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       Chapter 1 

 

John Hunter 1786: ‘Account of the freemartin’  

 “It is a fact known, and I believe almost universally understood, that when a cow brings forth two 

calves, and one of them a bull calf the other to appearance a cow, that the cow-calf is unfit for 

propagation, but the bull-calf grows up into a very proper bull. Such a cow-calf is called in this 

country a freemartin.” 

 

CHAPTER 1. GENERAL INTRODUCTION AND THESIS OUTLINE 

Embryonic development genitalia 

The hormonal milieu of the intrauterine environment is an essential factor in embryonic 

development. It is a unique setting in which the presence—or absence—of certain 

hormones will have definitive results for genital sex differentiation. The genetic sex of the 

fetus itself plays the most important role.  

In mammals, genetic sex is determined by the sex chromosomes: XX for female and XY 

for male. In the first six weeks of development, the female and male embryo are similar. 

After this period, the testis-determining factor on the Y-chromosome in males causes the 

undifferentiated gonads to develop into testes. In females, the absence of the Y-

chromosome results in the formation of ovaries.          

Then, in the 6th week of embryonic development, the fetus becomes endocrinologically 

active. The testes in the male fetus start to secrete testosterone and anti-Müllerian 

Hormone (AMH) resulting in masculinization of the embryo. The Wolffian duct 

(mesonephric duct) develops and AMH causes regression of the Müllerian duct 

(paramesonephric duct). The androgen stimulation also results in masculinization of the 

external genitalia.  

In females, in absence of AMH, the Müllerian duct does not go in regression, forming a 

uterus and upper part of the vagina. The Wolffian duct regresses. The absence of 

(dihydro)testosterone prevents the fusion of the labioscrotal fold and external female 

genitalia are formed. So, feminization of the genitalia actually reflects an absence of testes-

secreted hormones.1 

 

Intrauterine position effect   

When the uterus, and thus the intrauterine environment, is shared by multiple offspring of 

different sex this means a complex situation can occur. In animals, it has been shown that 

hormones can diffuse across amniotic membranes, or be transported by vascular exchange 

via the placenta.2,3 When there are offspring of opposite-sex, inter-fetal transfer of 

androgens can result in masculinization of the female embryo.4 



The effect of the hormonal transfer is dependent on the proximity of the opposite-sex fetus, 

this is referred to as the intrauterine position effect. This effect has been studied in detail 

in mice. Due to the anatomy of the uterus, with two elongated uterine horns, a female 

fetus can be located between zero (0M), one (1M) or two (2M) male fetuses as depicted in 

Figure 1. Concentrations of testosterone have been reported to be significantly increased 

in amniotic fluid and blood serum in 2M mice compared to 0M mice. Estradiol is decreased 

in 2M versus 0M.5 The impact of this intrauterine position has been measured by behavioral 

and morphological studies. Masculinized genitalia, decreased offspring production and 

more male-typical behavior, as aggression, have been reported in female mice with male 

littermates.4 

 

 

 

 

 

 

In cattle, the intrauterine position effect is reflected by the Freemartin syndrome. An 

opposite-sex twin pregnancy can result in the birth of an infertile female cow: a 

Freemartin.6 As the result of a combined placenta with vascular connections between the 

opposite-sex twins, AMH secreted by the testes of the bull is transferred to the cow. See 

Figure 2. This inter-fetal hormonal exchange of AMH is indicated to be responsible for the 

regression of the Müllerian duct in the Freemartin, leading to the absence of uterus and 

vagina.7  

 

 

Figure 1. Fetus positions in a womb. The 0M-2M 

classification refers to the number of males 

flanking the fetus.  

from: Ryan & Vandenbergh, 2002 4 



 

 

 

 
 
 
 
 
 
 

 
 
 

 
 
 
 

 
 
 
 

 

Figure 2. Vascular connections in opposite-sex twin pregnancy in cattle   
* Frank Lillie. 1916 6 

 

Chimerism  

According to Greek mythology, a chimera (Χίμαιρα), is a creature composed of more than 

one animal. It has the head of a lion, the tail of snake, and a head of a goat at his back. 

In medical terms, chimerism can be defined as the presence of a genetically distinct cell-

line that originates from another individual. Artificial chimerism can be present following 

bone marrow transplantation or blood transfusion. Natural chimerism originates during 

pregnancy and fetal development. It can occur through bidirectional maternal-fetal 

exchange,9 referred to as microchimerism due to the limited amount of chimeric cells. 

During fetal development, chimerism can also occur when two separately fertilized oocytes 

admix to form one single embryo which results in the birth of a singleton with two different 

cell lines in different cells of the body (‘tetragametic chimerism’).10  

In this thesis I focus on twin chimerism, which  refers to the phenomenon that dizygotic 

twins are chimeric for the cells of their co-twin. This may arise by direct blood exchange 

via vascular anastomoses in the placenta or through maternal blood by trans-placental 

trafficking. Most cases of twin chimerism are found by coincidence.11 In one systematic 

search in 1996, blood group chimerism was found in as many as 8% of the dizygotic twin 

pairs and even 21% of the triplet pairs.12 Whether it has clinical consequences is unknown.  

 

 

 

 



Hormonal transfer in human twins?  

The possible effect of hormone transfer between opposite-sex human twins has been 

studied extensively over the last decades. Masculinization of the female fetus by her male 

co-twin has been suggested by many researchers, referred to as the twin testosterone 

transfer hypothesis. Studies for behavioral changes and mental health13,14 in opposite-sex 

twins show some evidence supporting this in humans, however, the current body of 

research is controversial.15 Social effects of being raised with a twin brother may possibly 

contribute to the reported associations. Also, in females with a male co-twin, a later age 

at menarche has been reported16 and it was suggested that females with a male co-twin 

were less likely to reproduce than females with a female co-twin17. However, these findings 

have not been replicated.18-20 In humans, there is no direct evidence for hormonal transfer 

between twins.21  

There is no general consensus about the testosterone transfer in human twins. To 

investigate possible hormonal transfer in twins we should, however, also focus on the other 

testes-secreted hormone: AMH. An essential and important question should be whether 

inter-fetal transfer of AMH occurs and if this, like in Freemartins, has clinical consequences 

in human twins.  

  

Mayer-Rokitansky-Küster-Hauser syndrome  

A phenotypical similar syndrome to the Freemartinism in human, is the Mayer-Rokitansky-

Küster-Hauser (MRKH) syndrome. This congenital disorder in females is characterized by 

embryonic underdevelopment of the Müllerian duct, resulting in aplasia of the uterus and 

upper part of the vagina. It is also referred to as Müllerian aplasia or Müllerian agenesis. 

The syndrome occurs in 1:5000 women.22 Occasional familial cases of MRKH syndrome 

have been reported, but most cases are isolated.23  

Diagnosis is often made in puberty during gynaecological examination for primary 

amenorrhoea with normal female development and normal secondary sex characteristics. 

Karyotype is XX and endocrine analysis shows normal female results. Ultrasonography can 

be used to assess the absence of a uterus. Magnetic resonance imaging (MRI) will show 

rudimentary Müllerian structures in 90% of patients.24 During diagnostic work-up, 

evaluation of other congenital malformations is important because around 50% of the 

women with MRKH have urinary tract malformations or skeletal deformities as well. 

Management requires psychosocial counselling, vaginal elongation—1st  choice—or surgical 

creation of a neovagina can be considered.  

 

 

 



Freemartin-effect in humans? 

The etiology of MRKH is still largely unknown.25 A potential role for AMH has been 

implicated—considering its important function in Müllerian duct development—but without 

much empirical supporting evidence, although the hypothesis of AMH involvement seems 

supported by experiments in mice. ‘Overexpression’ of AMH results in a phenotype 

resembling MRKH syndrome.26,27  

In this thesis, I explore the hypothesis that Freemartinism in humans causes the MRKH 

syndrome. We sought to explain whether uterine development is inhibited by exposure to 

AMH during gestation, for which a male co-twin is the identified source.   

The critical time window of uterine development in which the Müllerian duct is sensitive to 

AMH, starts in the 6th week of embryonic development. See Figure 3. So hypothetically, 

twin-to-twin transfusion of AMH from a male to a female co-twin could occur in early 

pregnancy, even before ultrasound has confirmed a (twin) pregnancy. Vanishing twin 

syndrome describes a spontaneous reduction of one fetus of a twin. This occurs in 18–36% 

of twin gestations28-30 and can occur in the first trimester without any presenting symptoms 

such as vaginal bleeding.31 Consequently, in the presence of a male vanishing twin, AMH 

exchange could hypothetically occur without ever identifying a twin pregnancy.  

 

 

 

 

 

 

 

Figure 3. Overlapping time windows for uterine development and occurrence of vanishing 

twin syndrome in pregnancy 



AIM AND OUTLINE OF THE THESIS  

The primary goal of this thesis is to study whether Freemartinism exists in humans and 

whether the Freemartin-effect is present with the MRKH syndrome. 

The first part of this thesis, reports on the presence of twin chimerism in humans. Firstly, 

we investigate an unusual type of twinning which results in chimerism: monochorionic 

dizygotic twins. In a systematic review on cases of monochorionic dizygotic twins, we study 

conception, obstetric data, clinical presentation, and chimerism. This is described in 

chapter 2.  

In chapter 3, we aim to investigate if having a male co-twin leads to an increased 

prevalence of male microchimeric cells. By studying male microchimerism in females of 

opposite-sex and same-sex twin pairs and their relatives (their non-twin sisters and 

mothers), we can investigate the effects of having a male co-twin, the prevalence of 

microchimerism in twins and their non-twin sisters and generation differences. Also we 

study if the presence of older brothers and sons could explain microchimerism and if there 

is evidence for familial resemblance in the presence of microchimeric cells. 

In the second part of this thesis, I evaluate MRKH syndrome as a possible consequence of 

intrauterine AMH transfer between opposite-sex twins. We hypothesize that a male 

(possibly vanished) co-twin was present during early embryological development in MRKH, 

resulting in the exchange of AMH via placental vascular connections—similar as in the 

Freemartins. We investigate the presence of male microchimerism as a result of cell 

trafficking from male twin to female twin in women with MRKH syndrome, and compare 

these results with control women. This is described in chapter 4. 

 

In chapter 5, we investigate whether exposure to testes-secreted hormones could have 

been of influence in MRKH. Therefore, we study two biomarkers for prenatal androgen 

exposure: the anogenital distance and the ratio between the 2nd and 4th digit. These 

anthropometric biomarkers are measured in women with MRKH syndrome, and compared 

to other patient groups.  

In the third part of this thesis we focus on therapeutic options for the infertility associated 

with the MRKH syndrome: absolute uterine factor infertility. Chapter 6 reports on the 

gestational surrogacy program in the VU Medical Center over a 10-year period, including 

pregnancy outcomes and maternal complications.   

 



In chapter 7 we describe the results of the feasibility study for performing uterus 

transplantations in our hospital. This procedure involves surgical removal of a uterus from 

a brain-dead donor or a live donor (for example a family member or friend) followed by 

transplantation. In the Netherlands, no uterus transplantations have been carried out yet. 

In this study, we investigate the possibility to perform this procedure in our hospital by 

searching for ethical, medical and financial support for this new technique. Additionally, we 

study the patient support by performing a questionnaire study in women with the MRKH 

syndrome. 

Finally, chapter 8 summarizes the research described in this thesis, discusses the findings, 

and gives recommendations for further research.  
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