. and
Delcourt, J. (1991). Stimulatory and inhibitory effects of glucose and insulin on rat

blastocyst development in vitro. Diabetes.40, 641-647.

Eriksson, U. J. and Borg, L. A.H. (1993). Diabetes and embryonic malformations.
Role of substrate-induced free oxygen radical production for dysmorphogenesis in cultured
rat embryos. Diabetes.42, 411-419.

Eriksson, U. J., Cederberg, J. and Wentzel, P. (2003). Congenital malformations in
offspring of diabetic mothers—animal and human studies. Rev Endocr Metab Disord.4, 79-93.

Fraser, R. B., Waite, S. L., Wood, K. A. and Martin, K. L. (2007). Impact of
hyperglycemia on early embryo development and embryopathy: in vitro experiments using a

mouse model. Hum Reprod.22, 3059-3068.
12



Holemans, K., Aerts, L. and Van Assche, F. A. (2003). Fetal growth restriction and

consequences for the offspring in animal models. Soc Gynecol Invest.10, 392-399.

lessi, I. L. Influencia do meio hiperglicémico no meio intrauterino em diferentes fases
da vida de descendetes ratas [dissertation]. Botucatu: Medical School, University Estadual
Paulista, Unesp, Brazil; 2012.

Jawerbaum, A., Higa, R., White, V., Capobianco, E., Pustovrh, C., Sinner, D.,
Martinez, N. and Gonzalez, E. (2005). Peroxynitrites and impaired modulation of nitric
oxide concentrations in embryos from diabetic rats during early organogenesis.
Reproduction.130, 695-703.

Kawamura, K., Kawamura, N., Kumagai, J., Fukuda, J. and Tanaka, T. (2007).
Tumor Necrosis Factor Regulation of Apoptosis in Mouse Preimplantation Embryos and Its
Antagonism by Transforming Growth Factor Alpha/Phosphatidylionsitol 3-Kinase Signaling
System. Biol Reprod.76, 611-618.

Leunda-Casi, A., Genicot, G., Donnay, I., Pampfer, S. and De Hertogh R. (2002).
Increased cell death in mouse blastocysts exposed to high D-glucose in vitro: implications of

an oxidative stress and alterations in glucose metabolism. Diabetologia.45, 571-579.

Moley, K. H. (1999). Diabetes and preimplantation events of embryogenesis. Semin
Reprod Med.17, 137-151.

Moley, K. H., Chi, M. M. Y., Knudson, C. M., Korsmeyes, S. J and Mueckler M.
M. (1998). Hyperglycemia induces apoptosis in pre-implantation embryos through cell death

effector pathways. Nat Med.4, 1421-1424.

Pampfer, S. (2000). Peri-implantation embryopathy induced by maternal diabetes. J
Reprod Fertil Suppl.55, 129-1309.

13



Pampfer, S., Vanderheyden, 1., McCracken, J. E., Vesela, J. and De
Hertogh, R. (1997). Increased cell death in rat blastocysts exposed to maternal diabetes in

utero and to high glucose or tumor necrosis factor-a in vitro. Development.124, 4827-4836.

Paula-Lopes, F. F. and Hansen, P. J. (2002). Heat shock-induced apoptosis in
preimplantation bovine embryos is a developmentally regulated phenomenon. Biol Reprod.66,
1169-1177.

Saito, F. H., Damasceno, D. C., Kempinas, W. G., Morceli, M., Sinzato, Y.
K., Taylor, K. N.and Rudge, M. V. C. (2010). Repercussions of mild diabetes on
pregnancy in Wistar rats and on the fetal development. Diabetol Metab Syndr.2, 26-34.

Shen, X. H., Han, Y. J, Yang, B. C., Cui, X. S. and Kim N. H. (2009).
Hyperglycemia reduces mitochondrial content and glucose transporter expression in mouse
embryos developing in vitro. J Reprod Dev.55, 534-541.

Sinzato, Y. K., Damasceno, D. C., Laufer-Amorim, R., Rodrigues, M. M. P,
Oshiiwa, M., Taylor, K. N. and Rudge, M. V. C. (2011). Plasma concentrations and
placental immunostaining of interleukin-10 and tumor necrosis factor-a as predictors of
alterations in the embryofetal organism and the placental development of diabetic rats. Braz J
Med Biol Res.44, 206-211.

Sivan, C. M. and Eriksson, U. J. (1997). Vitamin C supplementation of the maternal
diet reduces the rate of malformation in the offspring of diabetic rats. Diabetologia.40, 1416—
1424,

Tai, M. M. A mathematical model for the determination of total area under glucose
tolerance and other metabolic curves. (1994). Diabetes Care.17, 152-154.

Vercheval, M., De Hertogh, R., Pampfer, S., Vanderheyden, 1., Michiels, B., De
Bernardi, P. and De Meyer, R. (1990). Experimental diabetes impairs rat embryo
development during the pre-implantation period. Diabetologia.33,187-191.

14



Wentzel, P., Géareskog, M. and Eriksson, U. J. (2008). Decreased cardiac
glutathione peroxidase levels and enhanced mandibular apoptosis in malformed embryos of
diabetic rats. Diabetes.57, 3344-3352.

Wyman, A., Pinto, A. B., Sheridan, R. and Moley, K. H. (2008). One-cell zygote
transfer from diabetic to nondiabetic mouse results in congenital malformations and growth
retardation in offspring. Endocrinol.149, 466-469.

Yalcin, O., Ustiindag, S., Sen, S., Usta, U., Huseyinova, G., OzPuyan, F., Kutlu,
K. and Tudan, M. (2007). The effects of enalapril and irbesartan in experimental diabetic
nephropathy. Pharm Biotechnol.21, 366-371.

Zangen, S. W., Yaffe, P., Kohen, R. and Ornoy, A. (2002). The role of reactive

oxygen species in diabetes-induced anomalies in embryos of Cohen diabetic rats. Int J Exp
Diabetes Res.3, 247-255.

15



700

o = "
E *
‘Enﬁﬂﬂ- *J
5 3500 -
E 400
o m DO
§3m}- % D3
g’mu 0
et .
0 . -
C MD SD

Figure 1. Blood glucose level during early pregnancy (day 0 and day 3) of mild (MD) and severe (SD) diabetic
and control (C) groups. Data were reported as mean + standard deviation.*p<0.05 — compared with C group;

#p<0.05 — compared with MD group (Gamma distribution).
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Figure 2. Oral glucose tolerance test (GTT — Figure A) and the under the curve area (AUC — Figure B) of mild

diabetic (MD) and control (C) groups on day 3 of pregnancy. Data were reported as mean + standard deviation.

*p<0.05 — compared with C group (Gamma distribution).
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Table 1. Developmental stages of rat early embryos recovered on D4 of mild (MD) and severe (SD) diabetic and

control (C) groups

C MD SD
(n=13) (n=13) (n=13)
Embryos recovered 100 88 99
Morulas 30/100 46/88* 48/99*
(30.0) (52.2) (48.4)
Blastocysts 59/100 15/88* 14/99*
(59.0) (7.2 (14.1)
Non-viables embryos 11/100 27/88* 36/99*
(11.0) (30.7) (36.3)

Data were reported as mean + standard deviation.
*p<0.05 — compared with C group (Chi-Square test)
(Percentage the early embryos analyzed)
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Figure 3. Mean of total number of cell (A) and TUNEL labeling cell (B) of morulas recovered on D4 of mild
(MD) and severe diabetic (SD) and control (C) groups. Data were reported as mean * standard deviation *p<0.05

— compared with C group; *p<0.05 — compared with MD group (Figure 4A — Poisson distribution; Figure 4B -
Chi-Square test).
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Figure 4. TUNEL staining in of morulas recovered on D4 of control, severe and mild diabetic groups. Arrows

indicate TUNEL-positive nuclei in different groups.

20



Serum TNF-a (pg/mL)
=

C MD SD
Figure 5. Serum TNF-alpha levels of mild (MD) and severe diabetic (SD) and control (C) groups. Data were

reported as mean + standard deviation. *p<0.05 — compared with C group; “p<0.05 — compared with MD group

(Gamma distribution).
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MANUSCRIPT PREPARATION GUIDELINES

PAPER-SPECIFIC PUBLISHING CRITERIA

Criteria for stem cell papers

Development welcomes and encourages the submission of stem cell papers that offer new ingights inin the cells, pathways or molecules invalved in
self-renewal, cell fare specification, differentiation, regencration and reprogramming. Stem cell bology papers need not be limited 1o developing organismes.
Development will also consider reports of technical advances in stern cell identification and manipulation, Reports of in vitro differentiation protocols are
welcome but these studies should be based on or should provide insight into molecular mechanisms, and the reported protocols should demonstrate
elficiency, mbustness and reproducibility across several independent stem cell lines or cultures.

Criteria for technical papers

Technical papers should describe a novel technigue, or a substintial sdvance of an existing technigue, that will have a significant impact on developmental
hiology research. OF pamicular interest are papers describing: new methods for the live imaging of cellular processes, single cells or whole argans during
different stages of development in an experimental arganism; new penetic techniques for the analysis of in viva gene function; and new approaches for
studying stem cells during development, in adult organs and during regeneration, The new technique should be described in sufficient detail to be easily
replicated in other laboratories, and validation of the approach should be included. Technical papers can be in short (Research Report) or long (Research
Article) format, Papers that sre submitted m the Research Article formut should include an application of the technigue e an area of developmental biology.
inclwding adult stem cells and regenemtion,

Criteria for papers reporting resulls of screens

Where a study invalves a genome-wids or high-throsghput screen, authors need wo provide addifional and novel insight into the functions of the identificd
targets by either verifying at least one target such that it is shown to be a crucial functional component of the network or phenotype of interest, or ta use the
dista to make system-wide predictions about how the transcriptional petwork acts. Experiments should ideally be performed 1o test these predictions where it
15 feasible to do so.

EDITORIAL POLICIES CONCERNING MANUSCRIPT PREPARATION
Experimental subjects

Authors must name the committéais) that have approved experiments involving human subjects or human tissue in the Materials and Methods section of their
paper and include with their submission a statement to confirm that informed consent was obtained from all subjects or tissue donors, For work involving
human egpes or embryos, any financial recompense 1o donors must be declared. For research invalving live ventehrates and higher invenehrates, experimonts
muist comply with all relevant institutional and national animal welfare laws, guidelines and policies. The comesponding author will be asked 1o confirm this
at submission, and a statement confirming that experiments conform to the relevant regulatory standands is required in the Matenials and Methods section of a
paper.

Reagents

Please note that by publishing in Developmenr, it is understood that authors are prepared 1o make available o their qualified academic colleagues, in a timely
manner amd with minimal restrictions, the materials or specialized reapents (for example, antibodies or DNA probes) needed to duplicate their research
resulis.

Microarray data

When microwmuy duty ure used W mler global properties of how signalling pathways or tmsenption fetors contrel o developmental process, the microamay
data must be made availuble 1o the revicwers and editors ot the ime of manuseript submission and must be deposited and released in a public repository pnor
tor publication, with the accompanying sccession number cited in the paper.

If a microarray experiment has been used o identify candidate genes potentially involved in a developmental process (such as targets of a signalling pathway
or transeription factor), and if the accompanying paper focuses on one or two identified tanser genes and confirms their implication in the process, then the
microarray data do not need to be deposited and released prior 1o publication, but should be released within six months of publication, A detailed description
of how these data were obtained is still reguired for publication,

When submitting mcroarray data with a paper, please do not submit large row andfor analysed microanmay data files as supplementary data to the journal,
Instead. please submit them to either the Gene Expression Ommibus hitp:/fwww nebinlm.mh.govigeo/ or AmuyExpress hitp:/fwww.ebine ukfamyespress
repositones and supply the jounal with an acoession number and any necessary passwords to enable the reviewers and editors of 8 manusenpt to gecess the
data. Submizsion should be in a MIAME-compliant and widely occessible formut (see hitp:ffwow.mged org Workgroupa/MLAME miame himl for morne
information}. Microarray data files of 10 Mb or less can be submitied to the joumal as supplementary material.

Sequence data

Sequences must be submitted to the EMBL Database Library or GenBank, with a release date corresponding 1o the date of publication. Protein sequences that
have been determined by direct sequencing of the protem must be submitted o SWISS-PROT at the EBLat hitp:/wwwoebn ae uk/swissprot/Submissions
fapin, All seeession numbers should be ncluded in the munusenpt, Expenimental data should be submitted w the appropriste databases, with o release date
cormesponding to the date of publication.

Image manipulation



The adjustment of digital images with computer software is acceptable. However, the final image must remain representative of the originad dits, and the
corresponding author will be asked to confirm this ot submission, Unaceeptoble image manipalotion mcludes the addition, alteration or removal of o
particular feature of an image, and the splicing of multiple images to suggest they represent a single field in a micrograph or gel. Adjustments applied 1o the
whole image are gencrally acceptuble if no specific feature of the origingl dita is obscured as 4 consequence. I evidence of such inappropriste manipulation
is detected, Devedopment will osk for the anginal data o be supphied and_ il necessary, might revoke accepionce of the anticle,

FILE FORMATS

For manuscript text and tables, our prefemed file formt is Microsoft Word (doc), but other word-processing formats can be submitted, M35 Office users:
please save documents in the Word 97-2003 format aoless vour text contains mathematical equations, in which case please submit your article i the docx
format {for more information, see mathematical equation guidelines below), Please also note thar files utilizing OLE {Object Linking and Embedding)
technology to display informution or to embed files are currently not supported by our onling submission system,

GENERAL INFORMATION

= Pleaze prepare manuscripis in English. Your writing should be comprehensible wo editars and reviewers and your writing style should ideally be
concise and sccessible, I English is not your first lunguage, please consider using o langoage cditing service prior o submission, Although
Development does not endorse a particular service, the editorial office can provide authors with information on language editing arganizations.

Tithe - please supply o short tithe of no mone than 40 chormcters, Please moake the title o clear and copecise summory of vour specific Andings and avod
specialist abbreviations.

Plesie also provide theee keywords Tor indexing

Summary - Please provide o briel summury of no more than 250 words and do not melude relerences in ot The summary should: suecinctly and clearly
introduce the topic of the paper; highlight the most important results; and explain any conceptual advances arising from them.

Introfuction - This should seccmetly provide the background mformotion that s reguined o set the results into ther proper biologeal contest, 00 should
ot contain subheadings.

Materials and Methods - This section should include all the necessary detail to onderstand and 1o replicate the experiments performed, in conjunction
with cited references. Thiz section should also include a dezcription of any statistical or mathematical methods thar were used in the gtudy. Pleasze
include primer sequences in this section: if pumerous, please supply together with uny other essentil informution relating to the primers as o
supplementary table.

& Resolis - This section should describecthe results of the experiments perfommed ond con be broken up by subheadings. Please ensune that the distinction
betwern new resolts and published findingsfestiblished facts is clear.

o Diiscussion - This section should explam the sigmificance of the results and should place them ot o brosder context.

s Please note, i Rescarch Reports the Results und Discussion sections should be combined into a single section,

= Foms - use Times for normal charcters and Symbel for Greek characters.,

» Please give Latin names and taxonomic authonty (e.g. Linnaeus) for the experimental species.

o Please provide names and tocations (lown, state, country ) of egquipment suppliers and of anyone who has gifted reagents 1o you.
Please do nol:

& Ulse picture boxes in text fo creaie special chumciers,

« Inzem any figures into the manuseript document.

PREPARING THE TEXT

Please:
o Use 51 omits only, units for time should be sritten oot in foll (doys, howrs, minotes, seconds).
« Detine ubbrevintions the irst tme they wre used in text - uppercase should be typed without stops (USA, UK E lowercuse with stops (w.v.).
« Type o space between a digit and a unit, ¢.g. 1 mm (except %, 4°C).
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& Wse s.e.m, and s, for standard crrors, cle,
v For ions - use Cil'l, e,

» For isstopically labeled compounds- place the symbol for the isotope in square brackets, as in |JH|Th3rmi1Iim‘: if an isotope is part of an element in the

compound. 1f a compound does not normally contain the isetopically labelled element, then use, for example, either "*'1-labelled albumin or

L albumin,

& Cite cach hgure and table in the text in numenical order.
« Ulse Fig. 6AB or Figs 5.9,

« For appendices. number all figures, tables and equations separately from the main text as Fig. Al Table Al Eqn Al e



Please do not:

o lualicize Latin words,

PREPARING MATHEMATICAL EQUATIONS AND SIMULATIONS

« Users of MS Word 2007/2008: Please submit in docx format, as saving (o M35 Word 97-2003 format renders mathematical data as images that cannot
be edited.

« Display equations: Please number all display equations, consecutively. They should rake the form:
AaN= —:.-.J,[rl (0.
n

ani should be created using Word Equation Editor {or MathType): Insert menu > Object = Microsoft Equation (or MathType Equation),

« In-line equations: In-line equations |e.g. v:njm-x}:""] and special characiers must be written a8 normal Word texr, using Symbol font (Insert menu =
Symbal) as appropriate. Special characters that are not available by this methad can be created using Waord Equation Editor.

» TeX/LaTeX: We are currently unable o accept this format, Please use the RTF/MS Word converter to reformat your document. Authors of converted
documents should check them very carelully for loss of characters or styling.

» Mathematical simulations: Mathematical simulations (.2, Mathematica) can be published as supplementary data, Please provide all files necessary to
run the simulation and include appropriate instructions in the legend (for an example, see hitp:/dey biologists orgleontent/ 13701472265 suppl/DC 1),

REFERENCES
Keferences in text
Each reference cited in the text must be listed in the References and vice versa: please check these carefully. Literature citations in text are as follows:
= One author - (Jones, 1995) ar (Jones, 1995; Smith, 1996,
» Two authors - (Tones and Kane, 1994) or (Jones and Kane, 1994; Smith, 1996),
» More than two authors - (Jones et al., 1995 or (Jones et al., 19%95a; Jones et al., 1995b; Smith et al,, 1994; Smith et al., 1995),
» Avoid any additional text within the brackets: this format is necessary for online literature searches.
s Munuscnipts aeeepled for publication butl nol yet published - hst in Beferences s (in press)’.

s Citution of unpublished work: vour own unpublished observations and results submitted for publication should be cited in text only and not in the
reference list, Use the format (5. P Jones, unpublished).

« Personal communications, i.e. the unpublished observations of other scientists, will only be published when substantiated by written permission.

Reference list
» References are listed in alphabetical order according to the sumame and initials of the first anthor,

» Lse the following style:
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o Initials should follow all surnames in the list of authors: insent a full stop and space after each initial and place parentheses roumd the dae followed by a
full stop.

» Use bold for authors' names.

o Within o group of papers with the same first author, Bist single author papers lirst, then papers with two authors, then el al, papers, 15 more thim one
reference exists for each type. armange in dote order. Use o and b for papers published in the same vear.

s If there are more than ten authors, you may use ‘et al.’ after the tenth author,
o 'In press' citations must have been accepted for publication and the name of the jourmal or publisher mcluded.
s Use USA Nationul Standard abbreviations for journals.

Endnote users

Please downlead the Endnote Styles to format your manuscript. Also available is a Journal Terms list (MedlineTerms.ixt), which contains 3372 Medline
Jjournal abhreviations thar can be used in conjunction with these sryles.
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Ciene symbaols should be in italic type. but the protein product of a gene should be in Roman type. Genetic nomenclature should be in accordance with
established conventions and should be approved by the relevant nomenclature curator if applicable.
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