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Note from the Editorial Board 
On the publication of the first volume 

 

We are proud to present the inaugural issue of Sojourn, the new undergraduate 

research journal for publishing the English-language work of students at 

bachelor programs in the Netherlands.  

 Sojourn was launched with the help of funding received from University 

College Utrecht in the academic year 2016-2017 in the context of a Connect 

project, aimed at creating links between students, alumni, academics, and the 

world beyond the university. The journal will appear twice a year and has a 

two-fold aim: apart from serving as a showcase for the diversity and quality of 

undergraduate research and writing, it aims to give students the opportunity to 

get acquainted with putting their work through an academic peer-review 

process. For this purpose, each paper is reviewed by at least one experienced 

academic and by one student or alumnus, and selected authors are asked to 

process their feedback.  

 We have been encouraged by an enthusiastic response from student writers 

in a variety of fields and from a variety of institutions.  This first issue contains 

the best works of the many submissions that we received. We hope that reading 

these will inspire future bachelor students to publish their work with us so that 

it can reach an academic audience wider than that of their own bachelor 

program. After all, knowledge is meant to be shared.  

 We would also like to acknowledge the kind cooperation and enthusiasm 

of our reviewers. Given the increasing number of English-taught undergraduate 

programs in the Netherlands, we hope that Sojourn will provide a forum for 

outstanding undergraduate research produced by their students for many years 

to come. If you are a student wishing to submit a paper, or a colleague interested 

in acting as a reviewer for our next issue, we would love to hear from you.  

 

 

December 2017  

 

2017 Editorial Board:  

Jocelyn Ballantyne, Deborah Cole and Annemieke Meijer 

sojourn.ucu@uu.nl 
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Exploring the relationship between violence 
against animals and human violence 

Linda Rousseva 

University College, Utrecht University 

This paper argues that the violent way in which animals are treated currently 

mirrors the treatment of discriminated human groups in the past with, for example, 

racism, sexism and anti-Semitism. In this, it incorporates the ideas of Nibert (2013), 

who argues for a link between the domestication and exploitation of animals for 

labor, transport and food and violence in human culture. A case study of anti-

Semitism during WWII is used to examine how blurred the line is of what kind of 

violence and exploitation is acceptable towards which humans and which animals, 

and how this violence is normalized and accepted in cultures at any given time. 

Finally, the detrimental psychological and criminological impacts of 

slaughterhouse employment are addressed. The paper concludes by suggesting that 

there is a strong indication that a movement away from animal violence could help 

create a healthier future for the world. 

 

Introduction 

Violence towards animals has been a part of human culture since “the rise of nomadic pastoralism” 

roughly eight thousand years ago (Nibert, 2013, p. 13). Certain animals, mainly herd animals such 

as horses and sheep, began to be ‘domesticated’ and exploited for labor, transport and food. This 

systematic violence and discrimination of animals in the form of exploitation and oppression is 

also known as ‘domesecration’ (Nibert, 2013). Today, domesecration is observed in many forms, 

including the exploitation and harming of animals for scientific research, labor, clothing and 

fashion, sports and other entertainment, and food (Monson, 2005).  

 This paper will explore the normalization of violence towards animals through a number of 

sub-topics. Firstly, it will discuss the attitudes towards violence against humans, then compare this 

to the attitudes of violence towards different non-human animals. It will then go further by 

discussing the historical background to the rise and normalization of violence against animals. It 

will recognize the similarities between the treatment of animals and the treatment of humans in 

similar situations (including racism, sexism and anti-Semitism during WWII), and demonstrate 

how the methods and aims of discrimination are comparable regardless of who the discriminated 

group is. This comparison to violence against humans is imperative in demonstrating similarities 

of violent patterns, but also because of the adverse effects of violence against non-human animals 

on the humans that perform the violence. Finally, the paper will discuss some of the broader ethical 

issues including both to animal and human rights, and conclude by presenting the importance of 

progressing towards a more peaceful future.  

                                                 
 Author e-mail:  linda.rousseva@gmail.com. The original version of this paper was written for an undergraduate 

course taught by Dr. Lonia Jakubowska, Violence, Trauma and Memory.   
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Unjustifiable violence towards humans 

Violence is defined as the intentional harm towards another being, whether physical or 

psychological, verbal or otherwise. It is generally agreed upon that any form of violence towards 

another human being is unacceptable, with the exception of consensual violence, such as in the 

case of the Nuer people of South Sudan who cut six horizontal lines across the forehead of boys 

as part of the initiation ritual of becoming an adult (Evans-Pritchard, 1936). A principal aspect of 

violence is the perception of the body to whom the violence is directed by those committing the 

acts of violence. An identification of the ‘other’ as different and separate from oneself (and in this 

sense as an ‘enemy’) along with methods of dehumanization and general discrimination are all 

techniques that build up certain attitudes in citizens which allow for greater violence to occur 

(Levi, 1988). History provides a plethora of examples of how appalling this violence can be and 

the severe ramifications that it can have on societies, including that of the Jewish Holocaust during 

WWII, the Rwandan Genocide of the Tutsi people by the Hutu people, and the slavery of black 

people (such as in South Africa and USA). This violence is always followed by great trauma 

amongst the victims (and, in some cases, also the perpetrators) and shock amongst the rest of the 

world. It is often punishable in some form or another depending on the country’s culture, whether 

through identification and imprisonment of the baby-stealers of Argentina’s ‘Dirty War’ in 1976-

1983 and Nazi soldiers after WWII, or through truth commissions and religious purging and 

cleansing as in the case of the exorcisms performed on the perpetrators involved in Sierra Leone’s 

civil war in 1991-2002 (Lloyd-Roberts, 2013; Shaw, 2007). Violence is clearly inappropriate and 

punishable in the majority of the world today towards humans, but how does this compare to the 

attitudes towards other non-human animals? 

Acceptable violence towards animals  

The intolerance of violence extends beyond humans to other ‘members of the family’ as well: pets. 

Particularly in the west, owning dogs and cats as pets is extremely common, along with other 

animals such as rabbits, hamsters, birds and horses. Violence towards these animals is generally 

considered cruel and appalling, and yet on the other hand is likely to be socially acceptable and 

ignored when the victim is a different animal. For example, a case where a man was arrested for 

taping a dog’s mouth shut with electrical tape is just one of many cases of people being arrested 

for the abuse of dogs (Jones, 2015). At the same time, it is common and expected practice within 

the equine industry to tie a horse’s mouth shut with nose and flash bands so that they cannot escape 

the (painful) contact of a thin piece of metal in their mouth. Another inconsistency is presented by 

the Yulin Dog Meat Festival in China, where thousands of dogs are tortured and killed (including 

pets that have been stolen from people) to be eaten stirs up great controversy every year, because 

Western people are horrified at the thought of eating a pet animal (Henderson, 2016). On the other 

hand, torturing animals through techniques such as electrocution, hitting and other physical abuse 

as well as slitting their throats while they are still conscious is standard practice in most 

slaughterhouses around the world including the USA, Australia and the UK (Monson, 2005). How 

has the violence towards specific animals become so normalized that it has created such a 

significant moral inconsistency and apathy in the general population? Why is some violence 

socially permitted and other violence not? What justification is there to the arbitrary choice of 

which victim deserves how much violence? These are difficult questions to answer, and exploring 

a culture’s historical and religious background may provide some insight into beginning to answer 

these questions.  
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Normalization of violence towards animals 

American sociologist David Nibert argues that “it was only with the emergence of domesecration  

and agricultural society […] that social elites and large-scale violence and warfare came into 

existence” (Nibert, 2013, p. 13). Nibert defines ‘domesecration’ as “the systemic practice of 

violence in which social animals are enslaved and biologically manipulated, resulting in their 

objectification, subordination, and oppression.” He argues that the use of animals meant that the 

communities required significantly more resources to rear said animals, which led to greater 

competition for resources (particularly for grazing ground and water) and thus increased the 

inevitability of warfare. Rearing animals was not only more resource-intensive, but it also “paid 

off better than any other kind of agriculture” and thus led to most farms being converted into 

pasture, which led to more overgrazing and in turn augmented the issue of competition for 

resources (ibid, p. 18). Furthermore, the use of particular animals made the logistics of warfare 

easier for nomadic pastoralists; “the use of oppressed horses” gave nomadic pastoralists “speed, 

range and mobility” (ibid, p. 15) which allowed them to “choose the place and time for battle, 

ambush his prey, and escape to the steppe in short order” (McMichael, 1995, p. 108). Horses and 

other herd animals also allowed the warring pastoralists to travel far distances by providing a 

source of food during the journey.  

 According to Nibert, the use of ‘domesecrated’ animals not only lead to larger scale 

competition for resources and warfare against other communities, but also created early patriarchal 

social hierarchies “in which a man’s power and status were linked to the number of domesecrated 

animals under his control” and his “skill and success at hunting” (Nibert, 2003, p. 10, 13). 

Simultaneously, “the status of women declined” (ibid, p. 10) and women, like animals, were “taken 

from conquered societies, treated as possessions and enslaved as concubines and servants by men 

with high status” (ibid, p. 14). Since a similar logic appears to be followed regardless of the victim, 

it suggests it can be useful and insightful to compare separate acts of discrimination against 

separate groups of victims to find patterns and (hopefully) solutions to these destructive attitudes.  

The Holocaust: an “inevitable comparison”? 

Perhaps the most evident and controversial comparison of this kind that could be made is that 

between the Jewish Holocaust and the animal holocaust. It has already been drawn many times in 

recent decades, both by Jewish and non-Jewish scholars and lay people including Richard H. 

Schwartz, Ph.D., President of the Jewish Vegetarians of North America (JVNA), co-founder of 

the Society of Ethical and Religious Vegetarians (SERV) and author of Judaism and 

Vegetarianism. In an online article, Schwartz responded to a PETA campaign in 2003 which drew 

a direct comparison between the Holocaust and slaughterhouses through provoking billboards with 

large images of the two next to each other (Schwartz, n.d.): 

While there are of course no exact comparisons, I believe that one important lesson is that the 

mentality and methods behind the Holocaust, such as “might makes right,” the demonizing of 

various groups of people, and the use of certain types of technology, are similar to those behind 

the abuse of both animals and people today. Another important lesson is that the blindness of 

most of the world to the unspeakable horrors of the Holocaust should inspire us to move beyond 

our society's indifference to active involvement in ending violence against both people and 

animals. PETA quotes the United States Holocaust Memorial Museum: “The Holocaust provides 

a context for exploring the dangers of remaining silent, apathetic, and indifferent in the face of 

others' oppression.” Based on these considerations, I believe, that it is possible to make certain 

Holocaust comparisons without, God forbid, denigrating the sacredness and dignity of Holocaust 

victims. Indeed, I believe that the best way to honor their memories and make their deaths more 
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meaningful is to work against the mentality and methods that fueled it and that are still inflicting 

tremendous damage on people, animals, and the entire planet. This can actually result in a 

Kiddush Hashem (sanctification of God's Name) that will have much positive benefit to the 

world, providing an additional reason that Holocaust victims will not have died in vain. 

This passage shows a clear open-mindedness to the potential benefits of drawing such 

comparisons, and honoring the victims who have suffered such violence in the past in order to 

work towards a more enduring absence of similar forms of violence in the future.  

 An analysis by Canadian philosopher David Sztybel specifically brings attention to the many 

similarities between the treatment of Jews during WWII and the current treatment of animals 

within comparisons of four main categories: degradation and destruction, apparatus used, forms of 

agency and worldviews and discourse (Sztybel, 2006). The comparisons of the degradation of 

destruction of both Jews and animals include being subjected to vivisection, genetic engineering, 

hunting, skinning, slave labor, entertainment, concentration into small filthy degrading areas, 

separation from parents at a young age, death by starvation, mass graves, genocide. The 

comparison of apparatus used includes bureaucratization of the violence including secrecy, 

namelessness of the victims, “quiet complicity in the education system”, “efficiency of killing” 

and cattle trucks where “those transported endure(d) extremes of exposure to the weather, 

crowding, filthy conditions, and protracted periods without food or water” (ibid, p. 113-114). The 

methods of killing also show similarities, namely that in more developed countries gas chambers 

are used for suffocating farmed animals (most commonly pigs, but also chickens) to death; 

supposedly “a very humane method” (Welty, 2007, p. 178; Gerritzen et al., 2004). The comparison 

of the forms of agency includes that the perpetrators are ‘ordinary people’, the “disowning of 

responsibility”, minimization or complete denial of the issue, “conditioned indifference” and 

“hypocritical commitment to humaneness” (Sztybel, 2006, p. 115-116) combined with Levi’s 

notion of ‘useless violence’ (Levi, 1988). The comparison of worldviews and discourse includes 

the degrading use of the label ‘animal’ to mark the individual (whether Jew or cow) as ‘sub-

human’, demonization, discrimination (racism and speciesism), labeling of the conditions that they 

were put through as ‘hell’ (whether Nazi concentration camp or factory farm) and, finally, 

inspiration from the Bible for both anti-Semitism and the “notion of a dominion over animals that 

will cause them to live in ‘fear’ and ‘dread’ of humans (Genesis 9:2)” (Sztybel, 2006, p. 119). 

Sztybel also argues that the comparison is not offensive, because “it would be viciously circular 

to assume that animal liberation is mistaken from the start, which makes the comparison offensive, 

and which in turn is supposed to prove that animal liberation is wrong” (Sztybel, 2006, p. 130).  

 As a result, it can be seen that there are distinct similarities between the ways Jews were 

treated during WWII and the ways animals are treated in the industry today, and taking into 

account this overlap can support Schwartz’s belief that this comparison has the potential to bring 

more attention to the issue and fuel positive change. Schwartz also highlights the significance of 

the fact that the global impacts of animal agriculture are serious enough to be threatening the future 

of all humanity (Schwartz, n.b.). An estimated 0.97-2.74 trillion animals are caught from the ocean 

each year and a 2003 estimate from the FAO calculated that upwards of 50 billion farmed land 

animals are slaughtered worldwide each year, not taking into account animals killed in 

laboratories, shelters and sport or amusement centers (Mood & Brooke, 2010, p. 1; Food and 

Agricultural Organization of the United Nations, 2003). The resources required for and the waste 

that comes from rearing and killing these animals make animal agriculture the number one 

contributor towards environmental destruction in the world (Andersen & Kuhn, 2014).  
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Ethical issues  

The issue of the environmental impacts of animal agriculture brings to light a number of ethical 

issues surrounding animal agriculture and slaughter. The first, and perhaps most evident, is that of 

the violence towards the animal itself. If violence is so intolerable towards human beings and 

certain other species of animals, then why is a line arbitrarily drawn at the leftover species? What 

makes these other animals (namely cows, pigs, sheep and chickens in the West) have less of a right 

to life (treated with respect) than the animals that we have labeled as pets? If it was a question of 

intelligence, then that also brings up the question of whether the right to life should be determined 

by intelligence, and thus, along the same line of logic, do mentally challenged people not deserve 

to live? This clearly creates a contradiction, as well as the question of the animals’ emotional 

capacities or usefulness; do they only deserve to live if a human being finds their company valuable 

or their skills and strength useful?  

 Another ethical issue involved in violence against animals is that of human rights and well-

being, which can be divided into three parts: the environmental and resource aspect of animal 

agriculture, the psychological impact of animal slaughter, which links to the criminological aspect. 

The environmental aspect refers to both the polluting factor of animal agriculture, as well as the 

competition of resources between the farmed animals and the local population. Animal agriculture 

is extremely polluting, for example, a farm with 1000 cows produces approximately 9.53 million 

kilograms of manure per year (Risk Management Evaluation for Concentrated Animal Feeding 

Operations, 2004) and the extensive use of fertilizers, pesticides and herbicides pollute the 

surrounding land and water, leading to ocean dead zones and infertile lands (Dybas, 2005). This 

pollution and desertification has substantial impacts on the surrounding areas, which impacts the 

populations living in those areas as well in terms of reduced access to fresh water and food. 

Furthermore, animal agriculture is extremely resource-intensive in terms of land, water and feed 

where a person who following a vegan diet “uses [approximately] 1/11th oil, 1/13th water, and 

1/18th land compared to a [meat-eater] for their food” (Anderson & Kuhn, 2014). The fact that so 

much land, water and grain is being used for animal agriculture and that the world currently 

produces enough food for 10 billion people (Holt-Giménez et al., 2012) and yet there are still 

significant hunger issues in the world is indicative of distorted priorities of governments and 

industries, and a neglect of human rights.  

 In addition to resource issues, there are noteworthy psychological impacts of violence against 

animals as well. A recent study found that employees working in a commercial slaughterhouse in 

South Africa suffered considerable trauma associated with the work; the employees reported 

experiencing intense shock, paranoia, fear, anxiety, guilt and shame which extends into their 

personal lives and relationships in the form of “social detachment and isolation” (Barnard & 

Victor, 2016, p. 7) as well as domestic violence. This was solidified by multiple other studies 

including two large-scale studies in Denmark and Brazil which found a significant increase in 

work-related strain in slaughterhouse employees in comparison to other stressful work, and a 

significant increase in sickness absence as a coping behavior to this work strain (Hutz et al., 2013, 

Kristensen, 1991). Furthermore, this trauma and violence has the propensity to spill over into 

community violence as well, where criminological studies show an increase in Arrest and Report 

Rate Scales, “as well as on rates of total arrests, arrests for violent crimes, arrests for rape, and 

arrests for other sex offences” (Fitzgerald et al., 2009, p. 173) when the number of slaughterhouses 

in an area increase “pointing to a relationship between the violence of killing nonhuman animals 

and violence towards humans” (Jacques, 2015, p. 594). There are also other negative impacts on 

communities as well such as housing shortages and higher demand for social assistance, in part 
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due to high rates of injury and illness in the industry (Broadway, 2000). These observations thus 

bring into question the direct connection between slaughterhouse employment and healthy human 

psychology and social behavior, and the fact that criminological studies show a significant positive 

correlation between slaughterhouses and crime adds another layer of ethical issues to 

slaughterhouse employment.  

Conclusion  

This paper has presented data indicating that the normalization and spread of the acceptability of 

violence against animals has been shown to have significant negative impacts on the social 

evolution of human beings as well as human psychology and crime. Aspects of the comparison 

between the Holocaust and the current day treatment of animals were investigated along with 

ethical issues that are presented by violence against animals. Some of these issues can be very 

difficult to examine due to subjectivity and differing religious views about the worth and status of 

different lives, as well as the relationship between the ‘purpose’ of human existence versus the 

existence of other non-human animals. Taking such issues into account can be helpful for bringing 

public and political attention to the importance of considering these issues and finding solutions 

for the future to reduce violence and discrimination against any victims, and improving living 

conditions for both humans and non-human animals globally. This would not only benefit the 

animals, the environment, human psychology, but also improve crime rates and general violence, 

human poverty and hunger, and potentially much more. In conclusion, this paper has drawn 

attention to the importance of a multi-faceted approach in the consideration of the relationship 

between violence against non-human animals and human beings in order to recognize the 

destructive nature of the current global situation and the need for solutions for a more sustainable, 

just and peaceful future.  
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Power, the “Two Sexual Truths”  
of the Female Breast, and Public Breastfeeding 

Studying the Repression of Mothers and Their Infants in the Negotiation of Breastfeeding in Public 
Spaces in the UK, US, and Canada 

Harry French 

University College, Utrecht University 

Breastfeeding is widely classified as the most beneficial way to feed an infant, 

however the sexualisation of the breast can lead to the modification or interruption 

of breastfeeding practices due to the manner in which this effects the perception of 

breastfeeding in public. The purpose of this study was to identify how the female 

breast as a sexual entity is constructed and continually legitimised, and how this 

effects a mother’s breastfeeding practices. The study utilises Foucauldian theories 

of power, truth, and repression in order to trace this cultural phenomenon. It was 

found that outsiders, fathers, and mothers all take part in the construction of the 

“two sexual truths” of the female breast, that these sexual truths can contribute to 

the modification of a breastfeeding regime which can in turn have negative medical 

effects on the mother and her infant, and that the act of constructing these truths 

through social behaviour is itself the sense-making practice that legitimises such 

truths. The research contributes to the wider analysis of how bodies and the use of 

bodies in public space are part of larger societal structures such as gender inequality 

and masculine and feminine hegemonies. 

 

Introduction  

“It’s shocking that we’ve still got this sexual ‘thing’ about boobs” writes Leah Gibson (Daily Mail 

2014). Gibson was the organiser of a 2014 protest outside the Nottingham branch of Sports Direct 

in response to 25-year-old Wioletta Komar being kicked out of the store for breastfeeding her 

newborn. Over 70 women attended to show solidarity. This protest is not unique and, furthermore, 

nor is the reason for protesting. Despite this, most Western countries provide legal protection to 

women breastfeeding in public. The 2010 Equality Act in the UK provides explicit protection of 

this kind, and according to the website of INFACT Canada on 13 December 2016, the Canadian 

Charter of Rights and Freedoms has been interpreted in court as protecting mothers who wish to 

publicly breastfeeding. Furthermore, as stated on the Breastfeeding Law website on 13 December 

2016, in the USA a woman is legally permitted to breastfeed outside the home in every state, with 

only two states limiting the way in which the act of breastfeeding must take place.  

 Legal protection, or the previous lack of, is just one dimension within the larger reality of 

breastfeeding rates and breastfeeding in public spaces. Even with the law on the side of mothers, 

breastfeeding rates are much lower than desirable in the UK (Boyer 2012; Henderson et al. 2011; 

Marshall et al. 20007; Williamson et al. 2011), the USA (Galupo & Ayers 2002; Murtagh & 

                                                 
 Author e-mail hroy.french@gmail.com.  The original version of this paper was written for a course taught by Dr. 

Lonia Jakubowska, Anthropology of Power.   
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Moulton 2011; Stearns 1999), and Canada (Chalmers et al. 2009; Spurles & Babineau 2011). 

Breastfeeding is, after all, the natural way in which a mother can feed her newborn and is widely 

accepted as, in regards to health benefits, the best way to feed an infant – meaning something other 

than the law is at work here.  

 Breastfeeding has been shown to be part of a larger structural, cultural, and social negotiation 

(Marshall et al. 2007) which contributes to larger modern notions of power and gender in the 

Western world. As Foucault (1994) stated that we should be ‘concerned with power at its 

extremities’ (213), it shall be these extremities in the form of the social dimensions of breastfeeding 

in public that will form the basis upon which I explore larger explorations of power and truth shall. 

It has widely been found that one of the reasons why women often feel uncomfortable 

breastfeeding in public is related to the potentially inappropriate exposure of oneself (Spurles & 

Babineau 2011; Boyer 2012; Marshall et al. 2007; Stearns 1999; Williamson et al. 2011). This can 

lead to impacts on a mother’s breastfeeding practices by either substituting in formula milk when 

feeding in public, or even stopping breastfeeding altogether (Wolf 2008). This cultural 

phenomenon can be found to be directly related to the sexualisation of the female breast, a 

Western-specific cultural classification (Dettwyler 1995). Using Foucauldian theory as an 

analytical framework, I identify within this dynamic the specific processes of power that relate to 

the production of the two “sexual truths” of the female breast and also to the impediments to a 

successful breastfeeding regime. Therefore, the primary aim of this study is to investigate how – 

using research from the US, the UK, and Canada – the two sexualised truths of the female breast 

form part of a larger negotiation of power that represses the mother, that potentially impedes on 

her ability to breastfeed successfully, and as a result has potentially negative physical and/or 

mental effects on her and her infant.  

 Initially I will cover the physical and mental, long-term and short-term benefits of 

breastfeeding and briefly examine breastfeeding rates in the UK, US, and Canada. Then I will 

define my own conception of the “two sexual truths” of the female breast: the female breast as a 

sexual object, and paradoxically the female breast as “for others” yet also “exclusive”. I shall then 

analyse exactly what negative effects of the two sexual truths have on a mother, her infant, and 

their breastfeeding practices both in regards to when and how they breastfeed, and the physical 

and mental implications when a successful regime is interrupted. Thereafter the roles of the father 

and mother as vehicles of power shall be explored, and prior to concluding I will conduct a brief 

discussion on the research, its significance, and what it could mean for wider discourses of the 

female body and gender hegemony.  

 As stated, Foucault’s study of power shall be used as my theoretical basis, specifically 

“Chapter Five: Two Lectures” of Culture, Power, and History published in 1994. The rest of my 

research was conducted using academic articles, reliable websites, and official government 

documents. It should be noted that in all studies referenced the participants were married or in 

committed relationships with the other biological parent of their child.  

The Benefits of Breastfeeding & Breastfeeding Trends  

The scientific recommendations regarding breastfeeding varies historically. Whilst breastfeeding 

is the natural way in which a mother feeds her infant, the social and structural contexts that 

breastfeeding takes place in has led to the development and regular use of infant formula (Marshall 

et al. 2007), a manufactured human milk substitute. Infant formula rose to popularity in the mid-

20th century to such an extent that many Westerners were fed solely by infant formula when young 

as it was marketed as a scientifically superior option to breastmilk (Stearns 1999). However, in the 

present day ‘breastfeeding is almost universally championed as the optimal form of infant 
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nutrition’ (Williamson et al. 2011, 434) with the World Health Organisation (WHO) 

recommending exclusive breastfeeding for infants up to 6 months with continued breastfeeding to 

be supplemented by other suitable foods and liquids until the infant reaches the age of two (World 

Health Organisation 2017). Breastfeeding has many preventative benefits and reduces the risk of 

and breast cancer, ovarian cancer, osteoporosis, cardiovascular disease, and obesity in mothers, 

and infections, diarrhoea, vomiting, sudden infant death syndrome, childhood leukaemia, type 2 

diabetes, obesity, and adult onset cardiovascular disease in infants (NHS n.d.). In fact, 1.4 million 

deaths occurred worldwide in 2009 due to the medical consequences of non-exclusive 

breastfeeding practices (World Health Organisation 2009). Furthermore, breastfeeding has been 

found to have many productive effects. It has been reported that the duration of breastfeeding 

correlated inversely to the age at which infants start walking, and correlates positively with 

successful child development and the performance of children on intelligence tests (Williamson et 

al. 2011). Moreover, successful breastfeeding has been shown to have a positive effect on the self-

esteem of the mother (Galupo & Ayers 2002; Marshal et al. 2007)  

 Despite the broad scientific consensus on the benefits of breastfeeding, Western countries 

exhibit low breastfeeding rates. In the USA, 81.9% of infants receive some breastfeeding but only 

51.8% of infants were exclusively breastfed at 6 months (Centers for Disease Control and 

Prevention 2016). In Canada only 26% of babies are exclusively breastfed at six months (Statcan 

2015) and in the UK only 17% of babies are exclusively breastfed at 6 months (World 

Breastfeeding Trends Initiative 2016). In fact, breastfeeding rates are so low in the UK that on 29 

January 2016 the BBC published an article on its website with the title “Britain’s World’s Worst 

at Breastfeeding”. As these three countries, generally, have similar cultural backgrounds, similar 

breastfeeding protection laws, and similar breastfeeding rates, studies obtained there have been 

used as my sources of analysis.  

The “Two Sexual Truths” of the Female Breast  

Foucault (1994) theorises that it is power that generates the ability to produce truths, and it is on 

the basis of these truths that we are subject to be classified and generated. I argue here that it is 

possible to identify “two sexual truths” of the female breast which in turn determine and influence 

the processes of mothers deciding how to, or deciding not to, breastfeed in public. I will now 

explore these two sexual truths before analysing exactly how they are employed and realised 

socially.  

The Female Breast as a Sexual Object  
Whilst the central function of breasts is the maternal feeding of infants, in Western culture it has 

been extensively demonstrated that ‘breasts are viewed primarily as sexual objects’ (Stearns 1999). 

Just as in China the feet historically became sexualised, the West has seen the socially and 

culturally specific sexualisation of the breast (Dettwyler 1995). For example, the stimulation of 

the nipple using the mouth is a Western specific sexual act (ibid.) and is part of the wider process 

in which female breasts have become fetishised vehicles of femininity, sexuality, and physical 

pleasure (Johnston-Robledo et al. 2007). It has been demonstrated in Western women that a link 

exists between self-esteem and the appearance of their breasts, and the pursuit of aesthetic breast 

augmentation has a positive effect on the sexuality of patients (Guimarães et al. 2015). Ward et al. 

(2006) found in a study of 656 USA undergraduates that there was an overwhelming default to 

perceive the female body, particularly breasts, as sexual rather than maternal. The display of 

breasts is often considered inappropriate, vulgar, and pornographic with particular effect if the 

nipple is present, and it is against the law in most Western countries for the female nipple to be 
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expose in public. As stated in the introduction, in the US, UK, and Canada, a mother is most often 

legally permitted to breastfeed in public as she wishes. However, in the wider social negotiation 

that breastfeeding exists in (Marshall et al. 2007) the maternal and sexual functions of the female 

breast come into conflict, with the latter usually taking the default role (Galupo & Ayers 2002).  

The Female Breast as “For Others” & “Exclusive” (A Paradox)  
The second sexualised truth exists in a difficult paradox as female breasts are classified as both 

“for others” yet also “exclusive”. In a study of 30 women from the US, Galupo and Ayers (2002) 

found that many women viewed their own breasts during intimacy as “sex toys” for others, as to 

derive pleasure for others, and to deliver effects in people other than the woman herself; seldom 

did anyone reference their own breasts as ways to receive pleasure themselves. Moreover, Bordo 

(2004) states that the act of wearing a bra can be interpreted as a way of disciplining breasts for 

the purpose of others. En masse, a woman’s breasts are part of a culturally specific negotiation in 

which they are developed and portrayed sexually for someone other than the woman herself. 

However, female breasts are also part of a cultural negotiation in which they are classified as 

exclusive to a woman’s partner, and therefore to be protected. Monogamy is the dominant structure 

for intimate relationships between humans in the Western world and is idealised and enforced 

through the legal institution of marriage – polyamory is, on the other hand, seen as a deviant 

practice outside of societal norms (Emens 2004). Therefore, the sexual exclusivity of both partners 

in a relationship is, in most cases, expected to be followed. In fact, Bordo (2004) states that 

exclusivity of the breast is a cultural requirement in the West. The strange dichotomy wherein the 

breast is defined as both for others but simultaneously exclusive has particular consequences for 

breastfeeding in public because, as the act involves the potential exposure of the nipple, it can be 

perceived or depicted as sexually provocative ‘deviant behaviour’ (Stearns 1999, 312) that requires 

public censure (Henderson et al. 2011).  

The Difficulties Breastfeeding in Public  

The two sexual truths of the female breast have profound effects on the ability of mothers to 

breastfeed freely in public. Foucault states that we are ‘destined to a certain mode of living or 

dying, as a function of the true discourses which are the bearers of the specific effects of power’ 

(211). Foucault also states that the study of power is the study of repression (ibid). Therefore, it 

can be assumed that the truths of our society which are the bearers of power are consequentially 

the basis of repression. I will therefore now explore how the two sexual truths, as they are animated 

socially by “outsiders”, repress mothers and their infants. I will do this by analysing the social 

process in which the two sexual truths are related to changes in public breastfeeding behaviour by 

the mother, and the potential negative health consequences this has on the mother and child.  

 As stated, in the UK, US, and Canada the exposed the female nipple in the case of 

breastfeeding is exempt from public indecency laws, however the cultural employment of the two 

sexual truths results in the public perception of breast exposure as public indecency and sexually 

inappropriate. This is because breastfeeding in the west is ‘constructed as something which ought 

to be hidden’ (Williamson et al. 2011, 444). The social relations that breastfeeding mothers exist 

in when in public provide a framework of interpretation upon which to construct that which is 

perceived as socially appropriate or inappropriate behaviour (Marshall et al. 2007). The two sexual 

truths, the onlookers who produce them, and the processes of power all constitute determinate roles 

in this ongoing social nexus. The result of these negotiations is that ‘breastfeeding women are 

marked and marginalised in the public sphere…through a process of intersubjective affective 

practice’ (Boyer 2012, 553), or in other words, the emotional negotiation between the mother and 
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onlookers in the act of and the observation of breastfeeding results in the former to be repressed in 

some way. Here I can note how ‘the sexualisation of the breast underlies the taboo of breastfeeding 

in public’ (Johnston-Robledo 2007, 431) as it ‘destabilises prevailing understandings about how 

public space should be used’ (Boyer 2009, 559). It is exactly this social process that is one of the 

major obstacles in women breastfeeding freely in public and therefore also a barrier to achieving 

levels of breastfeeding advocated by the WHO (Clifford & McIntyre 2004).  

 The recorded reactions of members of the public, or outsiders, to a mother breastfeeding her 

infant as the result of these social processes are manifold. In a study conducted by Scott and 

Mostyn (2003) that consisted of focus group interviews with low-income Scottish women, nearly 

every woman expressed some form of embarrassment at the prospect of breastfeeding in public. 

The mildest responses by members of the public are “funny looks” and “tuts”, but often off-the-

hand and rude comments are also made by onlookers (Boyer 2012). Mothers regularly feel 

expected by others to breastfeed in private, and often this is facilitated by doing so in department 

store dressing rooms and cars (Stearns 1999). They may also resort to breastfeeding in designated 

lactation rooms and, as recently introduced in the US, a Potable Lactation Model (PLM), a small 

structure meant for use in public spaces such as shopping centres that can be set up and transported 

easily (Boyer 2012). When mothers do choose to breastfeed in public, there is generally a 

pervading sense of the importance of discretion achieved by at least using blankets or baggy shirts 

to cover both the baby and the breast (Spurles & Babineau 2011).  

 The actions taken by mothers as a result of these reactions from outsiders have proven to be 

potentially damaging to the physical or mental health of her and her infant. As stated, successfully 

breastfeeding has been shown to have positive effects on a mother’s self-esteem (Galupo & Ayers 

2002) as it directly constitutes a part of their perceived identity as a “good mother” (Marshall et 

al. 2007), but because of the problems met when trying to breastfeed in public, many women either 

choose to bottle feed in public or even stop breastfeeding altogether (Wolf 2008). This therefore 

can have negative effect on their self-esteem and positive sense of identity as a mother (Marshall 

et al. 2007). Moreover, the short-term physical health of the baby can be compromised when 

blankets and baggy shirts are used to hide them whilst breastfeeding because it can cause the infant 

to overheat (Spears 1999). Moreover, the long-term health benefits to both the mother and child, 

as stated earlier, are also put at risk.  

 Let me now return to a more theoretical perspective and explore further the consequences of 

truth and power in the repression of mothers and infants in regards to public breastfeeding. As 

stated, mothers and infants are subjected to power and repression through the two sexual truths. 

However, Foucault (1994) also theorises that ‘these relations of power cannot themselves be 

established… without a certain economy of discourses of truth which operates through and on the 

basis of this association’ (211). Therefore, it is the continued production and naturalisation of the 

two sexual truths that directly constitute the power dynamics which make such truths true. By 

producing the two sexual truths in the social negotiation of breastfeeding in public, the sense-

making basis on which the two truths are constructed is continually established via the route of 

power, the route by which mothers and their infants are repressed. In this section, I have analysed 

exactly how this process occurs via the public reactions of outsiders, but there is a further critical 

dimension of this process that I shall now cover.  

The Mother & the Father as Vehicles of Power  

Insofar the existence of truth and power have been explored, and whilst the procedure in which 

the two sexual truths are engaged with by outsiders has been covered, the manner in which the 

mother and father interact with the two sexual truths has not. In ending my analysis here I might 
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contradict a central paradigm to Foucault’s (1994) conceptualisation of power – that power is 

simultaneously employed onto you and exercised by you within the process whereby we are forced 

to construct the truth that our society requires us to construct. In this light, I shall analyse how the 

father and mother exercise power through the production of the two sexual truths resulting in the 

repression of the mother and her infant. I will mention that whilst some of the former points of 

analysis shall be revisited, they will be done so under a slightly different theoretical perspective.  

The Father as a Vehicle of Power  
Fathers may discourage public breastfeeding out of concern for the mother’s integrity and safety. 

In a study of 18 focus groups in the USA, Avery et al. (2011) found that many fathers expressed 

difficulty in reckoning the sexual and maternal functions of their partner’s breasts when 

breastfeeding in public; it was perceived as inappropriate exposure and therefore they actively 

discouraged it. Similar findings were obtained by Spurles & Babineau (2011), and many fathers 

actively advocated against the mothers of their children breastfeeding in public as exposure of the 

breast was perceived as potentially endangering to her.  

 Conceiving a man’s perception of breastfeeding in public as endangering the mother is 

unsurprising, however the act also potentially puts his own social integrity at risk too. A study on 

white, low-income men in northern England demonstrated a link between the protection of the 

mother’s modesty by discouraging public breastfeeding and the strength and stability of a father’s 

own masculinity. For example, when questioned on the subject of public breastfeeding and worried 

about the possibility of inappropriate male attention, a teenage father-to-be stated ‘I couldn’t let 

my bird do that, just get her tit out’ (Henderson et al. 2011, 65). This statement is both protective 

and possessive, and through tracing nuance it is possible to identify how the resultant effects on 

the father that exposure of the mother’s breast might have.  

 What is important here is to state the importance men play in a woman’s breastfeeding 

practices. The role of male partners has been found to be crucial in the determining of a mother’s 

breastfeeding decisions (Wolfberg et al. 2004) and discouraging a partner ‘could be a real deterrent 

to women’s desire to breastfeed at all’ (Stearns 1999, 318). Men therefore do not just occupy 

outsider roles as onlookers, but men as the father of a mother’s child may also fulfil an active role 

in how the mother formulates her opinion on breastfeeding. By discouraging a mother from 

breastfeeding, whether out of concern for the social face of her or himself, the father is an active 

figure in the production and proliferation of the two sexual truths and the repression of the mother 

and child. On a cautionary note, there is evidence showing that even if a father supports the mother 

of his child breastfeeding in public, he often still disapproves of other women doing so (Vaaler 

2011). Therefore, there is not a concrete delineation between a male onlooker’s stance on public 

breastfeeding and the position fathers may take in the support or discouragement of the mother’s 

breastfeeding regime.  

The Mother as a Vehicle of Power  
The mothers of newborns often demonstrate the naturalisation, internalisation, and production of 

the two truths as they themselves serve as vehicles of power in their own repression. One way this 

occurs is through their own definition of their breasts as primarily sexual objects. This mechanism 

has been identified as self-objectification, wherein external perceptions are adopted by the person 

themselves, which in this case is the sexualisation of the breast (Spurles & Babineau 2011). This 

process occurs regardless of a woman’s reproductive choices, but once a woman is required to 

breastfeed an infant this internalisation creates a difficult situation in which a mother is required 

to navigate the newly encountered dichotomy of her breasts as sexual and/or maternal (Stearns 
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1999). As stated, the majority of mothers see their breasts for the exclusive pleasure of their partner 

(Galupo & Ayers 2002) and the potential exposure of their breasts during breastfeeding in public 

is perceived as a shameful act (Williamson et al. 2011). This can be evidenced in many women’s 

worries of specifically “flashing”, a word usually referencing an inappropriate and unwanted 

instance of public nudity, and also the labelling of potential breastfeeding onlookers as “perverts” 

and “weirdos” (Stearns 1999).  

 The modifying of breastfeeding practices as a result the two sexual truths both constitutes 

these truths and invokes a kind of self-repression. Many mothers have openly stated to researchers 

the opinion that breastfeeding in public is inappropriate, and certain measures need to be taken in 

order to respect those around you (Spurles & Babineau 2011). As stated earlier, many women 

choose to use a variety of techniques to conceal or avoid breastfeeding in public. Whichever 

modification of breastfeeding they engage in, or actually the fact that any modification is made at 

all, contributes to the construction of the two truths and can lead to the obstruction of health in the 

mother and infant. 

Discussion  

What is clear from my research is that the issue of low breastfeeding rates in the UK, US, and 

Canada are extremely complex. Other critical factors in a mother successfully undertaking the 

breastfeeding programme recommended by the WHO can include disorientation after experiencing 

the conflict of expectations vs. reality (Williamson et al. 2011), breastfeeding laws related 

specifically to the workplace (Murtagh & Moulton 2011), the number of children a mother has had 

(Stearns 1999), and cultural perceptions of the exchange of bodily fluid involved in breastfeeding 

(Boyer 2012). Therefore, this research should by no means be misconceived as having the purpose 

to fully explain low breastfeeding rates. It should be seen as a theoretical analysis of a very specific 

aspect of breastfeeding culture that contributes to a wider academic discourse on the difficulties of 

breastfeeding in general.  

Whilst this piece of research was initially undertaken due to a personal interest in medical 

anthropology and public spaces, feminism and gender inequality became the central paradigm. As 

Stearns (1999) found, breastfeeding provides a lens through which the wider position of a woman 

in society can be discovered. Through theoretically examining the practice of breastfeeding, the 

female body, and public space, we can identify bridges to the wider hegemonic ideologies of 

gender and situate breastfeeding within a feminist discourse. What is required now is a greater 

analysis of resistance against such hegemonies in specific reference to the two sexual truths as 

covered here. There can be found a thematic undertone of the sort in the literature I covered, for 

example some women undergo processes of self-acceptance or redefinition in explicitly embracing 

the maternal nature of their breasts when breastfeeding (Galupo & Ayers 2002; Stearns 1999). 

However, there has been little in depth, expositional analysis of resistance specifically to the 

sexualisation of the female breast through breastfeeding in public. The potential future of such 

trajectories is of both academic and feminist relevance.  

 Breastfeeding is widely accepted to have a variety of long-term and short-term, mental and 

physical benefits to the mother and her child. Whilst historically there have been different 

recommendations by health officials on the best way to feed a newborn baby, breastfeeding 

exclusively for the first six months is currently recommended by the WHO. Furthermore, legal 

protection for mothers breastfeeding in public is provided in most scenarios in the UK, USA, and 

Canada. Despite this these countries exhibit breastfeeding rates well below WHO 

recommendations. A great force behind this is that fact that breastfeeding in public engages with 
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a large and complex socio-cultural negotiation in which the female breast as a sexual object is a 

central pillar.  

 Foucauldian notions of power are useful for exploring the dynamics of this negotiation. 

Foucault (1994) theorised that the manner in which we live is determined by the truths of our 

society, and that the study of power in this dynamic can also be conceived as the study of 

repression. Here I have argued how the “two sexual truths” of the female breast, that consist of the 

breast as a culturally specific sexual object, and the breast as existing in the paradox of at once 

“for others” but also “exclusive”, result in the repression of the mother and her infant by members 

of the public. This, in turn, may result in the interruption or modification of her and her infant’s 

breastfeeding regime. Consequentially, this has the potential to harm her and her baby as it may 

disturb the success of the stated health benefits of breastfeeding. Furthermore, the power relations 

involved in the production of truths cannot themselves exist without the economy of truths they 

enforce (ibid), and so the two sexual truths are both the result of power relations but also the 

facilitator of these power relations as each makes sense of the other – it is a mutually constituting 

system.  

Conclusion 

As Foucault (1994) stated, individuals are not just the objects of power but also the exercisers of 

it. Therefore, it was natural to examine how the father and the mother acted as vehicles for the 

mother’s and infant’s repression. Via advocating against a mother breastfeeding in public, whether 

out of protection for her or himself, the father acts as a vehicle by which the two sexual truths are 

enforced and (re)produced. In regard to mothers, by internalising and reproducing the external 

opinions of their bodies through self-objectification, and by altering their public breastfeeding 

practices in line with what is considered socially acceptable, they too are active vehicles through 

which the two sexual truths are enforced, through which they self-repress, and through which their 

repression is continued to be made logical.  

 As discussed, the issue of breastfeeding public is greatly complex, and this study is by no 

means a sole explanation for low breastfeeding rates in the USA, UK, and Canada. It is however 

a deep analysis of one issue in breastfeeding culture and points towards the wider issues regarding 

the deeply engrained sexism of the West through perceptions of the female body. Research of this 

kind should not be accepted and considered as narratives of the past, but should be used to 

understand ways in which we can confront the future. In the social realms of breastfeeding, to 

understand how we are the vehicles of our own repression, or the repression of those we love, is a 

starting point by which we can begin to initiate change towards equality and medical prosperity.  
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Hubs of Human Brain Networks  
and their Development (a Review) 

Sofia Orellana 

University College, Utrecht University 

The anatomical arrangement of the human brain can be considered as a network, 

where distinct regions on the surface of the cortex (grey matter) are considered as 

nodes, and the set of white matter bundles in between them are taken as edges. A 

feature common to all structural brain networks is that of hubs: a small set of highly 

connected or highly important nodes. The present paper reviews how these 

structures are defined in neuroscientific studies, as well as the nature of their 

topological importance. It further examines the notion that hubs do not change 

through the course of development by contrasting the findings and methodologies 

of the existing literature.   

 

 

The human brain is known to undergo important developmental changes within the first two 

decades of life: from birth until age two, drastic pruning of synaptic connections and refinement 

of the connectivity profile between brain regions takes place (Collin & van den Heuvel, 2013). 

Within this same early period, myelination of axons is thought to begin (Haynes et al., 2005), a 

protracted process shown to continue into early adulthood by MRI measures of white matter 

volume, which also takes place in parallel to reductions in cortical thickness (Giedd & Rapoport, 

2010). Research has shown that these refinements to brain structure play an important role in the 

normative emergence of healthy cognition, affection and behavior; therefore making the brain 

particularly vulnerable to disease and neurological disorders in the early-life time window (Giedd 

& Rapoport, 2010). In particular, adolescence represents the period within the human lifespan with 

the highest risk and incidence of a variety of psychiatric disorders (Paus, Keshavan, & Giedd, 

2008). Therefore, understanding how normative development from childhood and until the end of 

adolescence takes place can provide insight into the ways in which brain maturation trajectories 

diverge in mental illness.  

A convenient approach for the characterization of brain morphology is through a complex 

networks perspective. Within this context, distinct regions of grey matter of the cortex  are 

considered as nodes, whilst the macroscopic axon fiber bundles connecting them are taken as edges 

(Bullmore & Sporns, 2009). The resulting representation of the brain as a network is often referred 

to as a connectome (Hagmann, 2005; Sporns, Tononi, & Kötter, 2005).  This conceptualization 

has enabled the identification of the rules that dictate the organization of macro-connections 

between different brain regions, as well as their common topological properties as measured by 

graph theoretical metrics (Bullmore & Sporns, 2012), allowing the comparison between healthy 

and clinical populations (Braun, Muldoon, & Bassett, 2015) and the description of patterns of brain 

development (Collin & van den Heuvel, 2013; Vértes & Bullmore, 2015). 

                                                 
 Author e-mail:  s.d.c.orellana@students.uu.nl. The original version of this paper was written as part of a thesis project 

under the supervision of Rachel Brouwer of the University Medical Center Utrecht.   
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Understanding the evolution of the connectome from childhood to adolescence is of particular 

interest, as this has the potential to elucidate the developmental steps leading towards normative 

brain organization. Therefore, the present review aims at outlining the current state of knowledge 

concerning one of the main attributes of human brain networks, the presence of hubs (Bullmore & 

Sporns, 2012). Hubs refer to a few nodes whose importance, as determined by either their number 

of connections or other metrics, is rather high in comparison to the rest of the nodes in the network 

(van den Heuvel & Sporns, 2013). To achieve this the topological and biological importance of 

these special nodes is first highlighted. Following, an in-depth examination on the existing 

literature concerning their nature within the first two decades of life is provided (see table 1). 

Finally, the notion that hubs do not change during this period is examined. 

Hubs and Their Definition 

One of the relevant aspects in the organization of structural brain networks is that connections are 

not evenly distributed across nodes. Specifically, the probability that a given node has number of 

connections equal to 𝑘, where the number of connections is known as the node’s degree, is given 

by a truncated fat-tailed distribution (Iturria-Medina, Sotero, Canales-Rodríguez, Alemán-Gómez, 

& Melie-García, 2008). This phenomenon signals the existence of a few highly-connected nodes, 

where the rest are sparsely connected. These outlier nodes are known as hubs, and are one of the 

topological trademarks of brain and other physical networks (Bullmore & Sporns, 2012).  

However, it can be argued that degree alone is not a sufficient measure for the identification of 

hubs within a network. More generally, these nodes are taken to be “positioned to make a strong 

contribution to global network function” (van den Heuvel & Sporns, 2013, p. 684). Therefore, this 

conceptualization ought to consider other measures capable of summarizing the different aspects 

of a given node’s contribution. Consequently,  the detection of hubs can be approached through 

many distinct, but highly correlated, graph theory measures rather than degree alone  (van den 

Heuvel & Sporns, 2013). Some examples of these include betweenness centrality – the number of 

communication paths that a node participates in-, closeness centrality – the average distance 

between a given node and the rest of the network-, or eigenvector centrality –  a quantity expressing 

the importance of a node based on whether it is connected to other nodes deemed to be highly 

important, such as one with high degree (Rubinov & Sporns, 2010; van den Heuvel & Sporns, 

2013).  

In an ideal situation, important nodes are identified by aggregating their ranking across 

different measures of hubness (Bassett et al., 2008; van den Heuvel, Mandl, Stam, Kahn, & Pol, 

2010). However, there is no common protocol for selection of graph metrics in the process of hub 

isolation, and most studies tend to choose a single measure as their guideline (Baker et al., 2015; 

Hagmann et al., 2008; Huang et al., 2015). This later approach implies that there will be an 

ambiguous ranking for nodes who happen to score highly in some measures but moderately in 

others - i.e. the top three hubs will not be the same in betweenness centrality vs. eigenvector 

centrality (Sporns, Honey, & Kötter, 2007). However, this issue is mitigated by the fact that nodes 

-or brain areas- whose importance is most prominent, will still be robustly identified as hubs 

regardless of the chosen metrics (van den Heuvel & Sporns, 2013). In line with the former, these 

important regions are commonly found to lie within superior-frontal and parietal areas (Hagmann 

et al., 2008; van den Heuvel & Sporns, 2013). 

Hubs’ Contribution to Topology 

A crucial remaining question, however, is how the importance of hubs can be understood in terms 

of a network’s spatial arrangement. To answer this, it is relevant to first note that the global 
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organization of brain networks is characterized according to the principles of a small-world 

topology (Bassett & Bullmore, 2006). Spatially adjacent brain regions tend to have a lattice-like 

arrangement of highly clustered connections, forming modules which are oftentimes functionally 

specialized and segregated. However, biologically costly long-distance fiber bundles are found in 

between these modules, facilitating integration of information exchange and increasing the 

randomness of the network (Bullmore & Sporns, 2012). The right balance between segregation 

and integration is what brings about the small-world properties (Watts & Strogatz, 1998); highly 

clustered modules become easily accessible by virtue of a diminished characteristic path length as 

facilitated by these long-range connections.  What is notable about said connections is that these 

favor linking to hubs when it comes to the brain (Bullmore & Bassett, 2011; Markov et al., 2011). 

Thus, hubs reduce the overall steps necessary to reach some node 𝑖 from any node 𝑗 (i.e. decrease 

the characteristic path length), by virtue of both their high degree as well as their propensity to 

interconnect different modules. However, hubs’ contribution to integration is not of a uniform 

fashion. These structures are embedded within the network’s topology in two forms: either as 

provincial hubs, which preferentially link to nodes within the module they belong to, or as 

connector hubs, which preferentially connect to nodes in modules other than their own (Guimerà, 

Sales-Pardo, & Amaral, 2007; Hagmann et al., 2008).  Additionally, integration is further enhanced 

by the propensity of hubs to interconnect with each other at a rate higher than would otherwise be 

predicted by their degree. The resulting structure is known as the so-called “Rich-Club” (van den 

Heuvel & Sporns, 2011).  

Notably, it appears that the topological properties of brain networks also reflect the functional 

properties of the connections they represent. For instance, the way in which the brain’s anatomical 

configuration favors functional segregation is echoed in the modular organization of its respective 

structural networks (Meunier, Lambiotte, Fornito, Ersche, & Bullmore, 2009; Tononi, Sporns, & 

Edelman, 1994). It can be argued that another example may be found in the rise of higher cognitive 

processes, such as working memory, problem solving, and planning. These forms of cognition are 

not distinctly localized within the cortex and are thought to arise through global communication 

between different regions  (Dehaene, Kerszberg, & Changeux, 1998; Singer, 1993). There is 

evidence that such communication necessitates a structural backbone of axonal interregional 

projections (Fuster, 1997; Goldman-Rakic, 1988). Interestingly, one of the properties of hub 

regions is their preferential attachment to long distance intra-modular fibers, an already highly 

important anatomical role (Hagmann et al., 2008). From a purely graph theoretical perspective, 

these fibers make hubs an element of network integration. Assuming a close link between 

mathematical topology and function, it is possible that by virtue of their connections hubs facilitate 

the emergence of the type of communication necessary in the aforementioned cognitive processes. 

Potential evidence for this line of reasoning is further emphasized by the fact that brain regions 

commonly classified as hubs are oftentimes association cortical areas, known to play a role in the 

unification of multimodal stimuli (Meunier et al., 2009; Sporns et al., 2007). 

From the evidence highlighted above, it is reasonable to conclude that hubs play a central role 

in brain function and behavior. It is therefore unsurprising that these network structures are often 

compromised in disease, such as in the case of schizophrenia, temporal lobe epilepsy, as well as 

others (Crossley et al., 2014; Rubinov & Bullmore, 2013). To understand the role of hubs in 

pathology, it is of importance to first elucidate the mechanisms behind their normative 

development in roughly the first two decades of life. Specially, since the processes taking place in 

this time window make the brain particularly vulnerable to adolescent-onset psychiatric disorders 

(Paus, Keshavan, & Giedd, 2008). Therefore, the following section further explores current 
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research findings concerning structural changes, or lack thereof, of hubs from childhood to 

adolescence.   

Brain Network Hubs in Development 

In the final weeks of gestation, and right after birth, the brain undergoes dramatic changes at 

the microscopic level (Lagercrantz, Hanson, Ment, & Peebles, 2010). However, even though 

cortico-cortical connections are also undergoing physiological maturation, these already display 

features characteristic to the adult connectome. For instance, an MRI study of 27 neonates born 

preterm -scanned at a gestational age (GA) of approximately 30 weeks- revealed that a modular, 

as well as a small world organization, are already present in the human brain at this point. Follow 

up at GA= 40 weeks showed an increase in the small-world index of the neonate’s networks, 

signaling that global configuration is still maturing in the weeks preceding full term birth. Most 

importantly, the adult-like arrangement was further evidenced by the existence of hubs organized 

in a Rich-Club configuration upon preterm birth. Among the detected hub regions were the 

cingulate cortex, as well as subsections of the superior frontal and superior parietal cortices (van 

den Heuvel et al., 2015), showing some commonalities with adult networks (van den Heuvel & 

Sporns, 2013). These findings concerning global organization  are consistent with connectome 

studies in full term neonates (Ratnarajah et al., 2013).  

Approximately 85% of all cortico-cortical connections found on average in the adult brain are 

already present at birth (van den Heuvel et al., 2015). By age two, there are almost no discrepancies 

in the existing macroscopic pathways between children and adult brains. From there, until the end 

of adolescence, very few white matter axonal connections are being created or pruned (Hagmann 

et al., 2010).  However, these fiber bundles are still undergoing important maturational processes:  

their white matter volume increases due to escalation of myelination and axonal diameter, and the 

axons are becoming more aligned and densely packed together; changes which are considered to 

favor improvement of neural communication (Paus, 2010). These facts imply that, from a strictly 

topological and unweighted perspective, brain regions regarded as network hubs should not 

fundamentally change through the course of child-adolescent development. Instead, the significant 

changes associated with hubs ought to be found in the connections that reach them (Baker et al., 

2015). 

Variability in Hub-Linked Connections Through Development 

Graph theory metrics used to identify structural network hubs rarely consider the brain as a binary 

system. Rather, weights describing some property of the connections are commonly assigned to 

the edges, and consequently incorporated in the calculation of the desired metrics (Rubinov & 

Sporns, 2010). Some of the most commonly weight-described-properties are fractional anisotropy 

(FA) which is a proxy measure for the integrity of the fiber bundles, number of streamlines (NOS) 

which represents the amount of connections detected between two ROIs, and probabilistic 

tractography (PT) which gives the likelihood that two regions are connected given the water 

diffusion profile of the tracts between them (Beaulieu, 2002; Behrens, Berg, Jbabdi, Rushworth, 

& Woolrich, 2007; Hagmann et al., 2007). Such measures provide insight into the state of the 

aforementioned cellular refinement processes taking place along the axon bundles during 

development (Assaf & Pasternak, 2008). Additionally, they enable us to create a more realistic 

picture of the network’s features, as the fact that not all edges contribute equally is properly 

acknowledged.  

 The incorporation of weights into graph metrics potentially explains why some studies report 

the emergence and fading of certain brain regions as hubs, in the course from childhood to 
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adolescence. For instance Huang and colleagues (2015) examined differences and commonalities 

in brain hubs amongst neonates, toddlers (mean age 2.3 years) and preadolescents (mean age 11.8 

years). The weight of the connections was given by probabilistic tractography, and a node was 

classified as a hub when its efficiency was one standard deviation higher than the average 

efficiency of the network.  The study found sets of hubs that were either distinct for the neonate-

toddler age groups, or the groups of toddlers and preadolescents. Since the number of connections 

between any two regions can be considered as stable from childhood to adolescence (Luo & 

O’Leary, 2005), these findings highlight how changes in the physiology of the macroscopic 

connections can alter the importance a given node has in the network. Nonetheless, supporting the 

idea that the most relevant nodes will be robustly identified regardless of the implemented 

methodology,  Huang and colleagues (2015) also found a set common to all age groups: the 

precuneus,  precentral gyrus, and the right cuneus.   

However, it is still possible for white matter microstructure to drive longitudinal changes in 

hub selection when the brain is considered as a binary network (Dennis et al., 2013). The reason 

behind this is that network construction necessitates algorithmic fiber tract reconstruction, based 

on the acquired diffusion weighted images of the brain (Hagmann et al., 2010; Wen et al., 2011). 

Even though sometimes connections between any two regions may exist, if their integrity is not 

consistent enough or if the measurement is noisy (e.g. motion), it is possible they are missed by 

the algorithm (Behrens et al., 2007). Thus, as the fiber bundles mature through development, the 

generated networks of older individuals seem to possess “newly formed” connections or edges. 

This is illustrated by a study from Dennis and colleagues (2013) comparing both adolescents  (ages 

12 to 16) and adults (ages 20 to 30). Here, a connection was deemed to exist if at least one 

streamline connected two given ROIs, yielding an unweighted network. Analyses recognized 14 

common high degree nodes (hubs) in both age groups from a total of 18. The discrepancy in the 

remaining four nodes is attributed by the authors to significant maturational processes capable of 

influencing the connectome. We speculate that these processes are of such nature that they affect 

the ability of the MRI and DTI technologies to detect already existing fiber tracts, and thus 

differences in hubs could be attributable to newly detected connections instead of newly formed 

ones. Additionally, it is not possible to rule out other sources capable of introducing variability in 

edge detection, such as head motion artifact differences between children and adults (Yendiki, 

Koldewyn, Kakunoori, Kanwisher, & Fischl, 2014).   

 Nonetheless, most studies work under the reasonable assumption that no new macroscopic 

connections are created in the brain from age two onwards (Hagmann et al., 2010; van den Heuvel 

& Sporns, 2013). Therefore, variability in hub structures across studies and developmental 

trajectories could be attributed to differences in methodology or changes in connection weights, 

respectively. Consequently, the development of structural brain hubs is better understood by 

profiling the changes taking place across the connections attached to them. In line with the former, 

Baker and colleagues (2015) investigated the characteristics of two specific sets of edges suffering 

significant microstructural changes over the course of late adolescence: a first one containing edges 

which sustained increases in FA and NOS values between ages 16 to 18, and a second one with 

edges sustaining a reduction in NOS in the same time period. These sets comprised a relative small 

proportion of the existing links within the network, however, they tended to connect regions 

located throughout the entire brain rather than being spatially confined. Most importantly, Rich-

Club connections (those bridging hubs with hubs) were proportionally overrepresented in both 

sets.  
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Table 1: Methodological variations and results of studies assessing early developmental changes 

in hubs of the human structural connectome from 2010 to 2015. 

SVD = Streamline volume density, which describes the number of streamlines between two ROIs normalized 

by the sum of their volumes; NOS = number of streamlines; *=  the connection was deemed to exist if at 

least one streamline was present between two ROI’s. 

 

 The findings by Baker and colleagues (2015) signal that adolescence is associated with 

changes in the microstructure of a selected group of cortico-cortical connections, and more 

specifically, that hub-associated network architecture undergoes the bulk of these refinements.  

Given the relevance of the aforementioned connections for network wide communication (van den 

Heuvel, Kahn, Goñi, & Sporns, 2012), it is possible that these neurodevelopmental processes have 

“potentially important implications for… mental health” (Baker et al., 2015, p. 9084). This is 

further contextualized by evidence that purposeful model attacks on Rich-Club connections have 

a clear impact on communication capacities within the network, of which behavior is the ultimate 

outcome (de Reus & van den Heuvel, 2014). Even though model-studies lack a direct 

neuropsychological link, compromised integrity of the links lying between hub regions has been 

shown to be a feature of certain psychiatric diseases such as schizophrenia (van den Heuvel et al., 

Study 

(Year) 

Longitudinal/ 

Cross-

sectional 

N Age 

range 

Connection 

Weights 

Hub 

identification 

Main findings 

Hagmann 

et al., 

2010)  

Cross-

sectional 

30 (16 

female) 

0.8 

months – 

18 years 

SVD 

Highest 

betweenness 

centrality 

Adult-like hubs and 

modular structure are 

placed by age two. 

Dennis et 

al. (2013) 

Cross-

sectional 

102 (56 

female) 

12-16 

years 
Unweighted* Not specified 

14 adult hubs (from a 

set of 18) are present in 

the adolescent 

connectome. 

Ratnarajah 

et al.(2013) 

 

Cross-

sectional 

124 (58 

female) 
Neonates 

Streamline 

Volume 

Density 

Betweenness 

centrality 

Hubs structures are 

present at birth and are 

asymmetrically 

distributed across 

hemispheres. 

Huang et 

al. (2015) 

Cross-

sectional 

50 (19 

female) 

0 months 

– 13 years 

Probabilistic 

Tractography 

Highest 

efficiency 

Most hubs change 

between the neonate, 

toddler (mean age 2) 

and preadolescent 

(mean age 11) age 

groups; Excepting: 

bilateral precentral 

gyrus, bilateral 

precuneus and right 

cuneus. 

van den 

Heuvel et 

al. (2015)  

Longitudinal 
27 (13 

female) 

30 weeks 

GA – 40 

weeks 

GA 

NOS 
Highest 

degree 

Hubs are a feature of 

the preterm brain. 

Baker et al. 

(2015) 
Longitudinal 

31 (13 

female) 

15-19 

years 
SVD 

Highest 

degree 

Hubs do not change 

between ages 15 and 

19. 
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2013). These findings further support the line of reasoning stating that deviations from the normal 

course of microstructural refinement within hub-hub fiber tracts can have detrimental outcomes. 

Therefore, the conclusions from Baker and colleagues (2015) ought to motivate further research 

on the integrity of connections within hub’s network embedding across earlier stages of the 

lifespan, such as childhood.  

Conclusion 

It can be stated that hubs are highly important structures within brain network architecture. They 

have an integrative role which is both reflected in their topological embedding as well as in the 

functional characteristics of the neuronal populations within them (Bullmore & Sporns, 2012; 

Sporns et al., 2007). Despite the fact that their identification is prone to variability facilitated by 

methodological discrepancies across studies, a certain set of hub areas is often robustly identified 

(van den Heuvel & Sporns, 2013). Moreover, throughout the course of development, the number 

of connections attached to hubs experience little to no change, and their degree remains constant. 

Therefore, observed variability on the nodes that are classified as hubs over the first decades of 

life is partly attributable to maturational changes in the weights of their associated connections. 

Finally, there is direct evidence that, at least during adolescence, links between hub regions are 

withstanding a proportionally greater amount of refinements relative to the rest of the connections 

within the brain (Baker et al., 2015). This signals that the maturation of the set of fiber tracts 

involved in the characteristic patterns of hub connectivity (i.e. Rich-Club edges) is a complex 

process of potential importance for behavior and mental health, further highlighting the relevance 

of hub structures in brain networks.  
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Effects of iron deficiency in a  
Von Hippel-Lindau disease cellular model system 
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Von Hippel-Lindau disease (VHL) is characterized by mutations in the VHL gene, 

which encodes a protein (pVHL) that is involved in cellular oxygen homeostasis. 

When pVHL fails to recognize and degrade the hypoxia-inducible factor (HIF) 

transcription factor under normoxic conditions, inappropriate expression of HIF 

target genes facilitates tumorigenesis in the kidneys, retina, cerebellar blood 

vessels, and other organs. Importantly, pVHL-HIF binding requires hydroxylation 

of HIF, and this reaction depends on iron as a cofactor. It was therefore 

hypothesized that iron deficiency can affect the course of VHL. Low ferritin levels 

are in fact observed in some VHL patients, but the clinical relevance of this iron 

deficiency is unclear. This investigation focused on the impact of iron deficiency 

on growth and HIF target gene expression of 786-0 pVHL-deficient renal cell 

carcinoma (RCC) cells. Iron deficiency decreased growth and increased the 

expression of HIF target genes, indicating a potentially tumorigenic effect on RCC 

cells.   

 

 

Introduction 

Von Hippel-Lindau disease (VHL) is an autosomal hereditary cancer syndrome with a birth 

incidence of 1 in 36 000 [1]. It is associated with clear-cell renal cell carcinomas (RCC), blood 

vessel tumours (haemangioblastomas) of the retina, cerebellum and spinal cord, neuroendocrine 

tumours of the adrenal medulla (phaeochromocytomas), and other types of tumours or visceral 

cysts. These symptoms typically develop during the second to fourth decades of life (see review 

[2]). Life expectancy is significantly reduced in VHL compared to the general population[3], 

with RCC and haemangioblastomas being the main causes of mortality [2]. Although regular 

clinical monitoring of VHL patients is intended to increase their life expectancies, many of the 

VHL lesions have no cure except surgery. A VHL-related disorder, Chuvash polycythaemia, is 

endemic in the autonomic republic Chuvashia (Russian Federation) and characterized by 

haematocrit levels above 55% and inappropriately high erythropoietin (EPO) levels relative to 

haemoglobin levels [4]. Both VHL and Chuvash poly cythaemia are caused by mutations in the 

Von Hippel-Lindau gene (VHL) [5], encoding a 30 kDa protein (pVHL) that consists of 213 

amino acids and is part of a ubiquitination complex. One missense mutation that causes an 
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Arg200Trp substitution in pVHL underlies conventional Chuvash polycythaemia [4], whereas 

hundreds of VHL gene mutations are associated with VHL [6].  

 The molecular pathogenesis of VHL involves dysregulation of the hypoxia-inducible factor 

(HIF) transcription factor [7, 8] (figure 1). HIF is a heterodimer consisting of an α unit (functional 

isotypes HIF-1α and HIF-2α are identified) and a β unit. Both HIF-α and HIF-β are constitutively 

expressed, but the stability of HIF-α is regulated by prolyl hydroxylases, which are sensitive to 

oxygen levels [9] (see review [10]). In the presence of oxygen, HIF-α becomes hydroxylated and 

binds pVHL [11]. This results in ubiquitination and subsequent proteasomal degradation of HIF-

α [12]. In the absence of oxygen, however, hydroxylation is prevented, resulting in dimerization 

of stable HIF-α with HIF-β and initiation of transcription. The target genes are HIF-isotype and 

cell type specific [2, 13, 14]. HIF-2α is crucial in the pathogenesis of RCC [15]. Its target genes 

include HIF prolyl hydroxylases [16], EPO[7], the angiogenesis promoting vascular endothelial 

growth factor (VEGF), cell proliferation and apoptosis mediators cyclin D1 (CCND1) and BNip3 

(BNIP3) [14], carbonic anhydrases IX and XII (CAIX and CAXII) and other metabolic enzymes 

[13, 17], vasomotor regulator endothelin 1 (EDN1) [18], and E-cadherin (E-CAD) [17], among 

many others. They regulate important cellular processes that are adaptive to the cell during 

hypoxia, such as altered cell growth, glycolytic energy metabolism, pH balance and angiogenic 

signalling. However, inappropriate expression (i.e. gene transcription not regulated by oxygen, but 

as a result of impaired HIF regulation) results in the clinical symptoms of VHL and Chuvash 

polycythaemia [2].  

 Interestingly, the hydroxylases that regulate HIF in an oxygen-dependent manner use a Fe2+ 

cofactor to catalyse the reaction [10]. Accordingly, the presence of an iron chelator, 

desferrioxamine (DFO), was found to inhibit binding of HIF-α to pVHL[8]. DFO indeed decreases 

the catalytic rate of HIF hydroxylases [19, 20] and is used to inhibit these hydroxylases in many 

VHL-related studies [14, 17, 21]. Iron deficiency thus potentially inhibits HIF-α hydroxy-lation, 

resulting in increased HIF activity. In line with this theory, low ferritin in Chuvash patients 

increases the expression of some HIF target genes in mononuclear blood cells [22, 23]. However, 

expression of other target genes was found to be decreased [22, 23]. Primarily HIF-2 target genes 

seem downregulated by iron deficiency [23], perhaps because iron deficiency downregulates HIF-

2α translation [24]. Gene expression studies thus support contrasting effects of iron levels on the 

expression of HIF target genes in Chuvash blood cells. The physiological effects of iron deficiency 

on RCC cells in VHL, however, remain unclear. Gene expression studies with RCC cells have 

used high doses of DFO as control experiments to block HIF regulation and do not inform about 

physiologically relevant decreases in iron [13, 14, 17]. Also, no study has taken into account HIF-

independent effects of iron deficiency. 

 Iron deficiency is relevant in clinical practice. Low ferritin levels are observed in about 15% 

of the VHL patients monitored by the author (KD). Knock-out studies have also shown that 

deletion of VHL in murine hepatocytes results in low serum ferritin, probably via upregulation of 

haematopoiesis, providing a possible mechanism for VHL-induced iron deficiency [25]. There 

might therefore even exist a positive feedback loop between iron deficiency and VHL symptoms, 

although the results of this mice study should be interpreted with caution in the context of the 

clinic. Chuvash patients in particular risk iron deficiency due to the practice of phlebotomy to 

reduce pain and symptoms of the disease [26]. Phlebotomy was found to increase blood EPO levels 

[27]. It is also associated with higher tricuspid regurgitation velocity, which is independently 

predicted by iron deficiency [26]. So, induced iron deficiency may cause HIF-dependent 
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abnormalities in Chuvash patients. In contrast, the clinical consequences of low iron levels in VHL 

patients remain unknown. 

Here, we used DFO to mimic the effects of iron deficiency on cell growth and HIF-induced 

gene expression of patient-derived pVHL-deficient RCC cells. We found that iron deficiency, 

induced by DFO in the medium of the cell culture, interfered with proliferation of the cells. The 

same effect was observed with cells re-expressing wild type (WT) VHL, although the differences 

in cell counts were most profound in the pVHL-deficient cells in a dose-response experiment. DFO 

treatment also increased the expression of HIF target genes both in the presence and absence of 

pVHL. These results indicate that iron deficiency has a potentially harmful impact on both HIF-

dependent and HIF-independent cellular processes in RCC cells. Future in vivo studies are 

required to assess the phenotypical relevance of these findings. 

Materials and Methods 

Cell culture. 786-0 (pVHL-deficient) and 786-0/VHL (re-expressing VHL) cell lines were a 

generous gift from Rachel Giles (University Medical Centre Utrecht and Regenerative Medical 

Centre Utrecht). Cells were cultured in RPMI 1640 (Invitrogen, Carlsbad, Canada) with 10% Fetal 

Bovine Serum (Sigma-Aldrich, Germany), 2 mM L-glutamine, 100 units/ml penicillin and 

100μg/ml streptomycin. 

 DFO treatment. For the growth assays, cells were seeded in 12-well plates at a concentration 

of 3.5 x 104 cells/mL for at least 24 hours prior to incubation with DFO mesylate (Sigma-Aldrich). 

The seeded cells were rinsed with PBS and medium containing DFO or medium without DFO was 

added to the cells for the indicated duration of time. DFO was dissolved in water (1 g / 20 mL) and 

filtered before it was added to the medium. Experiments were carried out in triplicate. Cell counts 

were carried out immediately after incubation. 
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 Cell count. After trypsinization, cell samples were transferred to 10 μL counting frames and 

analysed by a TC 20 Automated Cell Counter (Biorad, Hercules, CA, USA). Manual counts were 

performed on the same counting frames using light microscopy at 100x magnification. The average 

count of two random slides was taken. A haemocytometer was used for the manual counts in the 

dose-response experiment. 

 RNA isolation. The Qiagen RNeasy Mini Kit (Qiagen, Venlo, The Netherlands) was used for 

RNA purification. Cells were suspended in 350 μL Buffer RLT (lysis buffer) and 350 μL 70% 

ethanol and transferred to spin columns. The columns were centrifuged for 15 seconds at >8000 x 

g (all centrifugation steps) and flow-through was discarded. Then a washing buffer was added and 

centrifugation repeated as above. The column membrane was incubated with DNase for 15 minutes 

at room temperature and again centrifuged with washing buffer. Two other washing steps held 

centrifugation (with buffer RPE) for 15 seconds and 2 minutes, respectively. Then 50 μL sterile 

water was added to the spin column and RNA was eluted by centrifugation for 1 minute into a new 

collection tube. Total RNA of each sample was measured with DS-11 Spectro-photometer 

(DeNovix, Wilmington, USA). 

 Reverse transcriptase qPCR. The iScript cDNA Kit (BioRad) was used for cDNA synthesis, 

performed according to the manufacturer’s protocol. Per sample, a total of 350 ng RNA and 150 

ng random primers were used. qPCR was performed with CFX Connect Real-Time System 

(Biorad), using 1 μL cDNA and IQ SYBR Green Supermix (BioRad). E-CAD, VEGF, PHD3, 

CCND1, BNIP3, CAIX, CAXII, EDN1 and ACTB (β-actin) primers were used (IDT, Leuven, 

Belgium). The samples and reference dilution series were run for 40 cycles of 10 seconds at 95˚C, 

10 seconds at 55˚C and 30 seconds at 72˚C. Sample Cq values were exported from CFX Manager 

(BioRad) for analysis. Gene-specific mRNA expression was normalized against ACTB 

expression, see Statistical analyses. 

 Primers.  The forward and reverse primers used were as follows:  
 

E-CAD17 5’-GACAAC AAGCCCGAATT-3’ and 5’-GGAAACTCTCTCGGTCCA-3’; 

VEGF17 5’-TGCCAAGTGG TCCCAG-3’ and 5’-GTGAGGTTTGATCCGC-3';  

PHD317 5’-GATGCTGAAGAAAGGGC -3’ and 5’-CTGGCAAAGAGAGTATCTG-3’;  

CCND128 5’-GGAGGAGAACAAACAGATCA-3’ and 5’-GTAGGACAGGAAGTTGTTGG-3’;  

BNIP328 5’-TTCTGAAAGTTTTCCTTCCA-3’ and 5’-TGTTGCAAGCTCAGAAGTAA-3’; 

CAIX 5’-GATCTGCCCAGTGAAGAGGA-3’ and 5’-TGTGGGCATTATTCTGGGGT-3’; 

CAXII 5’-AGTACAAAGGCCAGGAAGCA-3’ and 5’-CTTGCACTTGGGAGAAGGAG-3’; 

EDN1 5’-TCTCTCTGCTGTTTGTGGCT-3’ and 5’-CCAGGTGGCAGAAGTAGACA-3’; 

ACTB 5’AGAAAATCTGGCACCACACC-3’ and 5’-AGAGGCGTACAGGGATAGCA-3’. 

 

 Gel electrophoresis and Western blotting.  To test primer function (supplementary figure 

1), PCR products of 786-0/VHL cDNA were loaded on a 2% agarose gel for electrophoresis. The 

gel was stained with midori green nucleic acid staining solution (Nippon Genetics, Düren, 

Germany). A 1 kb reference ladder (BioRad) was used. For Western blotting, total lysates of equal 

amounts of 786-0 and 786-0/VHL cells in Laemmli sample buffer containing bromophenol blue, 

and a broad range marker (BioRad), were loaded on a 12,5% polyacryl gel with 0,1% SDS for 

electrophoresis (SDS-PAGE). Proteins were transferred to a polyvinylidene difluoride (PVDF) 

membrane, which was subsequently blocked by milk proteins and washed in Tris-buffered saline 

with Tween 20 (TBS-T) buffer. Enhanced chemiluminescence (ECL) was used for detection of 

pVHL. Incubation with monoclonal mouse anti-pVHL (#556347 BD Bioscience, New Jersey, 

USA), secondary anti-mouse antibody conjugated to horseradish peroxidase (#1706516 BioRad) 
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and treatment with ECL substrate (PerkinElmer, Groningen, The Netherlands) enabled 

visualization.  

Statistical analyses. Growth assay data were plotted and analysed in IBM SPSS Statistics 

23.0 (Armonk, USA) with independent-samples t tests (two-tailed), univariate ANOVA and partial 

correlation analysis. For analysis of the RT-qPCR data, Cq values were exported to Excel for linear 

regression on the calibration samples to determine gene expression values for all samples. Mean 

(M), standard deviation (SD) and standard error of 

the mean (SEM) of relative gene expression (mRNA/ACTB) and fold increases upon DFO 

exposure were calculated. Subsequent two-sample t tests for summary values were performed in 

EpiTools [29]. Significance level was determined 0.05 for all analyses. 

Results 

The 786-0 VHL-defective RCC cell line [13, 14, 17] and a 786-0 cell line stably transfected with 

WT VHL (786-0/VHL) were used in all experiments. First, the effect of severe iron deficiency on 

cell proliferation and vitality were examined by a growth assay. DFO was used to induce iron 

deficiency. Therefore 786-0 and 786-0/VHL cells were incubated in either 75 μM DFO containing 

medium or control medium for 42 hours. Cell counts were performed afterwards (figure 2A-D). 
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The addition of DFO to the medium led to significantly lower numbers of cells in both manually 

counted 786-0 (t(6)=4.05, p=0.015) and automated or manually counted 786-0/VHL cell plates 

(t(6)=7.88, p=0.001 and t(6)=17.7, p<0.001, respectively; Levene’s test was insignificant  for all 

comparisons, so equality of variances could be assumed). Furthermore, manual cell count 

significantly differed between 786-0 and 786-0/VHL cells while controlled for DFO concentration 

(F(12)=17.04, p=0.003; partial correlation of WT VHL ρ=0.809, p=0.003). These results indicate 

that the 786-0/VHL cells generally grow better than the pVHL-deficient 786-0 cells, but that severe 

iron deficiency de-creases cell growth of both cell lines.  
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 Secondly, the effect of moderate iron deficiency was measured in a DFO dose-response 

experiment. DFO concentrations of respectively 0.05, 0.4, 2, 10 and 75 μM were used. Baseline 

growth was determined from control cells in medium without DFO. After 19 hours of incubation, 

cell counts of effectively all DFO concentrations of both cell lines were below baseline levels 

(supplementary figure 2). After 42 hours, all 786-0 cells incubated in DFO > 0.05 μM showed 

decreased growth compared to the control in a concentration-dependent manner. A similar pattern 

was observed with 786-0/VHL cells, although the minimum concentration to reduce growth 

relative to the control was 10 μM (figure 2E). After 4.5 days, 786-0 cells incubated in DFO up to 

0.4 μM had survived and saturated the plate, DFO concentrations of 2 and 10 μM caused severe 

loss of cells, and all cells had died at 75 μM. The 786-0/VHL cells on the other hand survived 

concentrations up to 10 μM (not shown). Iron deficiencies induced by DFO at concentrations as 

low as 0.4 μM can thus affect the vitality of VHL-deficient RCC cells, whereas the same cells 

expressing normal VHL can resist moderate iron deficiency better.  

Next, we wondered whether iron deficiency affects the expression of HIF target genes. Eight 

HIF target genes that have previously been described as pVHL/HIF regulated genes in RCC cell 

lines [13, 14, 17, 30] were selected, and VEGF, PHD3, EDN1, CCND1, CAIX, CAXII and BNIP3 

were used for mRNA analysis (supplementary figure 1). Cells were incubated with 75 μM DFO 

or control medium for 24 hours and subsequently lysed for analysis. Western blotting confirmed 

the presence of pVHL in 786-0/VHL but not in 786-0 (figure 3A; note that VHL has two in-frame 

start codons, which facilitate translation of 19 kDa and 30 kDa pVHL, respectively). Total RNA 

content reflected the differences in cell vitality as observed in the growth assays (see 

supplementary figure 3). RNA concentrations were standardized and mRNA expression of the 

selected HIF target genes relative to ACTB mRNA was quantified by RT-qPCR. Iron deficiency 

increased the expression of nearly all target genes in both 786-0 and 786-0/VHL cells (figure 3B, 

supplementary table 1). Remarkably, only cyclin D1 (CCND1) expression decreased in 786-0 cells 

upon DFO exposure. Downregulation of cyclin D1 prevents progression through the cell cycle G1 

phase, which could explain the decrease in cell proliferation as observed in the growth assays. 

Expression patterns should be interpreted as integrated effects of iron deficiency on HIF-dependent 

and alternative mRNA regulation. The overall pattern in figure 3B suggests an increase in HIF 

activity upon iron deficiency in both 786-0 and 786-0/VHL.  
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 In order to understand the effects of iron deficiency on the pVHL/HIF pathway, the fold 

increases in gene expression upon DFO exposure were compared between 786-0 and 786-0/VHL. 

The WT pVHL expressed in  786-0/VHL cells should be able to downregulate HIF-α under normal 

circumstances, but iron deficiency will decrease hydroxylation and thus prevent recognition of 

HIF-α. Therefore, HIF activity is expected to be increased with DFO incubation, according to the 

pVHL/HIF model. On the other hand, VHL-defective 786-0 cells presumably fail to regulate HIF 

via the pVHL/HIF pathway regardless of iron levels. The impact of iron deficiency on HIF target 

gene expression was therefore predicted to be relatively larger for 786-0/VHL cells compared with 

786-0 controls. Table 1 shows the relative difference in mRNA fold increase between the cell types 

upon DFO exposure. The fold increase in gene expression is indeed persistently larger in 786-

0/VHL cells compared with 786-0, and shows significant differences for some of the genes (Table 

1). It is therefore likely that the pVHL/HIF pathways explains part of the aberrant gene expression 

induced by severe iron deficiency.  
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Discussion 

Iron deficiency is observed in some VHL patients, but its clinical relevance is unclear. We have 

used RCC cells to study the effects of iron deficiency on cell vitality and expression of HIF target 

genes, because these are believed to underlie the pathogenesis of VHL. Our results show that iron 

deficiency affects cell proliferation and increases the aberrant expression of HIF target genes in a 

VHL cell line model. This means that iron deficiency can reinforce these pathogenic molecular 

mechanisms of VHL in vitro.  

 The effects on HIF target genes in our experiments are contributed to both pVHL-dependent 

and pVHL-independent alterations in HIF activity, as the large increases in mRNA expression of 

target genes were observed in both VHL-defective and WT VHL transfected cells. Nevertheless, 

the cells re-expressing WT VHL showed a relatively higher increase in target gene expression. 

This indicates that iron deficiency affects the pVHL/HIF pathway as hypothesized according to 

the molecular mechanisms of HIF regulation. However, we also observed an apparent increase in 

HIF activity that could not be explained by the pVHL/HIF pathway, which may point towards 

alternative mechanisms of iron-dependent HIF regulation that we do not completely understand. 

pVHL-independent mechanisms of HIF regulation related to cell growth and calcium balance have 

been proposed (see review [31]). With regard to regulation by iron, Sanchez and colleagues have 

suggested that the presence of iron facilitates HIF-2α translation because of an iron-responsive 

element in its mRNA 5’ untranslated re-gion24. This would imply that iron deficiency 

downregulates the activity of HIF-2α. Our results rather show an increase in HIF target genes, 

which seems contradictory. We still contribute the increased gene expression to an increase in HIF 

activity, although we did not measure HIF levels in our experiments. It remains likely that HIF-1α 

or HIF-2α are regulated by many other factors than oxygen status only, with iron as an important 

example.  

 Finally, HIF-independent mechanisms cannot be ruled out. The observations in the growth 

assay may be mediated by other pathways affected with iron status, which is supported by the 

unexpected decrease in cyclin D1 expression. Although this deviation of the pattern was only 

observed in 786-0 cells, it is reasonable to assume that similar mechanisms of downregulation took 

place in the 786-0/VHL transfected cells (based on the observations that both cells show decreased 

growth upon DFO exposure) and that HIF-mediated gene transcription overrode the effect here. 

Similar HIF-independent effects may have contributed to the varied outcomes in relative mRNA 

expression of other genes. The fold increase upon DFO exposure is therefore not necessarily 

representative of the magnitude of effect of iron deficiency on HIF. Increased HIF activity is likely 

to be the major cause of enhanced target gene expression, but other factors are probably involved 

as well.  

 Regardless of the mechanistic explanations, the outcomes of this study provide insight in the 

potential risks of iron deficiency in the context of VHL. Impaired pVHL functionality makes cells 

susceptible to pathological gene expression alterations and possibly cell death when iron levels are 

low. The residual function of pVHL depends on the type of mutation that is present in the patient, 

and many prevalent point mutations are also known to leave HIF recognition partially intact [32, 

33, 34]. In such cases, the cells may resist iron deficiency slightly better. However, the risk of 

aberrant HIF target gene expression is relatively increased, because the residual function of the 

pVHL/HIF pathway requires iron. These preliminary conclusions should be drawn with caution, 

because other physiological roles of pVHL were disregarded in our experiments and might have 

played a role. Transfection of RCC cells with mutated VHL-constructs in addition to the control 

with WT VHL cDNA would provide more insight.  
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 The experimental design of this study has several limitations. First, the WT VHL transfected 

cells could have developed independently from the original cell lineage, as suggested by the 

differences in baseline level gene expression profile. It is unknown to what extent these differences 

and the differences in growth reflect the effect of pVHL, and to what extent they reflect 

idiosyncrasies of the cell lines. The transfected cell line may be transformed during previous 

passages, so that direct as well as long-term effects of the VHL-construct on the cell are involved. 

Rescue experiments of the 786-0 cells with WT VHL, empty vector and loss-of-function VHL 

mutations would enable strengthening of our observations. It can also be concluded from these 

observations that the model cell line is crucial in gene expression experiments. It would therefore 

be appropriate to repeat the experiments in one or more different patient-derived VHL-deficient 

cell lines, such as RCC10 [30] or RCC4 [33].  

 Next, we simulated iron deficiency indirectly via exposure of the medium to DFO. Although 

we found concentration dependent effects of DFO on cell growth, gene expression analyses after 

lower concentrations of DFO exposure are lacking. It therefore remains unclear how HIF target 

genes are affected by more moderate changes in iron concentration, and how the relative 

contribution of pVHL-dependent pathways may change. Furthermore, it cannot be directly 

determined how these findings translate to the relevance of physiological alterations in ferritin 

levels.  

 Lastly, it is important to emphasize the multifactorial aspects of iron deficiency in vivo, which 

makes predictions about phenotypical consequences complicated. For example, the differences in 

HIF target gene expression in mononuclear blood cells of Chuvash patients between patients with 

normal ferritin and patients with low ferritin were quite inconsistent: some genes were upregulated 

(among which BNIP3 and carbonic anhydrases), but others were downregulated (such as VEGF) 

[22, 23]. The differences with our results might be explained partially by differences in model 

systems, the use of relatively high doses of iron chelator in our experiment or idiosyncratic factors 

in the clinical studies. However, the most likely explanation is that long-term low ferritin levels in 

vivo induce other alterations in various tissues and the extracellular environment to which cells are 

exposed. These types of secondary effects that are observed in clinic cannot be investigated in 

isolated systems. Iron homeostasis and oxygen homeostasis mutually interact: we observed pVHL-

independent effects of iron on HIF target genes, and multiple components of iron homeostasis are 

in turn regulated by HIF [25]. It is clear that this in vitro study provides limited information about 

integrated effects. To gain a better understanding of the effects of iron deficiency on pathological 

changes in phenotype associated with VHL, we suggest future studies using in vivo model systems. 

Such VHL models have been established previously, for example in zebrafish [36].  

 To our knowledge, no literature has addressed the potential risks of iron deficiency in VHL 

patients. The findings of this study are an important first indication that low iron levels can induce 

growth and gene expression effects in VHL-defective renal cell carcinoma cells. Future in vivo 

studies could provide more insight in the clinical relevance of our observations for VHL patients.  
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