
Supplementary Material 
Descriptions of the identified nine fertility-associated autoimmune human proteins implicated in 

molecular mimicry with SARS-Cov-2 
 

1. DNER is a transmembrane protein that is critical for maternal-embryonic communication 
leading to appropriate placentation (Lee et al., 2019). During early pregnancy, it binds to 
Notch1 via cell-cell contact regulating stem cell renewal and differentiation, decidualization, 
implantation, placentation, and angiogenesis (Haider, Pollheimer, & Knöfler, 2017). Anti-
DNER antibodies in serum or cerebrospinal fluid are prevalent in patients with cerebellar 
ataxia (Campana & Silva, 2021). 
 

2. AMH, a protein that regulates steroidogenesis, is a marker for early abortion in the first 
trimester among women younger than 35 years (Kostrzewa et al., 2020). It controls the growth 
of the dominant follicle by inhibiting follicle-stimulating hormone (FSH) action (Themmen, 
2005).   
 

3. MSLN, a 40-kDa membrane-glycoprotein, has been recently identified as a potential blood 
diagnostic marker for PROM occurring at ≥ 37 weeks of pregnancy. Premature rupture of 
membranes (PROM) is a common pregnancy complication that frequently leads to maternal 
and perinatal morbidity (Wang et al., 2018). Commonly associated with several types of 
cancers, MSLN is also clinically investigated as a target for chimeric antigen receptor T-cell 
therapy (Faust, Hamill, Kolb, Gopalakrishnapillai, & Barwe, 2022).   
 

4. A transforming growth factor β superfamily member, BMP2 plays an essential role in 
organogenesis and placental development. Serum BMP2 levels are elevated during the first 
trimester of pregnancy but are lower in women experiencing early pregnancy loss (You et al., 
2021). The presence of BMP2 autoantibodies in both healthy patients and those with 
infections linked to type-1 cytokine responses has been noted (Sauerborn et al., 2011). 
 

5. KASH5 is a component of the LINC (LInker of Nucleoskeleton and Cytoskeleton) complex 
that connects the nuclear lamina with the cytoskeleton. KASH proteins are essential in male 
and female gametogenesis (Kmonickova, Frolikova, Steger, & Komrskova, 2020).  Functional 
defects in the protein are associated with a round head and acephalic sperm morphologies 
where a spermatozoan loses the ability to penetrate the oolemma during fertilization (Syms, 
Johnson, Lipshultz, & Smith, 1984).  The presence of autoantibodies against KASH5 is also 
associated with early-stage, high-grade serous ovarian cancers (Wilson et al., 2018). 
 

6. CUBN is an endocytic receptor that plays a role in lipoprotein, vitamin, and iron metabolism. 
During embryonic development, CUBN is plays a role in cellular transport of maternally 
derived nutrients, including high-density lipoproteins, a source of cholesterol, transferrin, 
retinol, and vitamin B12 (Assémat et al., 2005). CUBN gene deletion in mice perturbs the 
formation of both embryonic and extra-embryonic derivatives, including somites and blood 
vessels, and leads to embryonic mortality (Smith et al., 2006). Administration of anti-CUBN 
IgG to pregnant rats induces craniofacial abnormalities, a disorder that resembles 
holoprosencephaly syndrome in humans (Kozyraki & Gofflot, 2007). Although there is a need 
for further investigations to support a stronger association with reproductive failure in women, 
CUBN autoantibody has been detected in the sera of women with recurrent spontaneous 
abortions, particularly in patient subsets with specific autoimmune conditions (Shoenfeld & 
Blank, 2004). 
 



7. ERCC1 is an essential component for nucleotide excision repair and is also involved in 
recombination repair pathways.  The protein is vital for gametogenesis as justified by the 
general requirement for efficient DNA damage repair in rapidly dividing cells (Hsia et al., 
2003).  Sera of some SLE patients contain ERCC1 autoantibodies  (Sherer, Gorstein, Fritzler, 
& Shoenfeld, 2004). 
 

8. ZP3 is among the major glycoproteins of the zona pellucida or egg coat.  Some women in 
infertility clinics have antibodies targeted to zona pellucida. Although there are variations in 
the incidence of positive results, serum antibodies on zona pellucida or oocyte antigens have 
been detected in among 7- 68% of infertile women (Luborsky, 2002).The protein has been a 
target for antifertility vaccines that can block sperm-oocyte interaction (Tung, Ang, & Lou, 
1996). 
 

9. TPO is essential to the synthesis and secretion of thyroid hormones. TPO autoantibodies are 
associated with subfertility, recurrent embryo implantation failure, early pregnancy loss, and 
adverse pregnancy outcomes (Vissenberg et al., 2015). 
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