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Supplementary Figures 

Fig. S1. Gene Ontology (GO) network was generated using GOTermFinder for genes significantly 

altered  (P < 0.01) in mouse uteri 24 h after exposure to culture medium conditioned by 

developmentally competent human embryos (DCEs). 

 

Fig. S2. Gene Ontology (GO) network was generated using GOTermFinder for genes significantly 

regulated (P < 0.01) in mouse uteri 24 h after exposure to conditioned media from developmentally 

impaired human embryos (DIEs).  

 

Fig. S3. Total protein lysates from snap-frozen murine uterine samples obtained 24 h after exposure to 

pooled unconditioned embryo culture medium (ECM) or conditioned media from DIEs or DCEs were 

subjected to Western blot analysis and immunoprobed for the indicated proteins. A representative 

result of three biological repeat experiments is shown. β-actin served as a loading control.  

 

Fig. S4. Mining of the murine embryonic transcriptome throughout pre-implantation development for 

genes involved in trypsinogen activation and trypsin inhibition. The in silico analysis was performed 

on publicly available datasets from the Gene Expression Omnibus1, accession number GSD8132. 

Transcript levels of Prss28, coding for implantation serine proteinase 1 (IPS1), increase during the 

later stages of pre-implantation embryo development in the mouse. By contrast, mRNA levels for 

enterokinase (Tmprss15), the enzyme that converts the proenzyme trypsinogen to trypsin, remained 

unchanged. This is also the case for Ambp, which encodes a protein that is cleaved into trypstatin and 

bikunin, the light chain of Inter-α-trypsin inhibitor (IαI). Trypstatin is a trypsin inhibitor and IαI 

inhibits trypsin, plasmin, and lysosomal granulocytic elastase 

(http://www.uniprot.org/uniprot/P02760). While a single gene codes the light chain of IαI (Ambp), the 

heavy chain consists of different polypeptides encoded by at least 4 genes (Itih1-4)3. Modest 

fluctuations in embryonic Itih1, Itih2, and Itih3 transcript levels were noted throughout pre-



implantation development in mice. Different letters above the error bars indicate that those groups are 

significantly (P < 0.05) different from each other. 

 

Fig. S5. Mining of human embryonic transcriptome throughout pre-implantation development for 

genes involved in trypsinogen activation and trypsin inhibition. The in silico analysis was performed 

on publicly available datasets from the Gene Expression Omnibus1, accession number GSD39594. 

Pre-implantation development of human embryos was not associated with significant changes in 

expression of PRSS1, the primary trypsinogen gene. However, the later stages of development were 

characterized by marked induction and inhibition of TMPRSS15 and AMBP, respectively. TMPRSS15 

codes the enzyme that converts the proenzyme trypsinogen to trypsin; whereas AMBP codes trypstatin 

and bikunin, the light chain of IαI. This expression profile in human embryos differs from that their 

murine counterparts. Embryonic transcript levels of ITIH2, ITIH3, and ITH4, but not ITIH1, declined 

more gradually upon progression to the blastocyst stage. Different letters above the error bars indicate 

that those groups are significantly (P < 0.05) different from each other. 

 

Fig. S6. Human embryos and trypsin induce [Ca2+]i oscillations in Ishikawa cells via a common signal 

transduction pathway. (A) Application of 10 nM trypsin elicited [Ca2+]i responses similar to those 

induced by conditioned embryo culture medium (ECM). (B) pre-treatment of cells with ECM greatly 

reduced their responses to trypsin. (C) trypsin inhibitor diminished the response to ECM. (D) 

Averaged values of  [Ca2+]i responses (expressed as area under the curve) to trypsin (n=8), ECM 

followed by trypsin (n=8), and ECM with trypsin inhibitor (n=8). Different letters above the error bars 

indicate that those groups are significantly different from each other at P < 0.01.  

 

Supplementary Tables  

 

Table S1: Patient demographics and embryo characteristics. 

 



Table S2: Genes regulated in decidualizing human endometrial stromal cells upon incubation of 

culture medium from developmentally impaired human embryos (DIE). 

 

Table S3: Significantly Regulated Transcripts in Mouse Uterus in Response to Developmentally 

Competent Embryo Conditioned Media 
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Supplementary Table 1 

Patient demographics and embryo characteristics. 

 

 DCE (n = 40) DIE (n = 49) 

Age (years): 33.5 ± 4.2 35.2 ± 4.3 

Duration of infertility (years): 2.6 ± 1.9 3.3 ± 2.4 

Primary infertility (%): 64.3% 50% 

No. of oocytes collected: 10.3 ± 6.0 9.5 ± 4.2 

No. of developing embryos: 4.6 ± 2.7 4.4 ± 2.4 

Top quality embryos (%): 53.6% 0% * 

 

DIE: developmentally impaired embryos;  DCE: developmentally competent embryos. The 

data are expressed as mean ± standard deviation. * P < 0.001. Embryos were scored on 

standard morphological criteria (2) with top quality embryos defined as morula stage 

embryos with less than 10% fragmentation on day 4 after oocyte collection.  
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