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Preface

Extensive research has been directed towards assessing the belief that facial appearance
indicates health, particularly immunity. Many studies have linked facial appearance in the
non-clinical populations with various health parameters such as self-reported health,
cardiovascular health and even direct measures immunity such as response to hepatitis B
vaccinations and cytokine response. There has also been direct evidence that genes
associated with the immune response influence facial appearance in men. Being a
genetics student | was particularly curious in the genetic link between facial appearance
and health. The HLA genes are the only genes that have been investigated to determine
this link and they represent a relatively small portion of the immune system. Cytokine
genes were chosen as candidates for this dissertation to understand how immune based
genes may influence facial appearance. Cytokines are good candidates as they play a vital
role from start to finish in the entire immune response as well as general immune

homeostasis.

This dissertation comprises of three chapters. Chapter one is a brief overview of the
literature. Particular interest was given to (a) the importance of facial appearance in
everyday life and in various fields of research, (b) to previous studies that assessed the
genetic variants which influence facial appearance in non-clinical populations and (c)
specific relationships between facial appearance and health. The general immune
response was also investigated and particular focus was given to cytokines and the
specific candidate cytokines that were used in this study. Chapter two is the research
chapter in which | investigated the relationship between candidate cytokine-related SNPs
and facial appearance. The chapter was divided into two experiments with each
experiment assessing different facial appearance variables. In experiment one |
determined the health appearance of facial images and the facial cues that influence
health appearance. In experiment two | measured structural components of the face. In
Chapter three | summarised the results and importance of this study, acknowledged the

challenges and limitations as well as indicate suggestions for future studies.
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Chapter 1

Literature review

1.1. The Importance of Facial Appearance

1.1.1 The role of facial appearance in sociology and psychology

Facial Appearance plays a crucial role in our everyday lives. As humans, we have
developed a very complex way of recognising and extracting information from faces
(Adolphs et al. 1998; Said et al. 2011); an imperative skill as the face is a complex trait that
revels a wealth of information about an individual. Although we are constantly told “don’t
judge a book by its cover”, intentionally or unintentionally; we form opinions and make
predictions of people based on their appearance within seconds of meeting them (Willis
and Todorov 2006). We infer intelligence (Zebrowitz et al. 2002; Talamas et al. 2016),
personality (Hassin and Trope 2000; Little et al. 2006) and even the general health of a
person based on facial appearance (Henderson et al. 2016). However, how accurate are
we in judging individuals solely based on their faces? An important question, as our
judgements based on facial appearance play an important role in who we choose to
employ (Little and Roberts 2012), vote for (Little et al. 2007a), associate with, as well as
who we choose to marry and have children with (Rhodes 2006; Little et al. 2011).

Previous studies showed that people can accurately predict the big five personality traits
(openness to experience, neuroticism, agreeableness, conscientiousness and
extraversion) from faces (Penton-Voak et al. 2006; Little and Perrett 2007b; Kramer and
Ward 2010). In addition extraversion can even be accurately perceived after just 50 ms of
exposure to a face (Borkenau et al. 2009). Cognitive abilities such as intelligence (Penton-
Voak et al. 2006; Kleisner et al. 2014), physical traits such as strength (Sell et al. 2009),
height (Schneider et al. 2013) and weight (Coetzee et al. 2009; Schneider et al. 2013) as
well as biological traits such as health (Kalick et al. 1998; Zebrowitz and Rhodes 2004;
Kramer and Ward 2010) and fertility (Penton-Voak and Chen 2004; Smith et al. 2006)
have also been shown to be predicted from faces with an accuracy above chance. Even
attractiveness, a trait that is commonly thought to be subjective, is judged accurately and
reliably in faces; as there is an agreement in attractiveness ratings across gender, cultures
and ages (Slater et al. 1998; Langlois et al. 2000; Zebrowitz et al. 2011; Coetzee et al.
2014).

1|Page



1.1.2 The role of facial appearance in evolutionary studies

Facial appearance is not just important in sociology and psychology but important findings
have also improved our understanding of anthropology and human evolution (Little et al.
2011). As mentioned earlier, there is an agreement across individuals and even cultures of
what is found attractive (Langlois et al. 2000), even from infancy (Samuels et al. 1994).
Findings that reveal facial attractiveness is not random has led to further research as to
why certain facial features are considered attractive. The “good-genes” hypothesis
provides a possible explanation as to why certain traits are found attractive and why we
seek out these attractive traits in potential partners. According to the “good-genes”
hypothesis, the females of a species seek out males that exhibit traits which could indicate
an ability to pass on genetic variation to her offspring that would enhance their survival and
reproductive success (Hamilton and Zuk 1982). Physical traits such as size, shape,
symmetry and brightness of colours in fur, feathers or fins are selected for because they
indicate genetic fitness, fertility and health (Andersson 1982; Andersson 1994; Moller and
Thornhill 1998). Similarly, facial attractiveness in humans influences who we choose as

possible mates and future parents of our children (Thornhill and Gangestad 1999).

Particular facial traits in humans could therefore be found attractive and influence mate
choice because they could indicate the health and fertility of the individual. There are
certain facial traits that have been extensively studied, that influence attractiveness and
are found to be associated with both perceived and actual health. These traits are facial
symmetry (Rhodes et al. 1998; Jones et al. 2001; Zaidel et al. 2005; Thornhill and
Gangestad 2006; Gangestad et al. 2010), facial adiposity (level of fatness; Coetzee et al.
2009; Coetzee et al. 2011; Tinlin et al. 2013; Foo et al. 2017a), sexual dimorphism
(masculinity/femininity; Perrett et al. 1998; Little et al. 2002; Smith et al. 2009; Rantala et
al. 2013a), closer resemblance to the population average (Langlois and Roggman 1990;
Rhodes et al. 2001) and skin homogeneity (Fink et al. 2006) and colour (specifically light,
red and yellow skin tones; Stephen et al. 2009a; Stephen et al. 2011; Carrito et al. 2016).
The relationship between these facial traits and health will be discussed in more detail in

section 1.3.
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1.1.3 The role of facial appearance in the clinical field

Recent efforts have been dedicated towards the use of facial appearance as a tool in the
medical field. Physicians generally use visual cues, a method known as the “gestalt
method”, for the diagnosis of a variety of diseases, especially diseases with non-specific
signs or symptoms such as diagnosis of a pulmonary embolism (Lucassen et al. 2011).
Many genetic disorders and syndromes, such as Down syndrome and Noonan syndrome,
have characteristic facial features that are also used to aid in diagnosis; some examples
are included in Table 1.1. There is however disagreement between physicians on the
gestalt method, especially in faces that are not Caucasian (Lumaka et al. 2017). Improved
facial imaging would provide physicians with further information that is more objective to
help guide them in making a more confident diagnosis that would relieve diagnostic
conflict. Improved imaging techniques will also ensure more accurate diagnosis in
populations that are not commonly studied (e.g. Africans) as facial indicators for clinical
diagnosis do differ between populations (Kruszka et al. 2017). Accurate visual diagnosis
could even aid in underdeveloped, poorer regions in the world, where laboratory tests may

not be readily available or affordable.

In recent years, the development of 3D geometric morphometrics (the statistical analysis
of face shape) allowed researchers to identify very subtle facial dysmorphologies
(Hammond 2007). This technology can improve diagnosis for the syndromes like those
mentioned in Table 1.1, especially in cases where phenotypes may present differently with
varying degrees of severity. For example, 3D geometric morphometrics can identify
individuals with Noonan syndrome and velo-cardial-facial syndrome with 95% accuracy
(Hammond et al. 2004), Down syndrome with an accuracy of 81-99% (Ferry et al. 2014)
and foetal alcohol syndrome (FAS) with 94% accuracy (Mutsvangwa et al. 2010). More
sensitive diagnostic techniques can even detect morphological differences between certain
mental disorders, such as schizophrenia (Hennessy et al. 2007), bipolar disease
(Hennessy et al. 2010) and autism spectrum disorder (Hammond et al. 2008) compared to

their sex and aged matched controls.
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Table 1.1. Genetic disorders that are often characterised according specific facial features.
Information was gathered from Online Mendelian Inheritance in Man (OMIM) database
(https://www.omim.org)

Disorder

Clift
lip/palate
Down
syndrome
Williams-
Beuren

Syndrome

Prader-
Willi

Syndrome

Treacher
Collins
Syndrome

DiGeorge

Syndrome

Kabuki

syndrome

Roberts

syndrome

Examples of characteristic facial

features

Split in the upper lip and/or roof of the
mouth

Upward-slanting eyes, folds on the inner
corner of the eyes and a flat nasal bridge
Flat nasal bridge, short upturned nose,
eye puffiness, long philtrum, and broad
forehead and mouth in young children.
Slight coarse features, with full lips, a
wide smile, and a full nasal tip in older
patients

Almond-shaped eyes, narrowing of the
forehead at the temple, narrow bridge of
the nose, thin upper lip and a
downturned mouth

Downward slanting eyes,
underdeveloped or absence of
cheekbones and/or brow ridge and a
small or slanting lower jaw

Puffy and upward slanting eyes,
elongated nose with a large tip, and a
small mouth with an outward turned top
lip

Abnormally long opening of eyelids,
lower eyelids are turned outward, arched
eyebrows, and a broad nose with a
flattened tip

Cleft lip/palate, wide set, downward
slanting eyes, a beak shaped nose with
small nostrils and possible presence

microcephaly

Genetic OMIM entry

abnormalities that

could be involved in

facial appearance

Mutations in PVRL1 MIM
#225060

Trisomy 21 MIM
#190685

Deletion of GTF2IRD1 MIM
#194050

Loss of function in a MIM

region of chromosome  #176270

15

Mutations in TCOF1, MIM

POLR1C and POLR1D #154500

Mutations in TBX1 MIM
#188400

Mutations in KMT2D or = MIM#147920

the KDM6A and
MIM#30869

Mutations in ESCO2 MIM
#268300
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1.1.4 The role of facial imaging in forensics

Interest has recently grown in terms of the genetics that influence facial appearance. DNA
left at a crime scene can be used to determine the suspect’s or an unknown victim’s
external visual characteristics such as hair type and colour, eye colour, skin pigmentation,
ancestry and general facial shape (Kayser and De Knijff 2011; Kayser 2015). Recent
preliminary studies have now been able to predict more information of an individual’s facial
appearance and morphology based solely on genetic information (Peng et al. 2013; Claes
et al. 2014b). However these preliminary studies have centred on admixed
(African/European) or Eurasian populations, no studies have been performed in a
homogenous African population (Claes et al. 2014a; Qiao et al. 2016). African faces are
morphologically different from Caucasian, Asian and even admixed populations (Sporer
2001; Farkas et al. 2005; Kau et al. 2010; Talbert et al. 2014). Further investigation for 3D
facial morphological prediction in African faces as well as gathering a larger database of
genes that influence facial appearance is important to further expand the field of facial
morphology genetics so that one day it could be applied in real-life forensic situations.

1.2. The Genetics of Facial Appearance
1.2.1 Genetic influence in the face

It is clear that studying the genetics of facial appearance is highly beneficial and there is
still substantial information that is yet to be discovered. The face is a product of both
environmental and genetic factors and their interaction with each other. Although the
environment does play an important role, the face is highly heritable (Djordjevic et al.
2016) with narrow-sense hereditability estimates being as high as 0.8 (Johannsdottir et al.
2005; Weinberg et al. 2013; Cole et al. 2017). The genetic influence in facial appearance
is evident when observing the facial resemblances between twins and within families
(Johannsdottir et al. 2005; Weinberg et al. 2013). Facial similarities are also seen amongst
people from the same ethnicities and geographical populations (Farkas et al. 2005).
Finally, further proof of genetic influence of the face is found in the clinical populations, as
observed in Table 1.1. Genetic abnormalities can lead to shared, characteristic facial
dysmorphologies, implying the genetic abnormality is involved in facial morphology. There
are a number of complex pathways involving many genes and enhancers that are

continuously switched on and off, and this eventually leads to the development of the face
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(for a review see (Francis-West et al. 1998)). However, surprisingly little is known about
the genes that influence the variation we observe in facial appearance. Most studies that
aim to assess the genes involved in facial appearance involve the clinical population
where facial development has been disrupted (e.g. Table 1.1; Wilkie and Morriss-Kay
2001; Suri 2005; Hochheiser et al. 2011).

1.2.2 Candidate gene studies

Recently, a number of studies have been conducted in non-clinical populations to assess
the genetic influence on facial appearance. Boehringer et al. (2011) used a candidate
gene approach to assess the genes influencing facial morphology in participants who
suffer from non-syndromic cleft lip/palates. Those genes were then assessed for the
impact that they have on normal variation in the non-clinical population. They found an
association between SNP rs1258763, near the GREML1 gene, and nose width in 2D facial
images of a German cohort (Boehringer et al. 2011). An association was also found
between SNP rs987525, near the CCDC26 gene, and bizygomatic distance (distance
between the two cheek bones) in 3D facial images of a Dutch cohort (Boehringer et al.
2011). A few other candidate gene studies have been performed to assess their
associations with facial appearance and morphology (Peng et al. 2013; Claes et al. 2014b;
Peng et al. 2016). Peng et al. (2013) assessed the associations between 3D facial images
and 10 candidate SNPs across four genes in a Han Chinese population. Their most
significant finding was an association found between a SNP in IRF6 and lip shape. A
similar study used an admixed African/European population to model facial morphology
using the effects of 68 ancestry informative markers, a sex marker and 24 SNPs across 20
genes. They found significant associations with facial appearance across 20 of the genes
(Claes et al. 2014b). The association between an EDARV gene with 16 facial
characteristics was investigated in a young adult Turkey/Eastern-Asian population;

significant associations were most notably found within the chin region (Peng et al. 2016).

1.2.3 Genome-wide association studies

The advancement of gene sequencing technologies has led to a large increase in
genome-wide association studies (GWAS). The first GWAS studies examining the

genetics that influence facial appearance in a non-clinical population was in 2012 (Liu et
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al. 2012; Paternoster et al. 2012). Paternoster et al. (2012) and Lui et al. (2012) both found
an association between PAX3 and nasion position in a GWAS study performed and
replicated in large European cohorts; Paternoster et al. (2012) used only 15 year olds and
Lui et al. (2012) used a large age range between 12- 60 years. Lui et al. (2012) also found
significant associations between SNPs in 4 other genes (PRDM16, TP63, C50rf50 and
COL17A1) and facial appearance (significant findings were mainly observed in the nasion

position and distance between the eyes).

A surge of GWAS studies for facial appearance was again observed in 2016 (Adhikari et
al. 2016; Cole et al. 2016; Qiao et al. 2016; Shaffer et al. 2016). A GWAS conducted in
Eurasian and Hans Chinese cohorts revealed SNPs in the UBASH3B, COL23A1 and
PCDHY7 genes and a SNP at a position on the p arm of chromosome 2 were significantly
associated with the distance between external and internal corners of the eyes, nasal
shape, mouth shape and cheeks respectively (Qiao et al. 2016). Shaffer et al. (2016)
investigated the relationship between 20 quantitative facial measurements in a large
European sample (aged 3-49) and just under a million genotyped SNPs. They found
significant associations with cranial base length and the MAFB and PAX9 SNPs, the
distance between the corners of the eyes and ALX3 and HDAC8 SNPs, nasal shape and
two SNPs found in PAX1 and the q arm of chromosome 14 and finally, upper facial depth
and a SNP on the g arm of chromosome 11 (Shaffer et al. 2016). Like Peng et al. (2016),
Adhikari et al. (2016) also found an association between an EDARV gene and chin
protrusion in a GWAS study performed in a large Latin American sample. They also found
significant associations with nose shape and the SNPs in DCHS2, RUNX2, GLI3 and
PAX1 genes (Adhikari et al. 2016). Cole et al. (2016) is the first study that used a
homogenous Bantu speaking African sample. The GWAS was conducted in Tanzanian
children and adolescents. Significant findings that were novel which included SNPs within
the SCHIP1 and PDES8A genes that were associated with facial size. Studies assessing
the genes that drive facial appearance have yet to be performed in an adult African

population.
1.3. The Relationship between Facial Appearance and Health

Our faces reveal extensive information about ourselves, including our health. It’s already
been mentioned that our faces can indicate genetic quality (Lie et al. 2010) and both
mental (Hennessy et al. 2007; Kleisner et al. 2014), and emotional (Hennessy et al. 2010)
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health. Extensive research has also been conducted into how our faces portray biological
health (Kalick et al. 1998; Kramer and Ward 2010; Henderson et al. 2016). Attractiveness
and perceived health of an individual are highly positively correlated (Hume and
Montgomerie 2001; Jones et al. 2001; Rhodes et al. 2007; Foo et al. 2017a; Phalane et al.
2017) . Certain characteristic facial features are found to be attractive because they could
potentially indicate a healthy partner that can provide both direct and indirect benefits
(Hamilton and Zuk 1982; Thornhill and Gangestad 1999). Direct benefits include a healthy
immune system; meaning they will likely be sick less often, have a longer life-span and
provide better parental care and resources (Mgller and Jennions 2001; Kokko et al. 2003).
Indirect benefits include the ability to pass on “good-genes” to many offspring that can
thrive into the next-generation (Kirkpatrick and Ryan 1991; Andersson 1994). Extensive
research has been conducted into several attractive and healthy-looking facial cues that
could possibly indicate actual biological health (Thornhill and Gangestad 1999; Fink and
Penton-Voak 2002; Phalane et al. 2017). The facial cues that will be further discussed
include symmetry, averageness, sexual dimorphism, adiposity and skin colour (Matts et al.
2007; Rhodes et al. 2007; Coetzee et al. 2009).

1.3.1 Facial symmetry

The various aversive conditions that individuals are exposed to throughout their lives may
impact their physical development (Schell et al. 2009). This may lead to small and random
deviations in features that are commonly symmetrical, such as the face (Mgller and
Thornhill 1997; Thornhill and Mgller 2007). Deviations from bilaterally symmetrical features
are often described as fluctuating asymmetry (FA). It is thought that FA, is the type of
asymmetry in the face that is associated with developmental instability (Van Valen 1962;
Leary and Allendorf 1989; Gangestad et al. 1994). Examples of aversive conditions that
could cause FA include genetic abnormalities (that may arise via mutations and
inbreeding) and environmental stressors (such as disease or lack of recourses; Mgller and
Thornhill 1997; Mgller and Swaddle 1997; Kowner 2001). Therefore, it is hypothesised
that symmetry in the face signals health as it could indicate better genetics and an ability
to overcome stressful environmental conditions (Thornhill and Gangestad 1993; Mgller
and Thornhill 1997; Thornhill and Gangestad 1999). Symmetry or asymmetry in the face is
detected in a variety of ways. Firstly, it can be physically measured as distances between

landmarks on a facial image (Shackelford and Larsen 1997; Jones et al. 2001). Secondly,
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a mirror image of half a facial image is created and the face is then adjusted along an axis
from perfectly symmetrical to very asymmetrical (Rhodes et al. 2001; Rhodes et al. 2007).
Finally, how symmetrical a face appears can be judged by participants (Zaidel et al. 2005;
Phalane et al. 2017). Regardless of whether facial symmetry is measured or judged, it is
consistently perceived as healthier (Jones et al. 2001; Rhodes et al. 2001; Zaidel et al.
2005; Rhodes et al. 2007).

Shackelford and Larson (1997) was one of the first studies to positively link FA to poorer
health; measured as self-reported psychological, emotional and physiological measures.
Some self-reported general health measures such as trouble concentrating, lower activity
levels, trouble sleeping, muscle soreness etc. were found to be positively correlated to
asymmetry. However, other measurements such as headaches runny noses and sore
throats were not significant. General observations of the results from this study also
revealed stronger relationships between symmetry and health in men compared to women
(Shackelford and Larsen 1997). Thornhill and Gangestad (2006) found a significant
positive correlation between self-reported number of respiratory infections (but not
stomach or intestinal infections) and facial asymmetry in men, no significant relationships
were found in women. A higher concentration of urinary biomarkers for oxidative stress
were also found to be significantly correlated with FA in men (Gangestad et al. 2010).
Oxidative stress is a biomarker of health used to measure oxidative damage caused by
excess reactive oxygen species (ROS). Oxidative damage leads to mutations and other
DNA damage which could result in cancers and neurodegenerative disorders (Cooke et al.
2003).

Not all studies found significant associations between symmetry and heath (Van Dongen
and Gangestad 2011; Pound et al. 2014). Van Dongen and Gangestad (2011) performed a
meta-analysis on nearly 100 studies that have assessed the relationship between overall
FA and various measures of health and quality. These measures of health and quality
include infectious diseases, congenital susceptibilities, foetal outcomes, psychological
disorders, reproductive outcomes, attractiveness and hormonal effects. The meta-analysis
revealed only a weak mean effect size (Pearson’s r=0.2) and evidence of publication bias.
When the publication bias was corrected for, the mean effect size decreased further
(r=0.1). More recently, Pound et al. (2014) also failed to find an association between facial

asymmetry in 3D facial images and longitudinal measures of childhood health. Moreover,
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Phalane et al. (2017) failed to find a significant association between facial symmetry and

cytokine response, a direct measure of immunity.

Roberts et al. (2005) aimed to assess a more direct relationship between facial symmetry
and “good-genes” by assessing the heterozygosity in a set of genes described as the
human leukocyte (HLA) genes. HLA genes are highly polymorphic genes that code for cell
surface proteins that play an important role in antigen recognition in the immune response
(Mungall et al. 2003). Heterozygosity in the HLA genes is thought to be desirable in
offspring as it codes for a more diverse range of antigen proteins that can recognise a
wider array of infectious diseases and therefore lead to an enhanced immunity (Penn et al.
2002). However, no significant association was found between facial symmetry and HLA

heterozygosity (Roberts et al. 2005).

The relationship between facial symmetry and health could be more apparent in men than
in women. However, most research that has been conducted to assess the relationship
between symmetry and actual health have used self-reported measures of health. This
could be the reason for inconsistent findings in the literature, as self-reported health has
been suggested to be an undependable measure of health that is subjective (Rhodes et al.
2007; Phalane et al. 2017). More research that uses a direct measure of health or

immunity should be conducted to confirm the link between facial symmetry and health.

1.3.2 Facial averageness

Similar to symmetry, facial averageness (how close the face resembles the population
average) is also thought to be an indicator of an ability to overcome environmental
adversities (Gangestad and Buss 1993; Mgller and Swaddle 1997; Jokela 2009).
Averageness may also indicate heterozygosity of genes and proteins, this may lead to a
robust immune system that is able to recognise a more diverse range of antigens and
therefore fight off a broader scope of pathogens (Thornhill and Gangestad 1993).
Distinctive facial traits that deviate from the population average could also be a sign of

genetic or chromosomal disorders, examples of extreme cases are presented in Table 1.1.

Certain software such as JPsycomorph allows for the merging of a number of faces into a

single face (Tiddeman and Perrett 2001). As more faces merge into a single face, the
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generated facial image reveals a closer resemblance to the population average. It is
consistently found that the closer an individual’s face resembles the population average,
the healthier the face appears (Rhodes et al. 2001; Rhodes et al. 2007; Lie et al. 2008;
Foo et al. 2017a).

The relationship between averageness and actual health has not been explored
extensively however, Rhodes et al. (2001) has assessed the associations between both
symmetry and averageness with actual health. In this study health was measured through
a series of self-reported measures and medical records during childhood and adolescence
(how often they were sick as children, antibiotic use etc.). They found that facial
averageness was a reliable indicator of health in 17 year olds in both men and women,
however no significant association was found between symmetry and actual health. It was
also found that the relationship between averageness and actual health was more robust
in people who were below the median in averageness (Zebrowitz and Rhodes 2004).
Phalane et al. (2017) found no significant relationship between facial averageness and
cytokine response. Although there is some evidence, more research will need to be

conducted to assess if facial averageness is truly an indicator of actual health.

1.3.3 Sexual dimorphism in the face

Sexual dimorphism is a secondary sexual characteristic that refers to the level of
masculinity in men and femininity in women. Secondary sexual characteristics arise due to
an increase in hormone levels (testosterone in men and oestrogen and progesterone in
women respectively) that starts during puberty. A masculine face is most commonly
characterised as having more square and angular features; commonly observed in the jaw
line. More masculine faces also tend to have thinner lips, narrow eyes and a prominent
eyebrow ridge with larger eyebrows. A feminine face is characterised as having rounder

features, plump lips, larger eyes and a smaller nose and jaw.

Sexual dimorphism is a facial cue that is hypothesised to indicate sexual and reproductive
health as well as immune functioning (Perrett et al. 1998; Rhodes et al. 2003). Sex
hormones have been positively linked to measures of fertility (Stewart et al. 1993; Lipson
and Ellison 1996; Meeker et al. 2007). Therefore facial features that could indicate the

hormone levels within the body, may also reflect reproductive health (Penton-Voak and
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Chen 2004; Smith et al. 2006). Sexual dimorphism could also be an honest signal to
immune functioning. The immunocompetent handicap hypothesis (ICHH) states that
phenotypically masculine features presented in males are considered as honest indicators
of health and genetic quality (Folstad and Karter 1992). This is because androgens such
as testosterone act as an immunosuppressant (Grossman 1985). Therefore, only males
that have superior immune systems can afford to have higher testosterone levels (which
presents phenotypically as masculinity). The female hormone oestrogen is also considered
an immunosuppressant, therefore the same immunocompetent handicap could also apply

to femininity in female faces (Rhodes et al. 2003).

Studies have confirmed that perceived femininity in females is significantly positively
correlated with oestrogen levels (Smith et al. 2006). Similarly, it's been found that men
who are judged as more masculine, have higher levels of testosterone in their saliva
(Penton-Voak and Chen 2004). Masculinity has also been linked to semen quality;
determined through measures of rapid progressive motility, linearity of sperm movement,
sperm concentration and percentage of motile sperm (Foo et al. 2017a). However, results
have been conflicting (Peters et al. 2008). Peters et al. (2008) found no significant
correlations between semen quality parameters (sperm concentration, motility and
morphology) and judged facial traits; attractiveness, masculinity, averageness and

symmetry.

Masculine and feminine looking faces in men and women respectively are indeed
positively correlated to how healthy a person looks (Rhodes et al. 2003; Zebrowitz and
Rhodes 2004; Rhodes et al. 2007; Scott et al. 2008; Smith et al. 2009). However, a few
studies have reported that no significant association was found between masculinity and a
healthier appearance (Boothroyd et al. 2005; Pentonvoak et al. 2007). Cultural effects
have shown to influence the attractiveness of facial masculinity, as masculine features are
found more attractive in areas that have lower standards of health (Penton-Voak et al.
2004; Scott et al. 2008; DeBruine et al. 2010). Therefore, culture and socio-economic
status may also influence the relationship between masculinity and health perception.
However, to my knowledge, no studies have investigated the effect that culture may have
on the relationship between facial masculinity and health perception. Investigation into the
relationship between facial masculinity and actual health has revealed more consistent

results that provide support for the ICHH. Facial masculinity has been negatively
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correlated with self-reported measures in the number and duration of colds and flu and
antibiotic use. But no significant association was found between male masculinity and self-
reported stomach illness (Thornhill and Gangestad 2006). Boothroyd et al. (2013) found
similar results between masculinity and reported colds and flu infections. Rhodes et al.
(2003) found that masculinity in men was only modestly associated with self-reported
health measures in adolescents, the same study did not find any relationship between
femininity and self-reported health in females. A more reliable indicator of health would use
objective measurements of immune functioning rather than relying on participants’ self-
reported health measurements and medical records. Oxidative stress levels were found to
be negatively correlated with masculinity in men (Gangestad et al. 2010). Masculinity was
also significantly associated with a better immune response after a hepatitis B vaccination
(Rantala et al. 2013a) as well as an enhanced cytokine response (Phalane et al. 2017). Lie
et al (2008) however, found no association between masculinity and HLA heterozygosity
(Lie et al. 2008).

The application of the ICHH in women is less clear. The relationship between oestrogen
and immunocompetence seems to be weaker (Alexander and Stimson 1988). A possible
explanation could be that feminine facial cues do not differ from immature traits compared
to masculine features; therefore feminine traits may be less costly (Rhodes et al. 2003). A
few studies have assessed the direct relationship between femininity in females and actual
health. Rhodes et al. (2003) found no association between self-reported health measures
and femininity (Rhodes et al. 2003). It was however found that less masculine faces in
women were significantly correlated with less self-reported respiratory infections but no
associations were found for antibiotic use or stomach and intestinal illness (Thornhill and
Gangestad 2006). Gray and Boothroyd (2012) found partial evidence for the association
that femininity has with self-reported illness; femininity was again associated with
respiratory illness but not significantly with stomach illness. No studies have assessed the
relationship between facial femininity and more direct measures of health. Overall, the
relationship health and femininity in females is less clear than the relationship between
health and masculinity in men. Masculinity and femininity may also only indicate certain
measures of health (respiratory infections) but not others (immune response to stomach

infections).
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1.3.4 Facial adiposity

Weight is an important health indicator. Being underweight could indicate a number of
illnesses or malnutrition that leads to low immune functioning (Ritz and Gardner 2006).
Likewise, being overweight is highly significantly correlated with many health risks such as
cardiovascular health, diabetes mellitus as well as inflammatory diseases and immune
dysfunction (Visser et al. 1999; Kopelman 2007). Judgements on the fat levels within the
face (facial adiposity) is a reliable indicator of overall weight and weight distribution; even a
more reliable indicator than body shape, body mass index (BMI) or percentage body fat
(Coetzee et al. 2009; Tinlin et al. 2013). For example, visceral fat is detrimental fat that is
found around the abdomen and the amount of fat in the cheeks is a good indicator of the
level of visceral fat in the body (Levine et al. 1998). Adiposity levels in the face significantly
influences the health appearance of the face; people that appear underweight or
overweight are perceived as less healthy (Coetzee et al. 2009; Fisher et al. 2014; Foo et
al. 2017hb).

Perceived facial adiposity has been negatively linked to longevity (Reither et al. 2009).
Coetzee et al. (2009) revealed a significant association between facial adiposity and
cardiovascular health (measured as blood pressure) and reported health (frequency and
duration of colds and flu as well as antibiotic use); with heavier appearing faces having
lower health scores. Tinlin et al. (2013) found a negative association when assessing the
relationship between adiposity and self-reported physical and psychological condition as
well as serum progesterone levels. Facial adiposity has also been linked to direct
measures of immune functioning (Rantala et al. 2013a; Phalane et al. 2017). Antibody
response to a hepatitis B vaccination, was negatively correlated with adiposity levels in
men (Rantala et al. 2013a). However, Phalane et al. (2017), found a significant positive
relationship between adiposity and cytokine response in South African men. This apparent
contradiction is likely because the South African cohort in the Phalane et al. (2017) study
consisted of substantially more underweight participants (BMI < 18.5 kg/m?) compared to
previous studies. Therefore underweight men had lower health scores than those who had
a normal weight (18.5 kg/m? < BMI > 25 kg/m?). Compared to the previous facial cues,
facial adiposity reveals more of a curvilinear instead of a linear relationship with health. An
optimal adiposity level is considered healthiest, as weight increases or decreases from this

optimum, so does health. Studies assessing adiposity should contain an even distribution
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of underweight, normal weight and overweight individuals to better understand its

relationship with health.

1.3.5 Facial skin colour

Facial skin colour and homogeneity is a facial trait that influences health appearance
(Jones et al. 2004; Matts et al. 2007; Stephen et al. 2011; Fink et al. 2012; Tan et al.
2017). Skin colour is most commonly measured on light-dark, red-green and blue-yellow
axes. A lighter skin tone could positively be correlated with vitamin D absorption (Jablonski
and Chaplin 2000). A somewhat redder skin tone is considered to be an indicator of higher
oxygenation levels and better circulation. Higher oxygenation levels advertise enhanced
fithess levels, more efficient circulation and cardiovascular and respiratory health (Johnson
1998; Armstrong and Welsman 2001; Boushel et al. 2001). An enhanced yellow skin tone
has been related to a diet that consists of higher levels of carotenoid pigments (Stephen et
al. 2011; Whitehead et al. 2012). Carotenoids such as B-carotene, lycopene, lutein and
zeaxanthin are consumed in our diet through intake of orange and yellow fruits and
vegetables, tomatoes and green leafy vegetables (Johnson 2002; Stahl and Sies 2005).
Carotenoids are natural antioxidants that function to combat ROS in the body which cause
most notably cancers, and chronic diseases resulting from cardiovascular risks,
inflammation and autoimmunity (Johnson 2002). It is important to note that the colour
measurements which are discussed here are not extreme colour changes in lightness,
redness or yellowness, such as those observed with jaundice etc. All colour changes of

skin tone discussed here are within the normal range.

A lighter, redder and yellower skin tone appears healthier (Stephen et al. 2009b) and this
is consistent across ethnicities (Stephen et al. 2011; Tan et al. 2017). Stephen et al.
(2011) conducted a study using both Caucasian and Black South African populations. A
lighter and yellower skin tone was preferred and perceived as healthier in both populations
however, when maximising the health appearance, enhancing a yellower skin tone through
carotenoid pigmentation was more important than adjusting the face based on melanin
pigmentation (which influences how light or dark a face appears). The perception of health
due to melanin colouration could be somewhat influenced by ethnicity/culture. Having
darker skin with greater melanin production is considered beneficial in areas closer to the

equator, which receive harsh amounts of UV rays; the melanin acts as a protective agent.
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Less melanin is considered desirable in areas further away from the equator with less sun
as it allows for greater absorption of vitamin D (Jablonski and Chaplin 2000). The extent of
the cultural influence on the relationship between melanin production and health
appearance has not been directly tested. Tan et al. (2017) revealed that Malaysian
Chinese faces were considered healthier due to the change in skin colouration caused by
the consumption of carotenoid-rich smoothies. They found there was an optimal
carotenoid skin colouration in the faces that was considered healthy; oversaturation of
carotenoid skin colouration was perceived as less healthy (Tan et al. 2017). Phalane et al.
(2017) found that redness, yellowness and lightness in the skin were all very strongly
positively correlated and South African men that had yellower, redder and lighter skin
tones were considered to appear significantly healthier (Phalane et al. 2017). Foo et al.
(2017) did not however find this association between skin colour and health perception or

immune functioning in Caucasian faces (Foo et al. 2017a)

Not many studies have been conducted to assess the relationship between skin colour
and actual measures of health. Roberts et al. (2005) has revealed that healthier skin
appearance is positively correlated to heterozygosity in the HLA gene region in Caucasian
men (Roberts et al. 2005). Phalane et al. (2017) assessed the direct link between skin
colour and immunity, measured as cytokine activity, in South African men. They found
significant associations between cytokine levels and increased skin yellowness and
lightness, but not redness. A study conducted in Caucasian participants found that after
injections that induce an acute immune response, the skin colour became lighter and

redness and yellowness was reduced (Henderson et al. 2017).

1.3.6 The genetic link between facial appearance and health

As mentioned earlier, there have been a number of studies assessing the genetics of facial
appearance however very few genetic studies have been conducted to establish the link
between facial appearance and health. The only genes to date that have been assessed
are the HLA genes that have been briefly mentioned. The heterozygosity of HLA genes
has been found to be indicative of facial appearance in British and Australian men
(Roberts et al. 2005; Lie et al. 2008) but not South African or Australian women (Coetzee
et al. 2007; Lie et al. 2008; Lie et al. 2010). These studies provide further insight into the

genetic associations between facial appearance and health, particularly in men. However
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HLA’s represent a very small portion of the immune system and more genetic components
of the immune system will have to be assessed to further understand the genetic
associations between facial appearance and health.

1.4. The Immune System

The immune system is the body’s complex defence system against invading foreign, and
potentially harmful, agents. It also functions to remove dead or damaged cells within the
body (Delves and Roitt 2000). For the immune system to be effective, it must be able to
recognise a wide variety of foreign material (bacteria, viruses, parasites and fungi etc.)
from the body’s own healthy tissue; recognition between cells occurs through antigens
such as HLAs (Klein and Sato 2000). After recognition, the immune cells must be able to
communicate with one another (often through cytokines (Mantovani and Dejana 1989)) to
bring about the appropriate response to remove the foreign invader (Behm et al. 2012).
And finally, once the infection has been removed or contained, the immune response must
then be supressed (Parkin and Cohen 2001; Abbas et al. 2016). The immune system is

divided into two main responses; the innate and adaptive immune response (Figure 1.1)

An individual’s health relies on the proper functioning of the immune system that requires
the activity of many cells, proteins and signalling molecules working together. The immune
system is complex and requires the integration of many networks, pathways and feedback
loops to carry out the appropriate immune response. Dysregulation in any of these
components results in immune malfunction either through over- or under-activation. An
over-active immune system leads to autoimmunity and allergies (Wilder 1995) whereas an
under-active immune system leads to chronic illnesses, infections and even cancers
(Cremer et al. 1990).
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A very important component of the immune system that will be the centre of focus in this

study are the cytokines. Cytokines are small proteins or glycoproteins that allow for

communication between the immune system and other systems in the body such as the

endocrine and nervous system (Besedovsky and Del Rey 1992; Ader et al. 1995).

Cytokines also allow for cells within the immune system to communicate with one another;

they govern and conduct the entire immune response as well as maintain homeostatic

control through receptor binding and altering gene expression in target cells (Spurlock

1997; VilCek 2003). Cytokines can be autocrine (acts on the cell from which it is secreted

from), paracrine (binds to receptors on neighbouring cells) and even endocrine (travels
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through the bloodstream and binds to distant cells; Viléek 2003). Cytokines are a large
group of proteins however seven cytokines were of particular interest in this study and will
be discussed further, these include various interleukins (IL-2, IL-4, IL-6, IL-8, IL-10), colony
stimulating factor 2 (CSF2) and interferon gamma (IFN- y). These cytokines in particular
were of interest as they play a role in both the innate (IL-6) and adaptive immunities (IL-8
and CSF2; Shi et al. 2006; Mantovani et al. 2011). As well as both the Tul immune
response (IL-2 and IFN-y), the Tu2 immune response (IL-4, IL-6 and IL-10; Romagnani
1999) pathways.

1.5.1 Interleukin-2

The interleukin- 2 gene is found on chromosome 4. IL-2 was initially described as a T-cell
growth factor that results in growth, differentiation and survival of T-lymphocytes (Morgan
et al. 1976). It plays a role in the cellular immune response that is involved in intracellular
infections and dysfunctions such as viruses and cancers (the TH1 immune response
pathway; Figure 1.1). IL-2 does not only act in response to intracellular pathogens, but it
plays a role in immune homeostatic function (Boyman and Sprent 2012). To understand
the importance and function of IL-2, its role in disease and immune therapy has been
assessed. In humans, the defective IL-2 gene results in reduced T-cell response and
immunodeficiency (Chatila et al. 1990). In immunotherapy, an anti- IL-2 receptor antibody
(anti-Taq) is used to treat T-cell leukaemia and lymphomas and reduce allograft rejection
and inflammation (Waldmann and O'shea 1998; Morris and Waldmann 2000).
Alternatively, enhancement of the IL-2 response in humans is used to treat HIV and certain
tumours (Atkins et al. 1999; Paiardini et al. 2001). Mice that have had their IL-2 gene
silenced also have reduced T-cell response; interestingly, autoimmunity, not
immunodeficiency develops (Sadlack et al. 1993). This could be due to the fact that IL-2
also has inhibitory effects to downregulate the T-cell immune response through a negative
feedback loop. IL-2 is therefore important in maintaining (both to inhibit and enhance) the
Trl immune response to intracellular infections (Gaffen and Liu 2004). Although it’s
primarily involved in the cellular immune response, the cytokine also plays a role in the
humoral immune response as it has been found to promote B-cell proliferation (Mingari et
al. 1984).
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1.5.2 Interleukin-4

This interleukin gene is found on chromosome 5 and is also important in the adaptive
immune response. IL-4 however supresses the cellular response through inhibiting
production of IFN-y and IL-2 (Gautam et al. 1992) and enhances the humoral immune
response pathway that reacts to intercellular pathogens (the Tu2 pathway; Swain et al.
1990; Figure 1.1). IL-4 leads to differentiation of Tn2 cells from naive T-cells and causes
activation and proliferation of B-cells, primarily resulting in IgE production (the
immunoglobulins involved in allergies; Parronchi et al. 1992). The interleukins’ role in the
Tn2 immune response makes it very important in the allergic reaction and it could be used
as a target to treat allergies (Racke et al. 1995; Borish et al. 2001). The cytokines
inhibitory effect could also possibly be used as a treatment for conditions where the THl

response pathway is overactive; as is observed in chronic inflammatory diseases.

1.5.3 Interleukin-6

This interleukin is an important pro-inflammatory cytokine found on chromosome 7. It is
primarily involved in the innate immune response but it also plays a role in the adaptive
immune response. The primary function for IL-6 is to bring about inflammation (Fattori et
al. 1994). This interleukin also interacts with the nervous system, specifically the
hypothalamic-pituitary-adrenal axis, to produce a fever (Chai et al. 1996). Dysregulation in
IL-6 production results in a variety of diseases. Abnormal levels of IL-6 are found in
patients with chronic inflammation (Gabay 2006) such as rheumatoid arthritis, Chrohn’s
disease, pulmonary tuberculosis and leprosy. Over production of this cytokine can also
lead to plasmocytosis which can lead to tumours/cancers (Hirano 1991).

1.5.4 Interleukin-8

This cytokine is part of the chemokine family, it is also known as CXCL8. The gene is
found in a chemokine gene cluster on chromosome 4. It is a pro-inflammatory cytokine that
acts as a chemotactic factor that attracts neutrophils, basophils and T-cells to the site of
inflammation. Macrophages, epithelial cells and platelets secrete the cytokine to initiate
activation and chemotaxis (Luster 1998). Chemokines play a vital role in inflammation and
phagocytosis, and primarily function in the innate immunity (Luster 1998). Anit-1L8

antibodies are used in treatment of inflammatory diseases (Yang et al. 1999).
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1.5.5 Interleukin-10

IL-10 mediates both the adaptive and innate immune response. It is however primarily
involved in the humoral immune response and is known for its anti-inflammatory
properties. The cytokine induces differentiation of naive T-cells to Tn2 cells, it promotes IL-
4 production which promotes differentiation of additional Tn2 cells in a positive feedback
loop (Mulligan et al. 2000). Ultimately, IL-10 leads to B-cell growth and differentiation (Go
et al. 1990). As it functions to promote the Tn2 pathway, it simultaneously aims to inhibit
the Tul response pathway. Overall, this cytokine plays a major suppressive role in the
immune response (Del Prete et al. 1993; Sieling et al. 1993). It acts to inhibit cellular
activity via preventing antigen presentation and cytokine production (Fiorentino et al.
1991). IL-10 knock-out mice develop severe colitis due to overstimulation of the TH1
immune response (Fiorentino et al. 1991). Due to its immunosuppressive and anti-

inflammatory function, the cytokine is used in many treatments for chronic inflammation.

1.5.6 Colony-stimulating factor 2

CSF2 is found on chromosome 17 and is in an important pro-inflammatory cytokine that is
primarily involved in the innate immune response (Gasson 1991). It is a growth factor for
hematopoietic cells and stimulates the growth and maturation for various immune cells
within the innate immune system such as macrophages dendritic cells (Metcalf 1986;
Gasson 1991). This cytokine has been closely associated with many inflammatory
diseases such as arthritis, inflammatory lung disease and inflammatory renal disease
(Hamilton 2008).

1.5.7 Interferon-gamma

The last cytokine that is of particular importance for this study is IFN-y. This cytokine is
secreted by cells in the innate and adaptive immunity. It promotes antigen processing and
presentation and plays an important role in both antiviral (cellular; ljzermans and Marquet
1989; Samuel 2001) and antibacterial (humoral; Snapper et al. 1988) immune responses.
IFN-y also plays an important role in the innate immunity through its promotion of
inflammation as well as increasing antigen MHC class | and Il presentation on a variety of
cells, especially macrophages (Bishop et al. 1986; Suto and Srivastava 1995). The
cytokine’s involvement in the innate and both adaptive immune responses makes it a

highly pleiotropic cytokine.
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1.5.8 Summary of selected cytokines

Cytokines are the proteins that monitor the intensity and duration of the complex immune
response. It has been established that interleukin -6, -8 and CSF2 function mainly in the
innate immunity and interleukin -4, -2, -10 and IFN-y function primarily in the adaptive
immune system. Interleukin 4 and 10 are primarily anti-inflammatory and interleukin 6 and
TNF-a primarily pro-inflammatory. However, it is evident that cytokines perform a variety of
functions that overlap with one another and most of the cytokines function as both pro- and
anti-inflammatory, as well as play a role in the innate and adaptive, and cellular and

humoral immune responses (Vilcek 2003).

Polymorphisms at cytokine-related genes are an important field of research; they have
been shown to influence cytokine functionality (Smith and Humphries 2009) and immune
response (Poland et al. 2007). Some examples of this can be observed in Table 2.1

1.6. Conclusion and Aim

Most studies investigating the association between facial appearance and health as well
as the genetics in facial appearance are performed in Western, educated, industrialised,
rich and democratic (WEIRD) populations, this is unrepresentative of the human
population in general (Henrich et al. 2010). By expanding research into other populations
such as the African population, we obtain a more global understanding of facial
appearance and its relationship with health. The relationship between facial appearance
and immunity (as measured by response to hepatitis B-vaccination, cytokine response and
HLA heterozygosity) is more strongly supported in men than in women (Roberts et al.
2005; Coetzee et al. 2007; Lie et al. 2008; Lie et al. 2010; Rantala et al. 2013a; Rantala et
al. 2013b; Phalane et al. 2017). Facial appearance is highly genetically driven (Djordjevic
et al. 2016) and is influenced by health (Henderson et al. 2016), but to my knowledge only
the HLA genes have been studied to assess the genetic link between facial appearance
and health in non-clinical populations. The HLAs only represent a small fraction of the
immune system. Cytokines and their polymorphisms are a good representation for the
functioning of the entire immune system, and their activity largely influences an individual’s
health (Hollegaard and Bidwell 2006; Smith and Humphries 2009). Therefore, the aim of
the proposed study is to assess the link between genetic variation at seven selected

cytokine loci and facial appearance in a non-clinical cohort of African males.
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Chapter 2
2.1. Introduction

“A man’s face is his autobiography™Oscar Wilde
Facial appearance forms an integral part in everyday interactions as it reveals a wealth of
information about the individual, starting from the very foundation that makes us who we
are; our genetics. Facial appearance is shaped from many environmental factors however,
it does have a very strong genetic component (Djordjevic et al. 2016) with narrow-sense
heritability estimates as high as r=0.8 (Johannsdottir et al. 2005; Weinberg et al. 2013;
Cole et al. 2017). There has been a relative lack of genetic studies assessing facial
variation in the non-clinical populations. However, this is now changing with the
improvement of facial imaging techniques as well as the advancement of gene sequencing

and the development of GWAS studies.

GWAS and candidate gene studies have both been used to assess the genetic make-up of
the face in non-clinical populations and there are advantages and pitfalls to both
approaches. GWAS studies are advantageous as it offers an unbiased, hypothesis-free
approach to finding many genetic variants across the entire genome (Pearson and Manolio
2008) that could regulate facial appearance. However, because GWAS studies are more
of an exploratory approach, there is a very high degree of multiple testing and therefore a
high false discovery rate; this could lead to less ‘powerful’ results (Sham and Purcell
2014). Significant findings in well-designed candidate gene studies can be more
conclusive and powerful than in GWAS studies (Jorgensen et al. 2009). Careful
consideration must however be taken when choosing candidate genes, and the sample
cohort for the study must be large enough and as uniform as possible in terms of age,
ethnicity and gender (Jorgensen et al. 2009; Wilkening et al. 2009). Both GWAS (Liu et al.
2012; Paternoster et al. 2012; Adhikari et al. 2016; Cole et al. 2016; Qiao et al. 2016;
Shaffer et al. 2016) and candidate gene studies (Boehringer et al. 2011; Peng et al. 2013;
Claes et al. 2014b; Peng et al. 2016) have been utilised to find the genes that significantly

influence facial appearance in the non-clinical populations.

Variation in facial appearance is obtained and measured in a variety of ways. Facial
images are captured as 3D or 2D images. 3D images capture the most variation in the

face however obtaining 3D images of patients or participants can be very costly and
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challenging and analysing 3D images is computationally intensive (Peng et al. 2013; Claes
et al. 2014b). Therefore 2D images are still widely used in facial appearance studies.
Facial images are often analysed through plotting limited landmarks manually on the face,
gathering their positions, and measuring the distances between these landmarks (Liu et al.
2012; Adhikari et al. 2016; Cole et al. 2016; Peng et al. 2016; Shaffer et al. 2016). A
substantial amount of variation in the face is however lost through this method. A principal
component analysis (PCA) of standardised x and y co-ordinates of landmark points plotted
on the face can also be conducted (Liu et al. 2012; Paternoster et al. 2012); this allows for
the inclusion of many more points to be plotted on the face and therefore greater variance
in the face is explained (Gottumukkal and Asari 2004). A PCA is a dimensional reduction
statistical method that groups data points that are closely correlated into principal
components (PCs; Abdi and Williams 2010).

Facial imaging has been a very important tool in the forensic sciences (Peng et al. 2013;
Claes et al. 2014b), evolutionary studies (Little et al. 2011) and even in the clinical field
where facial imaging can aid in the diagnosis of various health issues and genetic
conditions (Hammond et al. 2004; Mutsvangwa et al. 2010; Lucassen et al. 2011; Ferry et
al. 2014). Currently, there is also an ongoing development in advanced mirrors that can
detect subtle changes in skin colouration and adiposity levels in the face; through this,
certain cardiovascular and metabolic syndromes as well as immune functioning can be
detected from the faces presented in the mirror (Poh et al. 2011; Colantonio et al. 2015;
Re and Rule 2016).

Relevant health information can be gathered from the face through imaging analysis using
sophisticated software. However, a great deal of accurate health information about an
individual can be gathered from the everyday observations and judgements we make
based on facial appearance. Humans can perceive a substantial amount of information
about an individual from only their facial appearance; from obvious traits such as gender,
age and ethnicity as well as more abstract traits such as 1Q (Zebrowitz et al. 2002;
Talamas et al. 2016), personality (Hassin and Trope 2000; Little et al. 2006),
attractiveness (Langlois et al. 2000) and health status (Zebrowitz and Rhodes 2004) of an
individual. What is extraordinary is the agreement across individuals and the accuracy
above just chance of the judgements made on an individual when the only information

provided is a neutral-looking face (Kalick et al. 1998; Zebrowitz and Rhodes 2004; Penton-

24 |Page



Voak et al. 2006; Kramer and Ward 2010; Kleisner et al. 2014). In this study, we are

particularly interested in how the face reveals the health of an individual.

There are common facial cues, already mentioned in chapter one, that have shown to be
associated with health appearance and the actual health of a person. Most commonly;
faces that are closer in resemblance to the population average (Thornhill and Gangestad
1999; Rhodes et al. 2001), are more symmetrical (Thornhill and Gangestad 2006;
Gangestad et al. 2010), more masculine in men or feminine in women (Rhodes et al. 2003;
Thornhill and Gangestad 2006; Smith et al. 2009; Rantala et al. 2013a), have lighter,
yellower and redder skin tones (Stephen et al. 2009b; Stephen et al. 2011; Henderson et
al. 2017; Phalane et al. 2017) and have adiposity (fat) levels that correspond to a normal
BMI (Coetzee et al. 2009; Tinlin et al. 2013; Henderson et al. 2016; Foo et al. 2017a),
represent better health. These facial cues have been linked to various indirect and direct
measures of immunity. Indirect measures include self-reported health measures; this
involves medical records of participants as well as recollection of various health indicators,
number of infections, antibiotic use etc. Facial symmetry, averageness, adiposity and
masculinity/femininity have all been associated with immunity through self-reported
measures of health (Rhodes et al. 2001; Thornhill and Gangestad 2006; Coetzee et al.
2009; Boothroyd et al. 2013). A few studies have investigated more direct measures of
immunity, such as antibody response to vaccination and cytokine response, which is
needless to say a more reliable indicator of immunity. Response to hepatitis B
vaccinations have been positively associated with masculinity and negatively with
adiposity (Rantala et al. 2013a). Cytokine response has been positively and significantly
associated with a lighter and yellower skin tone as well as increased masculinity and
adiposity in predominantly under-to-normal weight men. (Phalane et al. 2017). Skin colour
changes have been reported after stimulation of lipopolysaccharides to mimic the effects

of acute infections on skin colour (Henderson et al. 2017).

The face is highly heritable and has been shown to be a good representation of certain
aspects of an individual’'s health, particularly immunity. However, not many studies have
been conducted to assess the genetic link between facial appearance and health. The only
studies to our knowledge, as previously mentioned in chapter one, have investigated the
influence that HLA genes have on facial appearance (Roberts et al. 2005; Coetzee et al.
2007; Lie et al. 2008).
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The relationship between facial appearance and measures of immunity has been
investigated through HLA studies (Roberts et al. 2005; Lie et al. 2008), response to
hepatitis B vaccinations (Rantala et al. 2013a), self-reported health measures (Rhodes et
al. 2001; Thornhill and Gangestad 2006; Coetzee et al. 2009; Boothroyd et al. 2013),
oxidative stress levels (Gangestad et al. 2010) and cytokine response (Phalane et al.
2017). However there are a number of gaps still present in the literature. The immune
system is a complex system with various response pathways and functions, depending on
the invading body. It is divided into the innate and adaptive immune response (Parkin and
Cohen 2001). The innate immunity is the body’s immediate response to a foreign antigens
present in the body (Beutler 2004). The adaptive immunity is a learned immune response
that is specific and produces a memory. The adaptive immune response is further divided

into the Tul (cellular) and Tu2 (humoral) immune response pathways (Abbas et al. 2016).

Cytokines are good candidates to investigate the genetic link between facial appearance
and health. Cytokines coordinate the entire immune response and are involved in both the
innate and adaptive immunity (Vil€ek 2003). This study focuses on polymorphisms found
in cytokines primarily involved in the Tul immune response (IL-2 and IFN-y), the Th2
immune response (IL-4, IL-6 and IL-10; Romagnani 1999) and across both the innate and
adaptive immune responses (IL-8 and CSF2; Shi et al. 2006; Mantovani et al. 2011).
Polymorphisms within cytokine-related genes have been shown to influence cytokine
functionality (Smith and Humphries 2009), immunity and health (Poland et al. 2007). A few

examples for this can be observed in Table 2.1.

Therefore the aim of this study is to assess the association between cytokine-related
SNPs and facial appearance. The study was conducted in African men as the African
population (particularly a homogenous African population) has been relatively under-
represented in the literature concerning facial genetic studies as well as studies
concerning health and facial appearance. We chose to conduct the study in men because
the relationship between facial appearance and health, particularly immune response and
genetic measures of immunity, seems to be more prominent in men compared to women
(Coetzee et al. 2007; Lie et al. 2008; Lie et al. 2010; Rantala et al. 2013a; Phalane et al.
2017). The study is divided into two experiments (Figure 2.1); in experiment one we

assessed the association that cytokine SNPs have with health perception and the facial
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cues that influence health perception (masculinity, adiposity, skin colour, averageness and
symmetry). In experiment two, we assessed the association that cytokines have with the
structural components of the face. The significant structural components were then
characterised by assessing their relationships with the facial perceptions obtained in
experiment one and observing their average faces of the low and high structural

components.

Facial Appearance

Skin Colour

Cytokine > Facial Perceptions
A \
Structural Components }

Figure 2.1. An overview of how this study will assess the relationship between cytokine

SNPs and facial appearance

2.2 Methods and Materials
2.2.1. Collecting data

Cytokine SNP selection

An extensive literature and database search was conducted primarily on the National
Centre for Biotechnology Information (NCBI) and Ensembl websites under the SNP
databases as of Aug-Sept 2015, and associated literature. Seven cytokines were chosen,
including interleukins, (IL-2, IL-4, IL-6, IL-8, and IL-10), interferon-gamma (IFN-y) and
colony-stimulating factor 2 (CSF2). These cytokines were chosen because they were well
studied and collectively, they represent many aspects of the immunity including both anti-
inflammatory and pro-inflammatory processes, the innate and adaptive, as well as the
cellular and humoral immune responses (Hanada and Yoshimura 2002; Thomson and
Lotze 2003). In order to be included in the candidate list, SNPs associated with these 7
cytokines had to meet the following criteria: (a) the SNPs had to have a minor allele
frequency (MAF) of >25% in the combined African populations, obtained from the 1000
genomes project (ref: GRCh37.p13); (b) the SNPs should have been extensively studied
and cited; and (c) the SNPS should have been previously associated with cytokine levels
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or immune-related diseases and health. Nine cytokine-associated SNPs were selected
and included in a custom TagMan® OpenArray® Plate designed by Applied Biosystems®
(Table 2.1).

Sample collection

Ethical approval was obtained in writing from the ethics committee at the University of
Pretoria (EC141002-083). African men (N=95, mean age= 20.5 yrs., SD = 2.93) were
recruited from the Mamelodi and Hatfield campuses at the University of Pretoria. Informed
consent was gathered and questionnaires were completed by all participants to gather
basic demographic information, such as age and ethnicity. Participants were made aware
that they did not have to complete any questions they were not comfortable answering and
they were allowed to leave the study at any time. Physical measurements were recorded
for each participant. Height was recorded in centimetres and weight was measured on a
Camry® body-fat scale. This scale also uses age, height, gender and the weight it
measures, to calculate body fat percentage. Each participant’s BMI was calculated using

their weight and height (kg/m?).

Skin colour measurements were taken using a Konica Minolta CM-2300d
spectrophotometer. The spectrophotometer measures skin colour in the CIELab colour
space: CIELab L* (luminance axis), CIELab a* (red-green axis) and CIELab b* (blue-
yellow axis). Colour measurements were taken on the right cheek, left cheek and
forehead. Each point was measured twice and the average calculated. We were conscious
to choose areas that were free from moles or other skin blemishes while taking the skin

colour measurements.

Facial photographs were captured using a Canon EOS 40D camera with 60mm /2.8
macro lens in a photo booth with a white background. Lighting was provided by three
daylight simulation fluorescent bulbs within the photo booth; two on each side and one
above. Participants were seated about two meters from the camera and asked to maintain
a neutral facial expression. They were first asked to look straight at the camera when
capturing the frontal facial photograph and then turned and faced the right of the booth
when taking the profile photo. Two sets of photos were taken for both the frontal and
profile facial images for each participant. The best quality frontal and profile images for

each participant were used for further analyses.
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Participants were asked to return a few weeks later for blood collection which was
performed by a trained phlebotomist. Blood was collected from only 71 participants in 4 ml

EDTA tubes. The blood was aliquoted into smaller volumes and stored at -20°C.

For the purpose of this MSc only participants who’s DNA could be obtained via blood
samples were included in the study. The final sample size used in this study was therefore
71 African men (mean age= 20.37 yrs., SD = 2.78).

2.2.2. Facial imaging

Standardising facial Images

JPsychomorph from Java was used to delineate a frontal and profile image for all
participants (Tiddeman and Perrett 2001). This involves plotting 179 and 53 points on the
frontal and profile faces respectively (Figure 2.2 A & B). The JPsychomorph software was
used to also standardise the images by cropping them, to remove most of the background

and clothing, as well as aligning them using a Procrustes alignment.

A. B.

Figure 2.2. One hundred and seventy nine and 53 points plotted on the average (A) frontal

and (B) profile faces respectively using JPsychomorph

Determining perceptual judgements of the faces
The standardised frontal facial images were used to create a computer based test in which
the faces appeared on the screen, one at a time, in a random order and each face could

be rated on a 7-point Likert scale. Five separate tests were created to gather different
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ratings for all the faces. These ratings involved judgements on the male faces based on
their adiposity (1=very underweight to 7=very overweight), health appearance (1=very
unhealthy to 7= very healthy), their distinctiveness (1=not distinctive to 7=very distinctive),
symmetry (1=very unsymmetrical to 7= very symmetrical) and finally masculinity (1=not
very masculine to 7=very masculine). African females (N=20, mean age= 20.5 yrs.) were
recruited to rate the male faces for each test. The distinctiveness score was reverse coded
to produce an averageness score. An average adiposity, perceived health, averageness,

masculine and symmetrical score was then calculated for each male participant.

Determining structural components of the face

We performed a small pilot study in order to identify the most reliable delineation points for
structural analysis. To identify these points, three faces were randomly chosen and each
face was delineated three separate times. For each face, the difference in positioning for
each point was calculated using the extracted x- and y- co-ordinates. Facial landmark
points (a) with the lowest relative deviation between the different delineation attempts and
(b) were placed on important structural facial features, were included in subsequent
analysis. This process was conducted for both the frontal and profile facial images. The
landmark points were reduced to 48 frontal and 23 profile points. JPsychomorph was used
to reduce the number of points on the standardised frontal and profile templates (Figure
2.3 A & B). Both X and Y co-ordinates were obtained from the reduced set of 48 frontal
and 23 profile points. Many of the remaining frontal and profile points were highly
correlated so we performed a PCA in “IBM SPSS Statistics version 20” to identify fewer,

uncorrelated components.

Figure 2.3. The reduced set of points used for structural analysis of the face. Forty-eight

and 23 points were plotted on the average (A) frontal and (B) profile faces respectively

30|Page



2.2.3. Genotyping

DNA extraction

Blood samples were defrosted at room temperature. Genomic DNA (gDNA) was extracted
from 200 ul of the whole blood sample using the Quick-DNA™ Universal kit (from Zymo
Research), following manufacturer’s “biological fluids and cells” protocol. The purified
DNA’s quality and concentration was measured using a Nanodrop 2 000
Spectrophotometer; the 260/230 ratio, 260/280 ratio and DNA concentrations in ng/ul were
recorded. The gDNA was also analysed on a 1% agarose gel to ensure the DNA was

intact. The gDNA was diluted into 50 ng/ul solutions and stored at -20 °C.

Genotyping

The samples (N=71) were genotyped using the Applied Biosystems® by Life
Technologies™ QuantStudio 12K Flex Real-Time PCR System. All gDNA (50 ng/ul)
samples were of sufficient quality according to the “Applied Biosystems™
Quantstudio™12K Flex Real-Time PCR System user guide” (260/230 and 260/280 ratios
between 1.6 and 2). The protocol was followed according to the manufacturer’s
instructions for genotyping (“Applied Biosystems™ Quantstudio™12K Flex Real-Time
PCR System user guide”). The Genotyping-128 format was used which allowed for all

samples to be genotyped in duplicate.

The gDNA samples and the custom design TagMan® OpenArray® Plate were defrosted at
room temperature. DNA (2.5 ul of 50 ng/ul samples) and TagMan® OpenArray®
Genotyping Master Mix (2.5 ul) was prepared into each well of the 384-well sample plate.
Samples were transferred from the 384-well plate to the TagMan® OpenArray® Plate
using the automatic Accufill™ system from Applied Biosystems™. Sample positions in the
wells were tracked using the OpenArray® Sample Tracker software. The QuantStudio™
12k Flex software was prepared, the TagMan® OpenArray® Plates containing samples

were loaded into the QuantStudio™ 12K Flex System and the experiment ran over night.
2.2.4. Statistical analysis

Genetic analysis
The nine candidate SNPs that were genotyped in 71 samples were individually analysed

on the Tagman Genotyper Software from Applied Biosystems to assess their quality. All
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nine SNPs had an assay call rate >90% and a minor allele frequency MAF >17% (Table

2.1). The genotypes for each SNP were then coded assuming an additive genetic model.

Facial analysis

Perception data was tested for inter-rater reliability and normality. Inter-rater reliability was
tested through calculation of Cronbach alpha values. Skewness and kurtosis values for
each of the 5 perceptual judgements (health, adiposity, averageness, symmetry and
masculinity) were then calculated to ensure a normal distribution of the variables.
Relationships between the perceptions were assessed using a Pearson’s correlation
(Table 2.3).

To reduce the number of variables and prevent redundancy in the subsequent
associations, separate PCAs were performed on the perceptual facial cues (Table 2.4) and
colour measurements (Table 2.5) that influence a healthy appearance. Both perceptual
and colour PCs were extracted from the dimension reduction analysis. Structural PCs
were also gathered from a subset of reliable points on the frontal and profile faces that

were identified in section 2.3 (Table 2.6).

Final analysis for experiment 1 and experiment 2

Figure 2.1 summarises the analyses that were used to assess the relationship between
cytokine related SNPs and facial appearance variables. The analyses were divided into
two experiments. In both experiments one and two, separate linear regressions were
performed and the nine cytokine SNPs were used as the independent variables. The
dependant variables in experiment one were overall health appearance and the facial cues
that influence health appearance (principal components of skin colour and perceived
masculinity, adiposity, symmetry and averageness). The dependant variables in
experiment two were seven structural PCs. The significant structural PCs from experiment
two were characterised to assess how they explain facial shape. The majority of analyses

were performed in IBM SPSS Statistics version 20.
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2.3 Results

2.3.1. Genotypic Data

Literature search

Table 2.1 shows the results after an extensive search primarily made through the NCBI
and Ensembl databases for nine candidate SNPs. All SNPs chosen had a MAF >25% in

the African population and had preferably shown significant relationships with cytokine

levels in previous studies or had at least shown significant associations with immune-

related diseases or cancers. All of the selected SNPs were localised within the transcribed

regions of their associated cytokine genes, except for a SNP near CSF2 which is found in

the enhancer site.

Table 2.1. Candidate SNPs that were selected for the study and the rationale for choosing

these specific variants

Gene | dbSNP SNP MAF | Examples of Phenotypic Associations
location *
IL-2 rs11932411 | 3 UTR 0.38 | Showed an allele dose related increase/decrease of antibody
(T/C) (© levels in measles vaccination in African Americans (p=0.028;
Haralambieva et al. 2011)
IL-4 rs2070874 | Promoter | 0.48 | The IL-4 promoter SNP has shown to influence IL-4 expression
(T/IC) (-34) (M and protein production when studied within a haplotype group
(Anovazzi et al. 2017) or when studied as a single
polymorphism (Nakashima et al. 2002; Gonzales et al. 2010).
The interleukin 4 promoter SNP has also shown associations
with patients that have asthma and atopy (Rosenwasser and
Borish 1997; Smolnikova et al. 2013).
IL-6 rs10499563 | Promoter | 0.23 | The SNP causes a change for DNA binding proteins and as a
(T/C) (-6331) © result, the T allele is associated with an increase in IL-6 gene
expression and IL-6 plasma levels (Smith et al. 2008)
rs2069845 | Intron 4 0.32 | The SNP alters restriction enzyme recognition sites and has
(G/A) (+869) (G) | been shown to influence the relationship between diet and

obesity in South African woman (Joffe et al. 2014). The G-
allele has been associated with a risk for developing obesity in
children and adolescents (Todendi et al. 2015). And the allele

also increases the odds of developing a symptom cluster (of
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pain, fatigue, sleep disturbance and depression) which
develops due to a release of pro-inflammatory cytokines in
cancer patients (Doong et al. 2015).

IL-8

rs2227307
(T/IG)

Intron 1
(+396)

0.48
(T)

The T allele is a significant risk factor for chronic periodontitis
(Zhang et al. 2014). The SNP is in strong LD and forms a
haplotype group with rs4073 and rs227306 (Slade et al. 2011,
Zhang et al. 2014), which has been associated with IL8 levels
(Hull et al. 2001; Hacking et al. 2004). The SNP is also
significantly associated with idiopathic pulmonary fibrosis (Ahn
et al. 2011) and survival rates in cancers (Aschebrook-Kilfoy et
al. 2012; Slattery et al. 2014).

IL-10

rs1800896
(T/IC)

Promoter
(-1082)

0.31
(©)

This SNP forms part of a haplotype group with two other SNPs
(GCC) that has been associated with increased IL-10
production in vivo (Turner et al. 1997), stronger transcriptional
activity (Crawley et al. 1999) and higher mRNA expression
(Suarez et al. 2003). The C allele is associated with an
increase of IL-10 mRNA expression as well as IL-10 ex-vivo
and serum protein levels (Suarez et al. 2003).

IFN-y

rs2069705
(GIA)

Promoter
(-1616)

0.47
(G)

It has been associated with breast cancer (Erdei et al. 2010) as
well as susceptibility to systemic lupus erythematosis (Kim et
al. 2010; Leng et al. 2016) and complicated skin and skin
structure infections (Stappers et al. 2014). It has been
suggested to be associated with differential levels of IFN-y
although its effect on actual expression has not been studied
directly (Kim et al. 2010).

CSF2

rs25882
(T/IC)

le117Thr

0.32
(©)

This SNP (T allele) has been associated with asthma
(Rohrbach et al. 1999) and higher allelic expression of CSF2
(Burkhardt et al. 2012).

rs721121
(T/G)

Enhancer

site

0.33
(G)

The SNP is found in the enhancer site where an intergenic
transcription factor binds to regulate CSF2 and IL-3 expression
in T-cells (Cockerill et al. 1993)

*the minor allele frequencies (MAF) were those found in the African population from the 1000 genomes
project (ref: GRCh37.p13).
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Quality control of SNPs
Table 2.2 reveals that all nine SNP had assay call rates >90% and a MAF >17%. Not all
samples were successfully genotyped for all SNP assays therefore each SNP sample size

differs slightly, according to the assay call rate.

Table 2.2. Success rate of allele assays and minor allele frequencies (MAF) after

genotyping.

Gene | SNP Assay call | Sample | MAF
rate (%) size (%)

IL2 rs11932411 | 97.2 69 35.5
IL4 rs2070874 100 71 42.3
IL6 rs10499563 | 95.8 68 19.1

rs2069845 100 71 26.1
IL8 rs2227307 98.6 70 42.9
IL10 |rs1800896 |90.1 64 28.1
IFN-y | rs2069705 97.2 69 27.5
CSF2 | rs25882 98.6 70 17.1

rs721121 100 71 41.5

2.3.2. Facial results

Facial perceptions

A Cronbach alpha value of >0.7 is generally considered an acceptable reliability co-
efficient (Nunnally 1967). The 20 observers were consistent and reliable in their ratings of
the 71 participants as all perceptual ratings had a Cronbach alpha value >0.7. The facial
adiposity ratings were also significantly associated with BMI (r=0.647, p<0.0005), providing
further evidence of the accuracy of the adiposity ratings (Figure 2.4). According to the
World Health Organisation (WHO) standards, 17% of the participants were underweight
(BMI<18.50 kg/m?), 66% of the participants were normal weight (BMI between18.50-24.99
kg/m?) and 17% of the participants were overweight (BMI>25 kg/m?; Organization 2000).
All perceptual ratings were normally distributed (two-tailed critical z-score = £ 3.29, p =
0.001). Pearson’s correlations were performed to identify significant relationships between
health perception and the perceptual cues that may influence a healthy appearance (Table
2.3).
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Table 2.3. Pearson’s correlations between all facial perceptions

Averageness | Adiposity Masculinity | Symmetry
Health 0.440** 0.202 0.558** 0.602**
Averageness 1 -.0041 0.085 0.264*
Adiposity - 1 0.451* 0.039
Masculinity - - 1 0.536**

*p<0.05, **p<0.01, **p<0.001

As expected, health appearance was strongly, positively correlated with facial
averageness, masculinity and symmetry (Table 2.3). The relationship between health and
adiposity did not show a significant linear correlation (Table 2.3). However upon further
inspection, a significant curvilinear relationship was found between health and adiposity
(F2,60= 7.178, p=0.001, R?=0.174). This is observed in Figure 2.5 which reveals that
adiposity has an optimum level of health appearance and adiposity ratings that decrease
and increase from this optimum are found to appear less healthy. The optimum adiposity
score that appears the healthiest on a 7-point Likert scale is ~ 3.5 (Figure 2.5), which

corresponds to a BMI of ~ 20 kg/m? (Figure 2.4).
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Many of the facial cues that influence a healthy appearance (adiposity, symmetry,
masculinity and averageness) are significantly and positively correlated to one another
(Table 2.3). A non-linear relationship was observed between masculinity and facial
adiposity. A quadratic relationship between facial adiposity as the dependant variable and
masculinity as the independent variable explained the most variance (F2, 6s=19.585,
p<0.001, R?=0.365), followed by a quadratic relationship between masculinity as the
dependant variable and facial adiposity as the independent variable (F2, s9= 12.884,
p<0.0005, R?=0.275), and a linear relationship between facial adiposity and masculinity
(F1,60=17.615, p<0.0005, R?=0.203; Figure 2.6). The quadratic relationship between facial
adiposity and masculinity was even more significant after the removal of one influential
outlier (Fz2,67=23.315, p<0.0005, R?=0.410; Figure 2.6). To include this quadratic
relationship linearly, both masculinity? and adiposity? variables were added for subsequent
analyses. None of the other facial perceptions showed a non-linear relationship with health

or with each other.
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e ° o R2=0.20 P

between masculinity ratings and their
influence on adiposity ratings. This
relationship remained significant after
the removal of the possible outlier
(highlighted in red)

Perceptual Adiposity

2 3 4 5 6
Perceptual Masculinity

A PCA was performed on the collective facial cues (adiposity, masculinity, symmetry,
averageness, masculinity? and adiposity?) that influence health perception. The
averageness variable was not highly extracted (only 24.2% of the variable was explained
in the subsequent PCs from the PCA). Averageness was therefore removed from the PCA

and analysed as a separate variable.

The new PCA (excluding averageness) resulted in two PCs that collectively explain 90% of
the total variance. Masculinity and adiposity loaded highly and positively on PC 1, which
explains 59% of the total variance. Symmetry (positively) and adiposity (negatively) loaded
highly on PC 2, which explains 31% of the total variance. Therefore PC 1 was referred to
as the +masculinity/+adiposity PC and PC 2 was identified as the +symmetry/-adiposity
PC (Table 2.4).
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Table 2.4. The component matrix after a principal component analysis, excluding

averageness
Component Matrix
PC1 PC 2
Adiposity 0.763 -0.628
Masculinity 0.907 0.330
Symmetry 0.502 0.668
Adiposity? 0.731 -0.666
Masculinity? | 0.881 0.375
Facial colour

The CIELab a* (green-red axis), CIELab b* (blue-yellow axis) and CIELab L* (luminance
axis) skin colour readings for the right cheek, left cheek and forehead were collected twice
using the skin colour spectrophotometer in a subset of 44 men. The two measurements for
each point were averaged. Higher values of these measurements represent lighter
(CIELab L*), redder (CIELab a*) and yellower (CIELab b*) readings. As in previous
research on African populations, these measurements were all highly positively correlated
with one another (p<0.0005; Coetzee et al. 2012; Phalane et al. 2017). To avoid using an
excessive number of variables that would lead to redundant results, a PCA was conducted
to reduce the number of colour variables. The PCA produced one colour PC that explains
83% of the total colour variance in the face (Table 2.5). Higher colour PC values indicate

faces that are lighter, yellower and redder.
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Table 2.5. Component matrix after a principal component analysis using all CIELab colour

measurements for the forehead, left cheek and right cheek

Matrix

Component

PC1

Forehead (L) 0.845

Forehead (a*) 0.887

Forehead (b*) 0.939

Left cheek (L) 0.933

Left cheek (a*) 0.854

Left cheek (b*) 0.960

Right cheek (L) | 0.926

Right cheek (a*) | 0.906

Right cheek (b*) | 0.948

Facial structural components

The PCA conducted on the X and Y coordinates of the 48 and 23 points plotted on the

frontal and profile faces respectively yielded a total of 13 PCs. Due to the small sample

size of the study we decided to select a limited set of components from the PCA that

explain at least 86% of the total variance in the face.

Table 2.6. Structural principal components that were obtained after a principal component

analysis was performed on the X and Y co-ordinates of the facial landmarks

Component | Eigen Values

44.004
30.712
16.391
9.686
7.603
6.984

~N oo o1 B~ O WON P

4.092

% of Variance
explained

31.887
22.255
11.878
7.019
5.509
5.061
2.965

Cumulative % of
variance explained

31.887
54.142
66.020
73.039
78.548
83.609
86.574
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2.3.3. Experiment one analysis

The relationship between facial cues and healthy appearance

Healthy appearance was significantly and positively correlated with averageness (r=0.440,
p<0.0005), PC 1 (+masculinity/+adiposity; r=0.525, p<0.0005), PC 2 (+symmetry/-
adiposity; r=0.371, p=0.001) and the colour PC (r=0.464, p=0.002).

Adiposity loads positively on PC 1 and negatively on PC 2 (Table 2.4) and both PC1 and
PC 2 are positively correlated to health. This is because of the curvilinear relationship
between adiposity and health (Figure 2.5). As adiposity increases, so does a healthy
appearance (possibly observed in PC 1) until an optimal weight is reached. In this
experiment the relative BMI that appears healthiest is ~ 20 kg/m? (Figure 2.4 and 2.5),
which lies perfectly in the healthy weight range as defined by WHO (18.5-25.0 kg/m?;
Organization 2000). As adiposity continues to increase into the overweight or obese range;
healthy appearance decreases (possibly observed in PC 2). We wanted to assess if PC 1
truly represents the lower weight individuals and PC 2 represents the higher weight
individuals. The dataset was split by the median for facial adiposity to form low and high
“‘weight” groups. We assessed both groups’ relationships with PC 1 and PC 2. As
predicted, PC 1 showed a stronger, positive correlation with the low-weight group (r°=0.77;
p<0.0005) compared to the high weight group (r?=0.37; p=0.029). And PC 2 showed a
stronger negative correlation with the higher weight group (r?=-0.68; p<0.0005) compared

to the lower weight group (r>=-0.16; p=0.35).

Health is significantly and positively correlated with PC colour (r=0.464, p=0.002). This
means that individuals that have a lighter, redder and yellower skin tone appear to be
healthier. As observed earlier in Table 2.3, health appearance is also significantly
positively correlated with averageness, masculinity (found predominantly in PC 1) and
symmetry (found predominantly in PC 2). To visualise the facial variables that will be used
for further analyses in experiment one, composite images consisting of the average image
of 10 faces were created for the highest and lowest values of each variable (Figure 2.7 A-
E).
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Health Averageness |

C. PC1 (+Masculinity/+Adiposity) D. PC2 (+Symmetry/-Adiposity)

W Colour PC

Figure 2.7. Average faces of 10 participants with the lowest (images on the left) and 10
participants with the highest (images on the right) values for the respective variables
[(A) health, (B) averageness, (C) +masculinity/+adiposity component, (D) +symmetry/-

adiposity component and (E) colour component

Linear regressions

Separate linear regressions were performed to assess the relationships between the
genetic variation in SNPs (as the independent variable) and facial perceptions and colour
(as the dependant variables). The results are shown in Table 2.7 and significant results

are summarised in Figure 2.8.
From Figure 2.8 and Table 2.7, it can be observed that only rs1800896 (C/T SNP) in the

IL-10 promoter shows a direct significant relationship with health appearance; a healthier

appearance is positively associated with the T allele frequency. The G allele in the
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rs2227307 (G/T) SNP found in intron 1 of IL-8 is significantly associated with higher

+masculinity/+adiposity component values. The +masculinity/+adiposity component is

highly positively associated with a healthy appearance. The SNP rs2070874, in the IL-4

promoter is a C/T variant, the C allele is associated with higher colour PC values (lighter,

yellower and redder skin tone). The colour PC is positively associated with apparent
health. Finally, SNPs in the IL-6 (rs2069845) and in IFN-y (rs2069705) promoters are
significantly associated with facial averageness. Rs2069705 in IFN-y and rs2069845 in IL-

6 are A/G SNPs and individuals with the AA genotypes have significantly higher facial

averageness ratings. Averageness is also highly positively associated with health

perception. No SNPs were significantly associated with the +symmetry/-adiposity

component. But the +symmetry/-adiposity component was significantly and positively

associated with health.

Table 2.7. Observed F statistics (the top number) and R2 values (the bottom number) after

separate linear regressions between SNP and facial appearance variables

dbSNP Health Averageness PC1 PC2 PC colour
IL-2 F1,62=0.182 F162=0.311 F1,62=0.906 F1,62=0.993 F1,37=0.131
rs2069771 R2= 0.003 R2= 0.005 R2=0.030 R?=0.016 R2= 0.004
IL-4 F1,60=0.804 F1,60=0.104 F1,60=0.086 F1,60=0.104 F1,42=7.192**
rs2070874 R?=0.012 R2=0.002 R2=0.001 R2=0.002 R2= 0.146
IL-6 F1,66=0.844 F1,66=0.130 F1,66=1.173 Fi166=2.211 F1,40=0.476
rs10499563 R?=0.013 R2=0.002 R2=0.017 R?=0.032 R2=0.012
IL-6 F1,60=0.491 F1,60=5.721* F1,60=0.341 F1,60=0.030 F1,42=0.031
rs2069845 R2=0.007 R2=0.077 R2=0.005 R2=0.000 R2= 0.001
IL-8 F1,68=3.062 F1,68=0.180 F1,68=10.685** | F163=0.710 F1,42=0.037
rs2227307 R%2=0.043 R2=0.003 R2=0.136 R2=0.010 R?= 0.001
IL-10 F1,62=4.609* F1,62=0.011 F1,62=2.442 F1,62=1.009 F1,37=0.727
rs1800896 R2= 0.069 R2=0.000 R2=0.038 R?=0.016 R2=0.019
IFN-y F1,67=0.365 F1,67=4.156* F1,67=0.209 F1,67=1.211 F1,41=0.222
rs2069705 R%= 0.005 R2=0.058 R2= 0.003 R?=0.018 R%= 0.005
CSF2 F1,68=0.272 F1,68=0.000 F1,68=0.153 F168=3.264 F1,41=0.273
rs25882 R2=0.004 R2=0.000 R2=0.002 R2=0.046 R2=0.007
CSF2 F1,690=0.202 F1,690=0.432 F1,69=0.000 F1,690=0.919 F1,42=0.160
rs721121 R?= 0.003 R2= 0.006 R2= 0.000 R2=0.013 R?=0.004

*p<0.05, **p<0.01, **p<0.001
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Figure 2.8 Overview of significant linear regression relationships between cytokine related
SNPs, apparent health and the facial cues that influence apparent health

2.3.4. Experiment two analysis

Linear regressions
Separate linear regressions were performed with the nine SNPs as the independent
variable and seven structural PCs as the dependant variable to assess the relationship

between genetic variation in cytokine SNPs and facial shape (Table 2.8).

Three SNPs were significantly associated with facial shape components. SNP rs10499563
(C/T) in IL-6 was significantly associated with PC 1 (F1, 66=4.639, R?=0.066, p=0.035).

Higher PC 1 values are attributed to the C allele. The SNP in IL-10 (rs1800896) was highly
significantly associated with PC 3 (F1,62=7.661, R?=0.110, p=0.007) with the C allele giving

rise to higher PC 3 values and the T allele resulting in lower PC 3 values. Lastly, a highly
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significant relationship was found between rs2227307 (a T/G polymorphism found in IL-8)
and PC 7 (F1,68=7.305, R?=0.097, p=0.009); the T allele is related to higher PC 7 values.

Table 2.8. Observed F statistics (the top number) and R? values (the bottom number) after

separate linear regressions between SNP and facial structural principal components

dbSNP PC1 PC 2 PC3 PC4 PC5 PC 6 PC7

IL-2 F162=2.301 F162=0.340 | F1,62=0.000 F162=1.205 | F162=1.025 | F162=1.162 | F162=0.021
rs2069771 R?=0.036 R?=0.005 R?=0.000 R?=0.019 R?=0.016 R?=0.018 R2=0.000
IL-4 F169=0.135 F169=0.727 | F160=2.714 F169=0.207 | F160=0.004 | F169=3.652 | F160=0.769
rs2070874 R?=0.002 R?=0.010 R?=0.038 R?=0.003 R?=0.000 R?=0.050 R?=0.011
IL-6 F1,66=4.639* | F166=0.001 | F166=0.104 F166 =0.055 | F166=0.039 | F166=0.778 | F1,66=0.080
rs10499563 | R?=0.066 R2=0.000 R?=0.002 R?=0.001 R?=0.001 R?=0.012 R?=0.001
IL-6 F169=0.107 F160=0.430 | F1,69=0.739 F160=0.222 | F160=0.137 | F1,69=3.657 | F1,60=1.567
rs2069845 R?=0.002 R?=0.006 R?=0.011 R?=0.003 R?=0.002 R?=0.050 R?=0.022
IL-8 F168=0.069 F168=0.044 | F1638=1.361 F1,68=0.878 | F1,68=0.003 | F1,68=0.693 | F163=7.305**
rs2227307 R?=0.001 R?=0.001 R?=0.20 R?=0.013 R?=0.000 R?=0.010 R2=0.097
IL-10 F162=0.871 F162=2.150 | F162=7.661** | F162=0.823 | F162=0.000 | F162=0.003 | F1,62=0.040
rs1800896 R?=0.014 R?=0.034 R?=0.110 R?=0.013 R?=0.000 R?=0.000 R?=0.001
IFN-y F167 =0.528 F167=2.810 | F1,67=0.096 F167=0.494 | F141=1.257 | F167=0.004 | F167=0.001
rs2069705 R2=0.008 R2=0.040 R?=0.001 R?=0.007 R?=0.018 R?=0.000 R?=0.000
CSF2 F168=0.032 F1686=3.103 | F168=0.107 F168=0.007 | F168=0.343 | F168=0.021 | F1,68=1.599
rs25882 R2=0.000 R?=0.044 R2=0.002 R?=0.000 R?=0.005 R?=0.000 R?=0.023
CSF2 F169=0.265 Fi69=0.242 | F160=0.125 F1,60=0.183 | F160=0.812 | F169=0.267 | F1,69=0.140
rs721121 R?=0.004 R2=0.003 R2=0.002 R?=0.003 R?=0.012 R?=0.004 R?=0.002

*p<0.05, **p<0.01, **p<0.001

Characterising significant structural PCs

Three structural PCs revealed to have significant associations with cytokine SNPs; PC 1,
PC 3 and PC 7 (Table 2.8). To further understand these results, each of the structural PCs

were characterised by observing the average faces for the low and high values of the PCs

(Figure 2.9 A, B and C). We also investigated the significant associations these structural

PCs have with facial judgements obtained from experiment one.

Structural PC 1 explains 32% of the facial variance and it was significantly and positively

correlated with perceptual PC 2 (+symmetry/-adiposity; r= 0.317, p=0.007) and health

perception (r=0.237, p=0.046). Faces with lower structural PC 1 values do appear to be

heavier and more symmetrical compared to faces with higher PC 1 values (Figure 2.9 A).
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Faces with lower PC 3 values also appear to have heavier faces (Figure 2.9 B). Structural
PC 3 explains 12% of facial variance and is also positively associated with the 2
+symmetry/-adiposity component (r=0.330, p=0.005). Structural PC 7 is the only structural
PC that is significantly associated with the +masculinity/+adiposity component (r=-0.322,
p=0.006). This significant correlation is negative and can be observed in the lower average
face for structural PC 7 that appears heavier and more masculine than the higher
structural PC 7 faces (Figure 2.9 C). PC 7 explains 3% of the facial variance. Interestingly,
the SNPs were only significantly associated with structural components that were related
to health perception or perceptual cues that influence health appearance (only one
structural component, PC 5, that was significantly related to +symmetry/-adiposity, did not

have a significant relationship with a cytokine SNP).

Unfortunately, no results were significant after a Bonferroni corrected alpha of
p=0.000463.
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Figure 2.9. Average faces of 10 participants with the lowest (images on the left) and 10

participants with the highest (images on the right) values for the respective variables
(Structural PC 1 (A), PC3 (B) and PC7 (C)). Frontal and profile images are presented for

each average face

2.4 Discussion

The aim of this study was to assess the association between cytokine related SNPs and
facial appearance in African men. The genetic focus was centred on nine SNPs associated
with seven cytokine genes (a SNP in IL-2, IL-4, IL-8, IL-10 and IFN-y and two SNPs in IL-6
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and GM-CSF). Facial appearance was measured as different variables in experiment one
and experiment two. In experiment one we assessed the relationship that the SNPs have
with health perception as well as the facial cues that have been previously shown to
influence health perception (measured skin colour and perceived masculinity, adiposity,
symmetry and averageness). In experiment two, we investigated the association between
these SNPs and facial structure explained by structural components of the face gathered
from a PCA of x and y coordinates from a total of 71 points that were plotted on facial
images. We did in fact find a number of significant associations between SNPs in cytokine
genes and facial appearance. As well as more intricate findings between health perception

and the facial cues that influence health perception.

IL-4 SNP and skin colour

An exclusive significant relationship was observed between rs2070874 in the promoter of
IL-4 (will now be referred to as the IL-4 SNP) and the skin colour PC. The IL-4 SNP was
only associated with skin colour and no structural components of the face. IL-4 has in fact
been shown in previous studies to play a role in skin homeostasis (Elbe-Burger et al. 2002;
Sehra et al. 2010) and skin colour changes that occur during an immune response (Choi et
al. 2013). IL-4 promotes the humoral and inhibits the cellular immune response (Swain et
al. 1990; Gautam et al. 1992). The cytokine plays an important role in asthma (Broide et al.
1992; Shirakawa et al. 2000) and is responsible for the production of the IgE antibodies
that cause allergies (Finkelman et al. 1988).

The T-allele of this SNP is significantly associated with the skin colour that appears less
healthy (darker skin with a less yellow and red skin tone). There are 3 possible
explanations for why we observed this relationship. Firstly, the T-allele has been
previously shown to increase IL-4 expression and protein production (Nakashima et al.
2002; Gonzales et al. 2010; Anovazzi et al. 2017). Initially, this may seem contradictory
but, due to the role that IL-4 plays to promote allergies, asthma and inflammation, higher
levels of IL-4 results in hyperactivity of the immune system (Choi and Reiser 1998) which

is in fact unhealthy.

Secondly, IL-4 has been shown in previous studies to play a role in skin colour through
inhibition of melanogenesis in normal human melanocytes that were cultured from

Japanese, Chinese and Korean ethnic backgrounds (melanogenesis is the production of
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melanin, a pigment that is responsible for a darker skin tone; Choi et al. 2013). During an
immune response or an allergic reaction (after the release of IL-4) Caucasian and Asian
skin increases in redness and hypopigmentation (lighter skin) occurs. This is not in
agreement with the current study as we observed that the allele affiliated with higher IL-4
levels is associated with darker skin that is not as red in colour. This discrepancy can be
explained through the difference in skin colour changes, due to an immune response, that
occurs between Africans, Caucasians and Asians (Taylor 2002). For example Choi et al.
(2013) noted that the effects of cytokines on melanocytes varies, according to the ethnicity
origin of the melanocyte. The same cytokine concentrations were introduced to cultured
melanocytes from different ethnicities. Melanogenesis was inhibited in
Chinese/Korean/Japanese melanocytes, the viability of African-American melanocytes
was compromised and not much change was observed in the Caucasian melanocytes (a
much higher concentration of these cytokines was added to the Caucasian melanocytes
before their viability was compromised; Choi et al. 2013). Hyperpigmentation (darker skin)
that occurs due to an immune response (for example “post-inflammatory
hyperpigmentation”) is also much more common in darker skinned individuals as opposed
to lighter skinned or Caucasian individuals (Davis and Callender 2010). It is still unclear
why people of different ethnicities experience different changes in skin colour due to an
immune response (Taylor 2002).

Thirdly, a less yellow skin tone that is observed with the T-allele could be explained
through IL-4’s vital role in asthma and allergies. Individuals that suffer from asthma and
allergies have increased levels of IL-4 which leads to an increase in free radicals and other
ROS that cause oxidative stress (Dworski 2000; Sahiner et al. 2011; Qu et al. 2017). Anti-
oxidants such as B-carotene (a type of carotenoid) are used in the body to neutralise these
free radicals and other ROS (Johnson 2002). The T-allele could be related in this study to
a less yellower skin tone as carotenoids in the body (responsible for giving skin its yellow
colour (Stephen et al. 2011; Whitehead et al. 2012)) are used to neutralise ROS (Johnson
2002) caused by asthma and allergies, this leads to less carotenoid deposition in the skin
cells. Individuals that have higher carotenoid levels, specifically B-carotene, have in fact

been found to have fewer reported respiratory infections (Van Der Horst-Graat et al. 2007).
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IL-8 SNP and the +masculinity/+adiposity component

One of the most significant genetic relationships we found with facial appearance was with
the SNP we investigated in intron 1 of IL-8 (rs2227307; T/G), the only chemokine that was
investigated in this study. Chemokines induce inflammation in the innate immunity and
recruit immune cells to the site of infection (Luster 1998). The T allele of the IL-8 SNP is
the variant within the literature that has been associated with lower health. The T allele
has shown to be a risk factor for certain diseases such as chronic periodontitis (Zhang et
al. 2014) and with respiratory health issues such as idiopathic pulmonary fibrosis (Ahn et
al. 2011) and lung function decline in chronic obstructive pulmonary disease (Cordoba-
Lanus et al. 2015).

The relationship between the IL-8 SNP and the +masculinity/+adiposity component was
revealed in both experiment one and experiment two. The T-allele of the IL-8 SNP was
associated with lower +masculinity/+adiposity component values which were strongly
correlated with lower health ratings. IL-8 is the only chemokine we explored in this study
and the IL-8 SNP was the only SNP in this study that was significantly associated directly
with the +masculinity/+adiposity component in experiment one. In experiment two, the IL-8
SNP revealed an exclusive relationship with the only structural PC (PC 7) that was

significantly correlated with the +masculinity/+adiposity component.

The +masculinity/+adiposity component is more representative of the under-normal weight
individuals in this sample cohort hence why adiposity in this component increases with
health perception. This positive relationship between adiposity and health in lower weight
individuals is in accordance with the literature as individuals who are underweight have
been shown to have low immune functioning and poorer health compared to normal weight
individuals (Ritz and Gardner 2006). IL-8 is an important pro-inflammatory cytokine and
inflammation and weight have in fact been closely linked in the literature (Plata-Salaman
and Borkoski 1993; Mora and Pessin 2002; Lyon et al. 2003). However in the current study
the IL-8 SNP is mostly associated with adiposity in under-normal weight individuals. The
IL-8 SNP may in fact be related with muscularity. Previous work proposed that the
+masculinity/+adiposity component indicates muscularity (a measure of strength) in the
face (Phalane et al. 2017). Higher testosterone levels increase muscularity and body

weight as well as facial masculinity (Bhasin 2003; Penton-Voak and Chen 2004).
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Therefore, in the underweight-normal weight men in this study, muscle and not fat likely

plays an important role in this component (Phalane et al. 2017).

The relationship that the +masculinity/+adiposity component has with the IL-8 SNP and
health perception may support the ICHH which states that testosterone mediated traits
(such as facial masculinity/muscularity (Penton-Voak and Chen 2004)) could indicate
health. Testosterone is an immunosuppressant, therefore only males that have a superior
ability to fight off infections, can afford to have higher testosterone levels (Folstad and
Karter 1992). Facial masculinity has been associated with some measures of immunity
such as self-reported respiratory infections, response to hepatitis B vaccinations and
cytokine response (Thornhill and Gangestad 2006; Rantala et al. 2013a; Phalane et al.
2017). However, other measures of the immune system such as self-reported anti-biotic
use and HLA heterozygosity have no significant relationship with facial masculinity (Lie et
al. 2008; Boothroyd et al. 2013). In the current study, masculinity was only related to a
chemokine SNP and no other cytokine polymorphisms. Therefore masculinity/adiposity

(likely muscularity) may indicate certain aspects of the immune system but not others.

IL-10 and health perception

IL-10 is a strong anti-inflammatory cytokine primarily involved in the humoral immune
response. Rs1800896 is a SNP found in the promoter of IL-10 that we investigated in this
study. This SNP forms part of a haplotype group with two other SNPs (GCC) that have
been associated with increased production in vivo (Turner et al. 1997), stronger
transcriptional activity (Crawley et al. 1999) and higher mRNA expression (Suarez et al.
2003) of IL-10. Analysing rs1800896 independently from the other two SNPs still revealed
significant results with IL-10 expression; the c allele is significantly associated with higher

MRNA expression, serum protein levels and ex vivo levels of IL-10. (Suarez et al. 2003).

The IL-10 SNP was the only SNP to be directly associated with overall health appearance;
the C allele was significantly associated with lower health perception. It is unclear what
facial component mediates this relationship as the IL-10 SNP was not directly associated
with any other perceptual components. Interestingly in experiment two, the C allele of the
IL-10 SNP revealed the opposite relationship with health appearance, although it was an
indirect relationship. The C-allele of the IL-10 SNP had a significant association with higher

structural PC 3 values (a much stronger association was found with PC 3 than with health
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perception in experiment one). PC 3 explains a relatively high percentage of the variance
in the face (11.88%) and is highly significantly and positively correlated with the
+symmetry/—adiposity component, which is positively correlated with health perception.
Although the IL-10 SNP influences facial appearance, there are discrepancies between the
two experiments as to how it influences health perception specifically. This could be due to
the fact that the IL-10 SNP may influence other factors in facial appearance that were not

explored in this study.

IL-6 and facial structure

The SNP found in the promoter of IL-6 (rs10499563) had no significant relationships in
experiment one however a significant relationship was discovered in experiment two with
the structural component that explained the highest variance in the face (PC 1 that
explains 32% of the variance). PC 1 was highly significantly and positively correlated with
the +symmetry/—adiposity component (which is positively correlated with health
perception). PC 1 is also the only structural component that was directly and significantly

associated with health perception.

IL-6 is an important pro-inflammatory cytokine that plays an important role in the entire
immune response. The T allele for this SNP is found on an enzyme recognition site and is
associated with an increase in IL-6 expression (Joffe et al. 2014). The T allele in this study
is significantly associated with higher PC 1 values that are positively correlated with higher

+symmetry/—adiposity and health perceptions.

IL-6 and averageness

There was another SNP that was investigated in the IL-6 gene. Rs1554606 is a SNP found
in intron 4 of the IL-6 gene and was slightly significantly associated with facial
averageness. The SNP revealed no other significant relationship in this study. And
averageness was not significantly correlated with any structural components. The G allele
of the SNP in IL-6 has been shown to alter enzyme recognition sites. It may be the more
detrimental allele that is associated with obesity and aversive symptoms in cancer patients
that result due to an increase of pro-inflammatory cytokines (Joffe et al. 2014; Doong et al.
2015; Todendi et al. 2015). The G allele in this study is in fact significantly associated with

lower perceived averageness which is significantly correlated to lower health perception.
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IFN-y and averageness

Similar to the IL-6 SNP found in intron 4, the SNP that we investigated in IFN-y
(rs2069705) was significantly associated with averageness. Like IL-6, IFN-y is also a pro-
inflammatory cytokine. The A allele in the A/G SNP is associated with higher averageness
perceptual scores. IFN-y is primarily involved in the cellular immune response pathway
(lizermans and Marquet 1989; Samuel 2001) and is the only cellular immune cytokine in
this study that has a significant relationship with facial appearance (although the
relationship is not very strong). This particular SNP has been suggested to be associated
with differential levels of IFN-y although its effect on actual expression has not been
studied directly (Kim et al. 2010).

2.5 Conclusions

We found significant associations between 6 cytokine-associated SNPs and facial
appearance in African men: rs2070874 in IL-4 was significantly associated with skin
colour, rs2227307 in IL-8 with +masculinity/+adiposity, rs2069845 in IL-6 and rs2069705 in
IFN-y with averageness and rs10499563 in IL-6 and rs1800896 in IL-10 with structural
components 1 and 3 respectively that are significantly associated with +symmetry/—
adiposity. Only one SNP (rs1800896 in the IL-10 gene) was directly associated with
perceived health. Interestingly, all SNPs that were associated with cytokines that play a
primary role in the humoral immune response (IL-4,-6 and-10) had significant relationships
with facial appearance. Only one SNP in the cellular immune response (IFN-y) and innate
immune response (IL-8) had significant relationships with facial appearance. However, it is
to be noted that although cytokines have primary functions within the immune system,
most cytokines play various and multiple roles in the immune response and in immune
homeostasis. The relationship between facial appearance and immunity is expectantly
complicated and it appears that different aspects of the immune system may be related to
different aspects of facial appearance.

It is very important to note that these results should be interpreted with caution given the
small sample size. A major concern for this study is that there is no longer significance
after Bonferroni correction. This is not surprising as Bonferroni correction is recognised as
a very stringent method of correction for multiple testing (Armstrong 2014). It is still very

important to conduct further research with better statistical power (possibly through
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increasing the sample sizes or number of SNPs) to determine whether the associations in
this study hold. Although my results are non-significant after correcting for multiple testing,
it is still very important to report. Non-significant findings can be just as insightful as
significant results. Unfortunately non-significant findings are not often published and this

leads to publication bias within the literature.

The findings in the current study are however, still pertinent and worth reporting given that
this is the first study to find associations between facial appearance and cytokine-
associated genetic variation. The face is a complex polygenic trait that is influenced by
environmental factors and finding a single SNP that significantly influences facial
appearance is very fascinating. What is even more extraordinary is the discovery of
multiple cytokine related SNPs that have a significant relationship with facial appearance.
The percentage variance in the face explained by the SNPs is small, as is expected in a

highly polygenic trait.

This study has provided possible further evidence of the complicated relationships
between facial appearance and health (specifically immunity) in men (Roberts et al. 2005;
Lie et al. 2008; Rantala et al. 2013a; Phalane et al. 2017). Findings may also expand the
genetic knowledge we already have between facial appearance and health that we've

obtained from HLA studies.
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Chapter 3

This study focussed on assessing SNPs within multiple cytokines that play a role in
various aspects of the immune response as well as general inmune homeostasis.
Different cytokines were significantly associated with different aspects of an individual's
facial appearance. Therefore various facial cues that influence health appearance could be
related to different immune responses or other aspects of actual health. The complicated
relationship between health and facial appearance should prompt more studies to assess
the relationship between facial appearance and direct measures of immunity that
represent various aspects of the immune response. To date, only response to hepatitis B
vaccinations and cytokine response have been investigated. We found that there are
strong and intricate relationships amongst the perceptual judgments. This should
encourage future studies to assess facial health cues together as opposed to studying
them separately.

The current study found significant associations between IL-4, -6, -8, -10 and IFN- y SNPs
with facial appearance. We did not investigate how these SNPs influence cytokine activity,
if they directly influence immunity and health or if they are in LD with another functional
SNP. Future studies could investigate the mechanisms that may mediate these
associations between the SNPs and facial appearance. Through these studies we could
gain a more global understanding between health, specifically immunity, and facial
appearance.

A few challenges were highlighted during the literature search for the candidate SNPs for
this study. In a candidate gene study, it is very important which candidates are chosen as
it will aid in the validity of the final results. | chose cytokines as candidate genes as they
are intimately involved in the entire immune response as well as homeostasis of the
immune system (Vilek 2003). Therefore cytokines can be a good representation of an
individual’s immunity and overall health. A recently published paper has also found that
cytokine activity levels are associated with facial appearance (Phalane et al. 2017).
Choosing the SNPs within the cytokine genes to be studied was done as meticulously as
possible. The final SNPs chosen were all related in some manner to cytokine activity or
health and they had a MAF in the African populations >25%. Certain SNPs that could be
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considered as more important or relevant as they had been studied more extensively,
were not chosen for this experiment due to very low MAF that they had in the African
populations. Similarly, some of the SNPs that had a high enough MAF in African
populations had low MAF in other populations (Caucasian or Asian populations), therefore
they were not studied as extensively and there were a lack of studies surrounding the
SNPs. This issue further highlights the importance of this study conducted in an African
population, a population that has been relatively under-represented.

The SNPs chosen for this study spread across different cytokine genes found on different
chromosomes that play numerous important roles in the immune response. We assessed
polymorphisms in a variety of cytokine genes that primarily function in the humoral (IL-4,
IL-6, and IL-10), the cellular (IL-2 and IFN-y) and innate immune responses (IL-8 and GM-
CSF). | was however limited in the number of SNPs | could choose for this study. The
various significant results from the current study should lead to the investigation for more
candidate SNPs within the current genes as well as candidate SNPs in other cytokine
genes to be assessed in future facial appearance studies. Increasing the number of SNPs
in the study could increase the statistical power and could even reveal significant results

after correction for multiple testing, which | was unfortunately not able to do in this study.

As mentioned earlier, the biggest limitation to the current study is the sample size. We
however, took several measures to maximise the power of the analyses given the sample
size. First, we recruited a fairly homogenous group of participants (Black South African
men aged between 18 and 25). Second, we selected candidate SNPs with a high minor
allele frequency (>25%) in the African populations, thereby increasing the power of the
analyses (Hong and Park 2012). Third, we minimised the number of independent tests by
reducing the number of facial appearance variables through principal components
analysis. One of the reasons for the small sample in the current study was because of the
unwillingness of the participants to give blood samples. For future studies DNA will be
obtained through a more non-invasive measure such as saliva. This would encourage

participants and increase the sample size.

It would also be interesting to assess the relationships between cytokine related SNPs and
facial appearance in different populations from different ethnic backgrounds as well as

different genders since immune responses and facial cues that influence health perception
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differ in genders and ethnicities. Potential environmental influences (smoking, sun
exposure, living conditions etc.) were not controlled for in this study. In a larger sample,
more demographic information should be collected and considered during analysis. Our
research group has also moved to 3D imaging, which will be beneficial in future studies as
3D facial images will be able to capture more variation within the face that this study might

have missed.

Facial appearance is a very complex polygenic trait that is also influenced by
environmental factors. We were still able to find marginal significant relationships between
cytokine SNPs and facial appearance. The SNPs within these cytokines (or correlated
SNPs) may directly influence facial development and appearance or they may influence
how facial appearance adapts and develops in response to the environment. This study is
the first to find a significant association between facial appearance and cytokine related
genes. Itis also one of the very few studies assessing health and facial appearance within
an African population.

This study may be beneficial in various fields of research such as forensics and
evolutionary studies. There is on-going research in the forensics field to find the genes that
influence facial appearance so that unknown victims or suspects may be identified from
DNA left at a crime scene. Our findings may expand the scope of potential candidate
genes which influence variation within the face. We also show in this study, that facial
traits which influence attractiveness are significantly associated with immune based genes
such as cytokines. These results could lead to future studies that would provide further
evidence and support for the evolutionary “good-genes” hypothesis which states that

attractive traits may indicate biological quality.

This research is extremely novel and it could lay the foundation for many future studies to
better understand the genes that influence facial appearance and to better understand the

relationship between facial appearance and health.

57| Page



References

Abbas, A. K., A. H. Lichtman, S. Pillai, D. L. Baker and A. Baker, 2016 Basic immunology :
functions and disorders of the immune system, pp. Elsevier, St. Louis, Mo. :.

Abdi, H., and L. J. Williams, 2010 Principal component analysis. Wiley interdisciplinary
reviews: computational statistics 2: 433-459.

Ader, R., N. Cohen and D. Felten, 1995 Psychoneuroimmunology: interactions between
the nervous system and the immune system. The Lancet 345: 99-103.

Adhikari, K., M. Fuentes-Guajardo, M. Quinto-Sanchez, J. Mendoza-Revilla, J. Camilo
Chacon-Duque et al., 2016 A genome-wide association scan implicates DCHS2,
RUNX2, GLI3, PAX1 and EDAR in human facial variation. Nat Commun 7: 11616.

Adolphs, R., D. Tranel and A. R. Damasio, 1998 The human amygdala in social judgment.
Nature 393: 470-474.

Ahn, M.-H., B.-L. Park, S.-H. Lee, S.-W. Park, J.-S. Park et al., 2011 A promoter SNP
rs4073T>A in the common allele of the interleukin 8 gene is associated with the
development of idiopathic pulmonary fibrosis via the IL-8 protein enhancing mode.
Respiratory Research 12: 73.

Alexander, J., and W. Stimson, 1988 Sex hormones and the course of parasitic infection.
Parasitology Today 4: 189-193.

An, P., C. L. Thio, G. D. Kirk, S. Donfield, J. J. Goedert et al., 2008 Regulatory
polymorphisms in the interleukin-18 promoter are associated with hepatitis C virus
clearance. J Infect Dis 198: 1159-1165.

Andersson, M., 1982 Sexual selection, natural selection and quality advertisement.
Biological Journal of the Linnean Society 17: 375-393.

Andersson, M. B., 1994 Sexual selection. Princeton University Press, Princeton, N.J.

Anovazzi, G., M. Medeiros, S. Pigossi, L. Finoti, T. S. Moreira et al., 2017 Functionality
and opposite roles of two interleukin 4 haplotypes in immune cells. Genes and
immunity.

Armstrong, N., and J. R. Welsman, 2001 Peak oxygen uptake in relation to growth and
maturation in 11- to 17-year-old humans. Eur J Appl Physiol 85: 546-551.

Armstrong, R. A., 2014 When to use the Bonferroni correction. Ophthalmic Physiol Opt 34:
502-508.

Aschebrook-Kilfoy, B., T. Zheng, F. Foss, S. Ma, X. Han et al., 2012 Polymorphisms in
immune function genes and non-Hodgkin lymphoma survival. J Cancer Surviv 6:
102-114.

58| Page



Atkins, M. B., M. T. Lotze, J. P. Dutcher, R. I. Fisher, G. Weiss et al., 1999 High-Dose
Recombinant Interleukin 2 Therapy for Patients With Metastatic Melanoma:
Analysis of 270 Patients Treated Between 1985 and 1993. Journal of Clinical
Oncology 17: 2105-2105.

Behm, B., P. Babilas, M. Landthaler and S. Schreml, 2012 Cytokines, chemokines and
growth factors in wound healing. Journal of the European Academy of Dermatology
and Venereology 26: 812-820.

Besedovsky, H., and A. Del Rey, 1992 Immune-neuroendocrine circuits: integrative role of
cytokines. Frontiers in neuroendocrinology 13: 61-94.

Beutler, B., 2004 Innate immunity: an overview. Molecular immunology 40: 845-8509.

Bhasin, S., 2003 Regulation of body composition by androgens. Journal of
endocrinological investigation 26: 814-822.

Bishop, G., B. Hall, M. Suranyi, D. Tiller, J. Horvath et al., 1986 Expression of HLA
antigens on renal tubular cells in culture. I. Evidence that mixed lymphocyte culture
supernatants and gamma interferon increase both class | and class Il HLA antigens.
Transplantation 42: 671-679.

Boehringer, S., F. van der Lijn, F. Liu, M. Gunther, S. Sinigerova et al., 2011 Genetic
determination of human facial morphology: links between cleft-lips and normal
variation. Eur J Hum Genet 19: 1192-1197.

Boothroyd, L. G., B. C. Jones, D. M. Burt, R. E. Cornwell, A. C. Little et al., 2005 Facial
masculinity is related to perceived age but not perceived health. Evolution and
Human Behavior 26: 417-431.

Boothroyd, L. G., I. Scott, A. W. Gray, C. I. Coombes and N. Pound, 2013 Male Facial
Masculinity as a Cue to Health Outcomes. Evolutionary Psychology 11:
147470491301100508.

Borish, L. C., H. S. Nelson, J. Corren, G. Bensch, W. W. Busse et al., 2001 Efficacy of
soluble IL-4 receptor for the treatment of adults with asthma. Journal of Allergy and
Clinical Immunology 107: 963-970.

Borkenau, P., S. Brecke, C. Mottig and M. Paelecke, 2009 Extraversion is accurately
perceived after a 50-ms exposure to a face. Journal of Research in Personality 43:
703-706.

Boushel, R., H. Langberg, J. Olesen, J. Gonzales-Alonzo, J. Bilow et al., 2001 Monitoring
tissue oxygen availability with near infrared spectroscopy (NIRS) in health and

disease. Scandinavian journal of medicine & science in sports 11: 213-222.

59| Page



Boyman, O., and J. Sprent, 2012 The role of interleukin-2 during homeostasis and
activation of the immune system. Nat Rev Immunol 12: 180-190.

Broide, D. H., M. Lotz, A. J. Cuomo, D. A. Coburn, E. C. Federman et al., 1992 Cytokines
in symptomatic asthma airways. Journal of Allergy and Clinical Immunology 89:
958-967.

Burkhardt, J., H. Kirsten, G. Wolfram, E. Quente and P. Ahnert, 2012 Differential allelic
expression of IL13 and CSF2 genes associated with asthma. Genetics and
Molecular Biology 35: 567-574.

Carrito, M. d. L., I. M. B. d. Santos, C. E. Lefevre, R. D. Whitehead, C. F. d. Silva et al.,
2016 The role of sexually dimorphic skin colour and shape in attractiveness of male
faces. Evolution and Human Behavior 37: 125-133.

Chai, Z., S. Gatti, C. Toniatti, V. Poli and T. Bartfai, 1996 Interleukin (IL)-6 gene
expression in the central nervous system is necessary for fever response to
lipopolysaccharide or IL-1 beta: a study on IL-6-deficient mice. The Journal of
Experimental Medicine 183: 311-316.

Chatila, T., E. Castigli, R. Pahwa, S. Pahwa, N. Chirmule et al., 1990 Primary combined
immunodeficiency resulting from defective transcription of multiple T-cell
lymphokine genes. Proceedings of the National Academy of Sciences 87: 10033-
10037.

Choi, H., H. Choi, J. Han, S. H. Jin, J.-Y. Park et al., 2013 IL-4 Inhibits the Melanogenesis
of Normal Human Melanocytes through the JAK2—-STAT6 Signaling Pathway.
Journal of Investigative Dermatology 133: 528-536.

Choi, P., and H. Reiser, 1998 IL-4: role in disease and regulation of production. Clinical
and Experimental Immunology 113: 317-319.

Claes, P., H. Hill and M. D. Shriver, 2014a Toward DNA-based facial composites:
preliminary results and validation. Forensic Sci Int Genet 13: 208-216.

Claes, P., D. K. Liberton, K. Daniels, K. M. Rosana, E. E. Quillen et al., 2014b Modeling
3D Facial Shape from DNA. PLoS Genet 10: €1004224.

Claudino, M., A. P. Trombone, C. R. Cardoso, S. B. Ferreira, Jr., W. Martins, Jr. et al.,
2008 The broad effects of the functional IL-10 promoter-592 polymorphism:
modulation of IL-10, TIMP-3, and OPG expression and their association with
periodontal disease outcome. J Leukoc Biol 84: 1565-1573.

Cockerill, P. N., M. F. Shannon, A. G. Bert, G. R. Ryan and M. A. Vadas, 1993 The

granulocyte-macrophage colony-stimulating factor/interleukin 3 locus is regulated

60| Page



by an inducible cyclosporin A-sensitive enhancer. Proceedings of the National
Academy of Sciences 90: 2466-2470.

Coetzee, V., L. Barrett, J. M. Greeff, S. P. Henzi, D. I. Perrett et al., 2007 Common HLA
alleles associated with health, but not with facial attractiveness. PLoS One 2: e640.

Coetzee, V., S. J. Faerber, J. M. Greeff, C. E. Lefevre, D. E. Re et al., 2012 African
Perceptions of Female Attractiveness. PLOS ONE 7: e48116.

Coetzee, V., J. M. Greeff, |I. D. Stephen and D. I. Perrett, 2014 Cross-cultural agreement in
facial attractiveness preferences: the role of ethnicity and gender. PLoS One 9:
€99629.

Coetzee, V., D. I. Perrett and I. D. Stephen, 2009 Facial adiposity: a cue to health?
Perception 38: 1700-1711.

Coetzee, V., D. Re, D. I. Perrett, B. P. Tiddeman and D. Xiao, 2011 Judging the health and
attractiveness of female faces: Is the most attractive level of facial adiposity also
considered the healthiest? Body Image 8: 190-193.

Colantonio, S., G. Coppini, D. Germanese, D. Giorgi, M. Magrini et al., 2015 A smart
mirror to promote a healthy lifestyle. Biosystems Engineering 138: 33-43.

Cole, J. B., M. Manyama, E. Kimwaga, J. Mathayo, J. R. Larson et al., 2016 Genomewide
Association Study of African Children ldentifies Association of SCHIP1 and PDESA
with Facial Size and Shape. PLoS Genet 12: e1006174.

Cole, J. B., M. Manyama, J. R. Larson, D. K. Liberton, T. M. Ferrara et al., 2017 Human
Facial Shape and Size Heritability and Genetic Correlations. Genetics 205: 967-
978.

Cooke, M. S., M. D. Evans, M. Dizdaroglu and J. Lunec, 2003 Oxidative DNA damage:
mechanisms, mutation, and disease. FASEB J 17: 1195-1214.

Cérdoba-Lanus, E., R. Baz-Davila, A. Espinoza-Jiménez, M. C. Rodriguez-Pérez, N. Varo
et al., 2015 IL-8 Gene Variants are Associated with Lung Function Decline and
Multidimensional BODE Index in COPD Patients But Not with Disease
Susceptibility: A Validation Study. COPD: Journal of Chronic Obstructive Pulmonary
Disease 12: 55-61.

Crawley, E., R. Kay, J. Sillibourne, P. Patel, |. Hutchinson et al., 1999 Polymorphic
haplotypes of the interleukin-10 5’ flanking region determine variable interleukin-10
transcription and are associated with particular phenotypes of juvenile rheumatoid
arthritis. Arthritis & Rheumatism 42: 1101-1108.

6l|Page



Cremer, K. J., S. B. Spring and J. Gruber, 1990 Role of human immunodeficiency virus
type 1 and other viruses in malignancies associated with acquired
immunodeficiency disease syndrome. Journal of the National Cancer Institute 82:
1016-1024.

Davis, E. C., and V. D. Callender, 2010 Postinflammatory Hyperpigmentation: A Review of
the Epidemiology, Clinical Features, and Treatment Options in Skin of Color. The
Journal of clinical and aesthetic dermatology 3: 20-31.

DeBruine, L.M., Jones, B.C., Crawford, J.R., Welling, L.L.M. & Little, A.C. (2010). 373 The
health of a nation predicts their mate preferences: Cross-cultural 374 variation in
women's preferences for masculinized male faces. Proceedings of 375 the Royal
Society of London B, 277, 2405-2410.

de Wit, E., L. van der Merwe, P. D. van Helden and E. G. Hoal, 2011 Gene-gene
interaction between tuberculosis candidate genes in a South African population.
Mamm Genome 22: 100-110.

Del Prete, G., M. De Carli, F. Almerigogna, M. G. Giudizi, R. Biagiotti et al., 1993 Human
IL-10 is produced by both type 1 helper (Thl) and type 2 helper (Th2) T cell clones
and inhibits their antigen-specific proliferation and cytokine production. The Journal
of Immunology 150: 353-360.

Delves, P. J., and I. M. Roitt, 2000 The immune system. New England journal of medicine
343: 37-49.

Dhiman, N., I. G. Ovsyannikova, J. M. Cunningham, R. A. Vierkant, R. B. Kennedy et al.,
2007 Associations between Measles Vaccine Immunity and Single-Nucleotide
Polymorphisms in Cytokine and Cytokine Receptor Genes. Journal of Infectious
Diseases 195: 21-29.

Djordjevic, J., A. I. Zhurov, S. Richmond and C. Visigen, 2016 Genetic and Environmental
Contributions to Facial Morphological Variation: A 3D Population-Based Twin Study.
PL0S One 11: e0162250.

Doong, S.-H., A. Dhruva, L. B. Dunn, C. West, S. M. Paul et al., 2015a Associations
between cytokine genes and a symptom cluster of pain, fatigue, sleep disturbance,
and depression in patients prior to breast cancer surgery. Biological research for
nursing 17: 237-247.

Dworski, R., 2000 Oxidant stress in asthma. Thorax 55: S51-S53.

Elbe-Burger, A., A. Egyed, S. Olt, R. Klubal, U. Mann et al., 2002 Overexpression of IL-4

alters the homeostasis in the skin. J Invest Dermatol 118: 767-778.

62|Page



Erdei, E., H. Kang, A. Meisner, K. White, G. Pickett et al., 2010 Polymorphisms in cytokine
genes and serum cytokine levels among New Mexican women with and without
breast cancer. Cytokine 51: 18-24.

Farkas, L. G., M. J. Katic and C. R. Forrest, 2005 International Anthropometric Study of
Facial Morphology in Various Ethnic Groups/Races. Journal of Craniofacial Surgery
16: 615-646.

Fattori, E., M. Cappelletti, P. Costa, C. Sellitto, L. Cantoni et al., 1994 Defective
inflammatory response in interleukin 6-deficient mice. The Journal of Experimental
Medicine 180: 1243-1250.

Ferry, Q., J. Steinberg, C. Webber, D. R. FitzPatrick, C. P. Ponting et al., 2014
Diagnostically relevant facial gestalt information from ordinary photos. Elife 3:
€02020.

Fink, B., K. Grammer and P. J. Matts, 2006 Visible skin color distribution plays a role in the
perception of age, attractiveness, and health in female faces. Evolution and Human
Behavior 27: 433-442.

Fink, B., P. J. Matts, D. D'Emiliano, L. Bunse, B. Weege et al., 2012 Colour homogeneity
and visual perception of age, health and attractiveness of male facial skin. J Eur
Acad Dermatol Venereol 26: 1486-1492.

Fink, B., and I. Penton-Voak, 2002 Evolutionary psychology of facial attractiveness.
Current Directions in Psychological Science 11: 154-158.

Finkelman, F., I. Katona, J. Urban, J. Holmes, J. Ohara et al., 1988 IL-4 is required to
generate and sustain in vivo IgE responses. The Journal of Immunology 141: 2335-
2341.

Fiorentino, D. F., A. Zlotnik, P. Vieira, T. R. Mosmann, M. Howard et al., 1991 IL-10 acts
on the antigen-presenting cell to inhibit cytokine production by Thl cells. The
Journal of Immunology 146: 3444-3451.

Fisher, C. ., A. C. Hahn, L. M. DeBruine and B. C. Jones, 2014 Integrating shape cues of
adiposity and color information when judging facial health and attractiveness.
Perception 43: 499-508.

Folstad, I., and A. J. Karter, 1992 Parasites, Bright Males, and the Immunocompetence
Handicap. The American Naturalist 139: 603-622.

Foo, Y. Z., L. W. Simmons and G. Rhodes, 2017a Predictors of facial attractiveness and
health in humans. Sci Rep 7: 39731.

63|Page



Foo, Y. Z., L. W. Simmons and G. Rhodes, 2017b The relationship between health and
mating success in humans. R Soc Open Sci 4: 160603.

Francis-West, P., R. Ladher, A. Barlow and A. Graveson, 1998 Signalling interactions
during facial development. Mechanisms of Development 75: 3-28.

Gabay, C., 2006 Interleukin-6 and chronic inflammation. Arthritis research & therapy 8: S3.

Gaffen, S. L., and K. D. Liu, 2004 Overview of interleukin-2 function, production and
clinical applications. Cytokine 28: 109-123.

Gallagher, G., J. Eskdale and J. L. Bidwell, 2003 CHAPTER 2 - Cytokine genetics —
Polymorphisms, functional variations and disease associations A2 - Thomson,
Angus W, pp. 19-55 in The Cytokine Handbook (Fourth Edition), edited by M. T.
Lotze. Academic Press, London.

Gangestad, S. W., and D. M. Buss, 1993 Pathogen prevalence and human mate
preferences. Ethology and sociobiology 14: 89-96.

Gangestad, S. W., L. A. Merriman and M. Emery Thompson, 2010 Men’s oxidative stress,
fluctuating asymmetry and physical attractiveness. Animal Behaviour 80: 1005-
1013.

Gangestad, S. W., R. Thornhill and R. A. Yeo, 1994 Facial attractiveness, developmental
stability, and fluctuating asymmetry. Ethology and Sociobiology 15: 73-85.

Gasson, J. C., 1991 Molecular physiology of granulocyte-macrophage colony-stimulating
factor. Blood 77: 1131-1145.

Gautam, S., J. M. Tebo and T. A. Hamilton, 1992 IL-4 suppresses cytokine gene
expression induced by IFN-gamma and/or IL-2 in murine peritoneal macrophages.
The Journal of Immunology 148: 1725-1730.

Go, N. F., B. E. Castle, R. Barrett, R. Kastelein, W. Dang et al., 1990 Interleukin 10, a
novel B cell stimulatory factor: unresponsiveness of X chromosome-linked
immunodeficiency B cells. J Exp Med 172: 1625-1631.

Gonzales, J. R., S. Groger, G. Haley, R.-H. Bédeker and J. Meyle, 2010 The interleukin-4
-34TT and -590TT genotype is correlated with increased expression and protein
production in aggressive periodontitis. Molecular Immunology 47: 701-705.

Gottumukkal, R., and V. K. Asari, 2004 An improved face recognition technique based on
modular PCA approach. Pattern Recognition Letters 25: 429-436.

Gray, A. W., and L. G. Boothroyd, 2012 Female Facial Appearance and Health.
Evolutionary Psychology 10: 147470491201000108.

64| Page



Grossman, C. J., 1985 Interactions between the gonadal steroids and the immune system.
Science 227: 257-262.

Hacking, D., J. C. Knight, K. Rockett, H. Brown, J. Frampton et al., 2004 Increased in vivo
transcription of an IL-8 haplotype associated with respiratory syncytial virus
disease-susceptibility. Genes Immun 5: 274-282.

Hamilton, J. A., 2008 Colony-stimulating factors in inflammation and autoimmunity. Nature
Reviews Immunology 8: 533-544.

Hamilton, W. D., and M. Zuk, 1982 Heritable true fithess and bright birds: a role for
parasites? Science 218: 384-387.

Hammond, P., 2007 The use of 3D face shape modelling in dysmorphology. Archives of
disease in childhood 92: 1120.

Hammond, P., C. Forster-Gibson, A. E. Chudley, J. E. Allanson, T. J. Hutton et al., 2008
Face-brain asymmetry in autism spectrum disorders. Mol Psychiatry 13: 614-623.

Hammond, P., T. J. Hutton, J. E. Allanson, L. E. Campbell, R. Hennekam et al., 2004 3D
analysis of facial morphology. American journal of medical genetics Part A 126:
339-348.

Hamzeh, N. Y., K. MacPhail, L. J. Silveira and L. Maier, 2011 Association of
polymorphisms in the IL-2 promoter and gene with sarcoidosis, pp. A4511-A4511 in
C40. HYPERSENSITIVITY PNEUMONITIS, SARCOID AND GRANULOMA
MODELS. Am Thoracic Soc.

Hanada, T., and A. Yoshimura, 2002 Regulation of cytokine signaling and inflammation.
Cytokine & growth factor reviews 13: 413-421.

Haralambieva, I. H., I. G. Ovsyannikova, R. B. Kennedy, R. A. Vierkant, V. S. Pankratz et
al., 2011 Associations between single nucleotide polymorphisms and haplotypes in
cytokine and cytokine receptor genes and immunity to measles vaccination.
Vaccine 29: 7883-7895.

Hassin, R., and Y. Trope, 2000 Facing faces: Studies on the cognitive aspects of
physiognomy. Journal of Personality and Social Psychology 78: 837-852.

Haukim, N., J. L. Bidwell, A. J. Smith, L. J. Keen, G. Gallagher et al., 2002 Cytokine gene
polymorphism in human disease: on-line databases, supplement 2. Genes Immun
3: 313-330.

Henderson, A. J., I. J. Holzleitner, S. N. Talamas and D. I. Perrett, 2016 Perception of
health from facial cues. Philosophical Transactions of the Royal Society of London

B: Biological Sciences 371.

65|Page



Henderson, A. J., J. Lasselin, M. Lekander, M. J. Olsson, S. J. Powis et al., 2017 Skin
colour changes during experimentally-induced sickness. Brain, Behavior, and
Immunity 60: 312-318.

Hennessy, R. J., P. A. Baldwin, D. J. Browne, A. Kinsella and J. L. Waddington, 2007
Three-Dimensional Laser Surface Imaging and Geometric Morphometrics Resolve
Frontonasal Dysmorphology in Schizophrenia. Biological Psychiatry 61: 1187-1194.

Hennessy, R. J., P. A. Baldwin, D. J. Browne, A. Kinsella and J. L. Waddington, 2010
Frontonasal dysmorphology in bipolar disorder by 3D laser surface imaging and
geometric morphometrics: comparisons with schizophrenia. Schizophr Res 122: 63-
71.

Henrich, J., S. J. Heine and A. Norenzayan, 2010 The weirdest people in the world?
Behavioral and Brain Sciences 33: 61-83.

Hirano, T., 1991 Interleukin 6 (IL-6) and its receptor: Their role in plasma cell neoplasias.
Stem Cells 9: 166-184.

Hochheiser, H., B. J. Aronow, K. Artinger, T. H. Beaty, J. F. Brinkley et al., 2011 The
FaceBase Consortium: a comprehensive program to facilitate craniofacial research.
Dev Biol 355: 175-182.

Hollegaard, M. V., and J. L. Bidwell, 2006 Cytokine gene polymorphism in human disease:
on-line databases, Supplement 3. Genes Immun 7: 269-276.

Hong, E. P., and J. W. Park, 2012 Sample Size and Statistical Power Calculation in
Genetic Association Studies. Genomics Inform 10: 117-122.

Hull, J., H. Ackerman, K. Isles, S. Usen, M. Pinder et al., 2001 Unusual haplotypic
structure of IL8, a susceptibility locus for a common respiratory virus. Am J Hum
Genet 69: 413-419.

Hume, D. K., and R. Montgomerie, 2001 Facial attractiveness signals different aspects of
“quality” in women and men. Evolution and Human Behavior 22: 93-112.

lizermans, J. N. M., and R. L. Marquet, 1989 Interferon-gamma: A Review. Immunobiology
179: 456-473.

International HapMap, C., D. M. Altshuler, R. A. Gibbs, L. Peltonen, D. M. Altshuler et al.,
2010 Integrating common and rare genetic variation in diverse human populations.
Nature 467: 52-58.

Jablonski, N. G., and G. Chaplin, 2000 The evolution of human skin coloration. J Hum Evol
39: 57-106.

66| Page



Joffe, Y. T., L. van der Merwe, J. Evans, M. Collins, E. V. Lambert et al., 2014 Interleukin-6
gene polymorphisms, dietary fat intake, obesity and serum lipid concentrations in
black and white South African women. Nutrients 6: 2436-2465.

Johannsdottir, B., F. Thorarinsson, A. Thordarson and T. E. Magnusson, 2005 Heritability
of craniofacial characteristics between parents and offspring estimated from lateral
cephalograms. American Journal of Orthodontics and Dentofacial Orthopedics 127:
200-207.

Johnson, E. J., 2002 The role of carotenoids in human health. Nutrition in clinical care : an
official publication of Tufts University 5: 56-65.

Johnson, J. M., 1998 Physical training and the control of skin blood flow. Medicine and
science in sports and exercise 30: 382-386.

Jokela, M., 2009 Physical attractiveness and reproductive success in humans: evidence
from the late 20th century United States. Evolution and Human Behavior 30: 342-
350.

Jones, B. C., A. C. Little, D. M. Burt and D. I. Perrett, 2004 When facial attractiveness is
only skin deep. Perception 33: 569-576.

Jones, B. C., A. C. Little, I. S. Penton-Voak, B. P. Tiddeman, D. M. Burt et al., 2001 Facial
symmetry and judgements of apparent health. Evolution and Human Behavior 22:
417-429.

Jorgensen, T. J., |. Ruczinski, B. Kessing, M. W. Smith, Y. Y. Shugart et al., 2009
Hypothesis-driven candidate gene association studies: practical design and
analytical considerations. Am J Epidemiol 170: 986-993.

Kalick, S. M., L. A. Zebrowitz, J. H. Langlois and R. M. Johnson, 1998 Does Human Facial
Attractiveness Honestly Advertise Health? Longitudinal Data on an Evolutionary
Question. Psychological Science 9: 8-13.

Kau, C. H., S. Richmond, A. Zhurov, M. Ovsenik, W. Tawfik et al., 2010 Use of 3-
dimensional surface acquisition to study facial morphology in 5 populations.
American Journal of Orthodontics and Dentofacial Orthopedics 137: S56. e51-S56.
e59.

Kayser, M., 2015 Forensic DNA phenotyping: predicting human appearance from crime
scene material for investigative purposes. Forensic Science International: Genetics
18: 33-48.

Kayser, M., and P. de Knijff, 2011 Improving human forensics through advances in

genetics, genomics and molecular biology. Nat Rev Genet 12: 179-192.

67| Page



Kim, K., S. K. Cho, A. Sestak, B. Namjou, C. Kang et al., 2010 Interferon-gamma gene
polymorphisms associated with susceptibility to systemic lupus erythematosus. Ann
Rheum Dis 69: 1247-1250.

Kirkpatrick, M., and M. J. Ryan, 1991 The evolution of mating preferences and the paradox
of the lek. Nature 350: 33.

Klein, J., and A. Sato, 2000 The HLA system. New England Journal of Medicine 343: 702-
709.

Kleisner, K., V. Chvatalova and J. Flegr, 2014 Perceived Intelligence Is Associated with
Measured Intelligence in Men but Not Women. PLoS ONE 9: e81237.

Kokko, H., R. Brooks, M. D. Jennions and J. Morley, 2003 The evolution of mate choice
and mating biases. Proc Biol Sci 270: 653-664.

Kopelman, P., 2007 Health risks associated with overweight and obesity. Obesity reviews
8: 13-17.

Kowner, R., 2001 Psychological perspective on human developmental stability and
fluctuating asymmetry: Sources, applications and implications. British Journal of
Psychology 92: 447-4609.

Kramer, R. S., and R. Ward, 2010 Internal facial features are signals of personality and
health. Q J Exp Psychol (Hove) 63: 2273-2287.

Kruszka, P., Y. A. Addissie, D. E. McGinn, A. R. Porras, E. Biggs et al., 2017 22q11.2
deletion syndrome in diverse populations. Am J Med Genet A 173: 879-888.
Kumar, A., and B. Ghosh, 2008 A single nucleotide polymorphism (A --> G) in intron 3 of

IFNgamma gene is associated with asthma. Genes Immun 9: 294-301.

Langlois, J. H., L. Kalakanis, A. J. Rubenstein, A. Larson, M. Hallam et al., 2000 Maxims
or myths of beauty? A meta-analytic and theoretical review. Psychological Bulletin
126: 390-423.

Langlois, J. H., and L. A. Roggman, 1990 Attractive Faces Are Only Average.
Psychological Science 1: 115-121.

Leary, R. F., and F. W. Allendorf, 1989 Fluctuating asymmetry as an indicator of stress:
implications for conservation biology. Trends in Ecology & Evolution 4: 214-217.

Leng, R. X., H. F. Pan, J. Liu, X. K. Yang, C. Zhang et al., 2016 Evidence for genetic
association of TBX21 and IFNG with systemic lupus erythematosus in a Chinese
Han population. Sci Rep 6: 22081.

Levine, J. A., A. Ray and M. D. Jensen, 1998 Relation between chubby cheeks and
visceral fat. New England Journal of Medicine 339: 1946-1947.

68| Page



Lie, H. C., G. Rhodes and L. W. Simmons, 2008 Genetic diversity revealed in human
faces. Evolution 62: 2473-2486.

Lie, H. C., L. W. Simmons and G. Rhodes, 2010 Genetic dissimilarity, genetic diversity,
and mate preferences in humans. Evolution and Human Behavior 31: 48-58.
Lipson, S. F., and P. T. Ellison, 1996 EndocrinologyComparison of salivary steroid profiles
in naturally occurring conception and non-conception cycles. Human Reproduction

11: 2090-2096.

Little, A. C., R. P. Burriss, B. C. Jones and S. C. Roberts, 2007a Facial appearance affects
voting decisions. Evolution and Human Behavior 28: 18-27.

Little, A. C., D. M. Burt and D. I. Perrett, 2006 Assortative mating for perceived facial
personality traits. Personality and Individual Differences 40: 973-984.

Little, A. C., B. C. Jones and L. M. DeBruine, 2011 Facial attractiveness: evolutionary
based research. Philos Trans R Soc Lond B Biol Sci 366: 1638-1659.

Little, A. C., B. C. Jones, I. S. Penton-Voak, D. M. Burt and D. I. Perrett, 2002 Partnership
status and the temporal context of relationships influence human female
preferences for sexual dimorphism in male face shape. Proceedings of the Royal
Society of London B: Biological Sciences 269: 1095-1100.

Little, A. C., and D. I. Perrett, 2007b Using composite images to assess accuracy in
personality attribution to faces. British Journal of Psychology 98: 111-126.

Little, A. C., and C. S. Roberts, 2012 Evolution, appearance, and occupational success.
Evol Psychol 10: 782-801.

Liu, F., F. van der Lijn, C. Schurmann, G. Zhu, M. M. Chakravarty et al., 2012 A genome-
wide association study identifies five loci influencing facial morphology in
Europeans. PLoS Genet 8: €1002932.

Lucassen, W., G. Geersing, P. G. Erkens and et al., 2011 Clinical decision rules for
excluding pulmonary embolism: A meta-analysis. Annals of Internal Medicine 155:
448-460.

Lumaka, A., N. Cosemans, A. Lulebo Mampasi, G. Mubungu, N. Mvuama et al., 2017
Facial dysmorphism is influenced by ethnic background of the patient and of the
evaluator. Clinical genetics.

Luster, A. D., 1998 Chemokines—chemotactic cytokines that mediate inflammation. New
England Journal of Medicine 338: 436-445.

Lyon, C. J., R. E. Law and W. A. Hsueh, 2003 Minireview: adiposity, inflammation, and
atherogenesis. Endocrinology 144: 2195-2200.

69| Page



Mantovani, A., M. A. Cassatella, C. Costantini and S. Jaillon, 2011 Neutrophils in the
activation and regulation of innate and adaptive immunity. Nat Rev Immunol 11:
519-531.

Mantovani, A., and E. Dejana, 1989 Cytokines as communication signals between
leukocytes and endothelial cells. Immunology today 10: 370-375.

Matts, P. J., B. Fink, K. Grammer and M. Burquest, 2007 Color homogeneity and visual
perception of age, health, and attractiveness of female facial skin. Journal of the
American Academy of Dermatology 57: 977-984.

Meeker, J. D., L. Godfrey-Bailey and R. Hauser, 2007 Relationships between serum
hormone levels and semen quality among men from an infertility clinic. Journal of
andrology 28: 397-406.

Metcalf, D., 1986 The molecular biology and functions of the granulocyte-macrophage
colony-stimulating factors. Blood 67: 257-267.

Mingari, M. C., F. Gerosa, G. Carra, R. Accolla, A. Moretta et al., 1984 Human interleukin-
2 promotes proliferation of activated B cells via surface receptors similar to those of
activated T cells.

Mgiller, A., and M. Jennions, 2001 How important are direct fithess benefits of sexual
selection? Naturwissenschaften 88: 401-415.

Mgiller, A., and R. Thornhill, 1997 A meta-analysis of the heritability of developmental
stability. Journal of Evolutionary Biology 10: 1-16.

Mgller, A. P., and J. P. Swaddle, 1997 Asymmetry, developmental stability, and evolution.
Oxford University Press, Oxford ;.

Moller, A. P., and R. Thornhill, 1998 Bilateral symmetry and sexual selection: a meta-
analysis. Am Nat 151: 174-192.

Mora, S., and J. E. Pessin, 2002 An adipocentric view of signaling and intracellular
trafficking. Diabetes Metab Res Rev 18: 345-356.

Morgan, D. A., F. W. Ruscetti and R. Gallo, 1976 Selective in vitro growth of T
lymphocytes from normal human bone marrows. Science 193: 1007-1008.

Morris, J. C., and T. A. Waldmann, 2000 Advances in interleukin 2 receptor targeted
treatment. Annals of the Rheumatic Diseases 59: i109-i114.

Mulligan, M. S., R. L. Warner, J. E. McDuffie, S. F. Bolling, J. V. Sarma et al., 2000
Regulatory role of Th-2 cytokines, IL-10 and IL-4, in cardiac allograft rejection.

Experimental and molecular pathology 69: 1-9.

70| Page



Mungall, A. J., S. A. Palmer, S. K. Sims, C. A. Edwards, J. L. Ashurst et al., 2003 The DNA
sequence and analysis of human chromosome 6. Nature 425: 805 — 811.

Mutsvangwa, T. E., E. M. Meintjes, D. L. Viljoen and T. S. Douglas, 2010 Morphometric
analysis and classification of the facial phenotype associated with fetal alcohol
syndrome in 5-and 12-year-old children. American Journal of Medical Genetics Part
A 152: 32-41.

Nakashima, H., K. Miyake, Y. Inoue, S. Shimizu, M. Akahoshi et al., 2002 Association
between IL-4 genotype and IL-4 production in the Japanese population. Genes
Immun 3: 107-1009.

Nunnally, J. C., 1967 Psychometric theory.

Organization, W. H., 2000 Obesity: preventing and managing the global epidemic. World
Health Organization.

Paiardini, M., D. Galati, B. Cervasi, G. Cannavo, L. Galluzzi et al., 2001 Exogenous
interleukin-2 administration corrects the cell cycle perturbation of lymphocytes from
human immunodeficiency virus-infected individuals. J Virol 75: 10843-10855.

Parkin, J., and B. Cohen, 2001 An overview of the immune system. The Lancet 357: 1777-
1789.

Parronchi, P., M. De Carli, R. Manetti, C. Simonelli, S. Sampognaro et al., 1992 IL-4 and
IFN (alpha and gamma) exert opposite regulatory effects on the development of
cytolytic potential by Thl or Th2 human T cell clones. The Journal of Immunology
149: 2977-2983.

Paternoster, L., A. I. Zhurov, A. M. Toma, J. P. Kemp, B. St Pourcain et al., 2012 Genome-
wide association study of three-dimensional facial morphology identifies a variant in
PAX3 associated with nasion position. Am J Hum Genet 90: 478-485.

Pearson, T. A., and T. A. Manolio, 2008 How to interpret a genome-wide association
study. Jama 299: 1335-1344.

Peixe, R. G., M. S. Boechat, A. L. Rangel, R. F. Rosa, M. L. Petzl-Erler et al., 2014 Single
nucleotide polymorphisms in the interferon gamma gene are associated with distinct
types of retinochoroidal scar lesions presumably caused by Toxoplasma gondii
infection. Mem Inst Oswaldo Cruz 109: 99-107.

Peng, Q., J. Li, J. Tan, Y. Yang, M. Zhang et al., 2016 EDARV370A associated facial
characteristics in Uyghur population revealing further pleiotropic effects. Hum Genet
135: 99-108.

71| Page



Peng, S., J. Tan, S. Hu, H. Zhou, J. Guo et al., 2013 Detecting genetic association of
common human facial morphological variation using high density 3D image
registration. PLoS Comput Biol 9: e1003375.

Penn, D. J., K. Damjanovich and W. K. Potts, 2002 MHC heterozygosity confers a
selective advantage against multiple-strain infections. Proceedings of the National
Academy of Sciences 99: 11260-11264.

Penton-Voak, I. S., and J. Y. Chen, 2004 High salivary testosterone is linked to masculine
male facial appearance in humans. Evolution and Human Behavior 25: 229-241.

Penton-Voak, I. S., Jacobson, A., & Trivers, R. (2004). Populational differences in 451
attractiveness judgments of male and female faces: Comparing British and 452
Jamaican samples. Evolution And Human Behavior, 25(6), 355-370

Penton-Voak, I. S., N. Pound, A. C. Little and D. I. Perrett, 2006 Personality Judgments
from Natural and Composite Facial Images: More Evidence For A “Kernel Of Truth”
In Social Perception. Social Cognition 24: 607-640.

Pentonvoak, I., S. Cabhill, N. Pound, V. Kempe, S. Schaeffler et al., 2007 Male facial
attractiveness, perceived personality, and child-directed speech. Evolution and
Human Behavior 28: 253-259.

Perrett, D. I., K. J. Lee, I. Penton-Voak, D. Rowland, S. Yoshikawa et al., 1998 Effects of
sexual dimorphism on facial attractiveness. Nature 394: 884-887.

Peters, M., G. Rhodes and L. W. Simmons, 2008 Does attractiveness in men provide
clues to semen quality? J Evol Biol 21: 572-579.

Phalane, K. G., C. Tribe, H. C. Steel, M. C. Cholo and V. Coetzee, 2017 Facial
appearance reveals immunity in African men. Sci Rep 7: 7443.

Plata-Salaman, C. R., and J. P. Borkoski, 1993 Interleukin-8 modulates feeding by direct
action in the central nervous system. Am J Physiol 265: R877-882.

Poh, M.-Z., D. McDuff and R. Picard, 2011 A medical mirror for non-contact health
monitoring, pp. 2 in ACM SIGGRAPH 2011 Emerging Technologies. ACM.

Poland, G. A., I. G. Ovsyannikova, R. M. Jacobson and D. I. Smith, 2007 Heterogeneity in
vaccine immune response: the role of immunogenetics and the emerging field of
vaccinomics. Clin Pharmacol Ther 82: 653-664.

Pound, N., D. W. Lawson, A. M. Toma, S. Richmond, A. |. Zhurov et al., 2014 Facial
fluctuating asymmetry is not associated with childhood ill-health in a large British
cohort study. Proc Biol Sci 281.

72| Page



Qiao, L., Y. Yang, P. Fu, S. Hu, H. Zhou et al., 2016 Detecting Genome-wide Variants of
Eurasian Facial Shape Differentiation: DNA based Face Prediction Tested in
Forensic Scenario. bioRxiv: 062950.

Qu, J., Y. Li, W. Zhong, P. Gao and C. Hu, 2017 Recent developments in the role of
reactive oxygen species in allergic asthma. J Thorac Dis 9: E32-E43.

Racke, M. K., D. Burnett, S. H. Pak, P. S. Albert, B. Cannella et al., 1995 Retinoid
treatment of experimental allergic encephalomyelitis. IL-4 production correlates with
improved disease course. The Journal of Immunology 154: 450-458.

Rantala, M. J., V. Coetzee, F. R. Moore, I. Skrinda, S. Kecko et al., 2013a Adiposity,
compared with masculinity, serves as a more valid cue to immunocompetence in
human mate choice. Proc Biol Sci 280: 20122495.

Rantala, M. J., V. Coetzee, F. R. Moore, |. Skrinda, S. Kecko et al., 2013b Facial
attractiveness is related to women9s cortisol and body fat, but not with immune
responsiveness. Biology letters 9: 20130255.

Re, D. E., and N. O. Rule, 2016 About Face. Current Directions in Psychological Science
25: 65-69.

Reither, E. N., R. M. Hauser and K. C. Swallen, 2009 Predicting adult health and mortality
from adolescent facial characteristics in yearbook photographs. Demography 46:
27-41.

Rhodes, G., 2006 The evolutionary psychology of facial beauty. Annu Rev Psychol 57:
199-226.

Rhodes, G., J. Chan, L. A. Zebrowitz and L. W. Simmons, 2003 Does sexual dimorphism
in human faces signal health? Proc Biol Sci 270 Suppl 1: S93-95.

Rhodes, G., F. Proffitt, J. M. Grady and A. Sumich, 1998 Facial symmetry and the
perception of beauty. Psychonomic Bulletin & Review 5: 659-669.

Rhodes, G., S. Yoshikawa, R. Palermo, L. W. Simmons, M. Peters et al., 2007 Perceived
health contributes to the attractiveness of facial symmetry, averageness, and sexual
dimorphism. Perception 36: 1244-1252.

Rhodes, G., L. A. Zebrowitz, A. Clark, S. M. Kalick, A. Hightower et al., 2001 Do facial
averageness and symmetry signal health? Evolution and Human Behavior 22: 31-
46.

Ritz, B. W., and E. M. Gardner, 2006 Malnutrition and energy restriction differentially affect
viral immunity. J Nutr 136: 1141-1144.

73| Page



Roberts, S. C., A. C. Little, L. M. Gosling, D. I. Perrett, V. Carter et al., 2005 MHC-
heterozygosity and human facial attractiveness. Evolution and Human Behavior 26:
213-226.

Rohrbach, M., U. Frey, R. Kraemer and S. Liechti-Gallati, 1999 A variant in the gene for
GM-CSF, 1117T, is associated with atopic asthma in a Swiss population of
asthmatic children. Journal of allergy and clinical immunology 104: 247-248.

Romagnani, S., 1999 Th1/Th2 cells. Inflammatory bowel diseases 5: 285-294.

Rosenwasser, L. J., and L. Borish, 1997 Genetics of atopy and asthma: the rationale
behind promoter-based candidate gene studies (IL-4 and IL-10). American journal
of respiratory and critical care medicine 156: S152-S155.

Sadlack, B., H. Merz, H. Schorle, A. Schimpl, A. C. Feller et al., 1993 Ulcerative colitis-like
disease in mice with a disrupted interleukin-2 gene. Cell 75: 253-261.

Sahiner, U. M., E. Birben, S. Erzurum, C. Sackesen and O. Kalayci, 2011 Oxidative Stress
in Asthma. The World Allergy Organization journal 4: 151-158.

Said, C. P., J. V. Haxby and A. Todorov, 2011 Brain systems for assessing the affective
value of faces. Philos Trans R Soc Lond B Biol Sci 366: 1660-1670.

Samuel, C. E., 2001 Antiviral actions of interferons. Clinical microbiology reviews 14: 778-
809.

Samuels, C. A., G. Butterworth, T. Roberts, L. Graupner and G. Hole, 1994 Facial
aesthetics: babies prefer attractiveness to symmetry. Perception 23: 823-831.

Schell, L. M., M. V. Gallo and J. Ravenscroft, 2009 Environmental influences on human
growth and development: historical review and case study of contemporary
influences. Annals of human biology 36: 459-477.

Schneider, T. M., H. Hecht, J. Stevanov and C.-C. Carbon, 2013 Cross-ethnic assessment
of body weight and height on the basis of faces. Personality and Individual
Differences 55: 356-360.

Scott, I., V. Swami, S. C. Josephson and I. S. Penton-Voak, 2008 Context-dependent
preferences for facial dimorphism in a rural Malaysian population. Evolution and
Human Behavior 29: 289-296.

Sehra, S., Y. Yao, M. D. Howell, E. T. Nguyen, G. S. Kansas et al., 2010 IL-4 regulates
skin homeostasis and the predisposition toward allergic skin inflammation. J
Immunol 184: 3186-3190.

74| Page



Sell, A., L. Cosmides, J. Tooby, D. Sznycer, C. von Rueden et al., 2009 Human
adaptations for the visual assessment of strength and fighting ability from the body
and face. Proc Biol Sci 276: 575-584.

Shackelford, T. K., and R. J. Larsen, 1997 Facial asymmetry as an indicator of
psychological, emotional, and physiological distress. Journal of personality and
social psychology 72: 456.

Shaffer, J. R., E. Orlova, M. K. Lee, E. J. Leslie, Z. D. Raffensperger et al., 2016 Genome-
Wide Association Study Reveals Multiple Loci Influencing Normal Human Facial
Morphology. PLoS Genet 12: €e1006149.

Sham, P. C., and S. M. Purcell, 2014 Statistical power and significance testing in large-
scale genetic studies. Nat Rev Genet 15: 335-346.

Sharma, S., A. Poon, B. E. Himes, J. Lasky-Su, J. E. Sordillo et al., 2012 Association of
variants in innate immune genes with asthma and eczema. Pediatr Allergy Immunol
23: 315-323.

Shen, C., W.-W. Jiao, W.-X. Feng, X.-R. Wu, J. Xiao et al., 2013 IFNG polymorphisms are
associated with tuberculosis in Han Chinese pediatric female population. Molecular
biology reports 40: 5477-5482.

Shi, Y., C. H. Liu, A. I. Roberts, J. Das, G. Xu et al., 2006 Granulocyte-macrophage
colony-stimulating factor (GM-CSF) and T-cell responses: what we do and don't
know. Cell research 16: 126.

Shirakawa, T., K. A. Deichmann, K. lIzuhara, X.-Q. Mao, C. N. Adra et al., 2000 Atopy and
asthma: genetic variants of IL-4 and IL-13 signalling. Immunology Today 21: 60-64.

Sieling, P. A., J. S. Abrams, M. Yamamura, P. Salgame, B. Bloom et al., 1993
Immunosuppressive roles for IL-10 and IL-4 in human infection. In vitro modulation
of T cell responses in leprosy. The Journal of Immunology 150: 5501-5510.

Slade, G. D., M. S. Conrad, L. Diatchenko, N. U. Rashid, S. Zhong et al., 2011 Cytokine
biomarkers and chronic pain: association of genes, transcription, and circulating
proteins with temporomandibular disorders and widespread palpation tenderness.
Pain 152: 2802-2812.

Slater, A., C. Von der Schulenburg, E. Brown, M. Badenoch, G. Butterworth et al., 1998
Newborn infants prefer attractive faces. Infant Behavior and Development 21: 345-
354,

Slattery, M. L., J. S. Herrick, G. Torres-Mejia, E. M. John, A. R. Giuliano et al., 2014

Genetic variants in interleukin genes are associated with breast cancer risk and

75| Page



survival in a genetically admixed population: the Breast Cancer Health Disparities
Study. Carcinogenesis 35: 1750-1759.

Smith, A. J., F. D'Aiuto, J. Palmen, J. A. Cooper, J. Samuel et al., 2008 Association of
serum interleukin-6 concentration with a functional IL6 -6331T>C polymorphism.
Clin Chem 54: 841-850.

Smith, A. J., and S. E. Humphries, 2009 Cytokine and cytokine receptor gene
polymorphisms and their functionality. Cytokine Growth Factor Rev 20: 43-59.

Smith, F. G., B. C. Jones, L. M. DeBruine and A. C. Little, 2009 Interactions between
masculinity—femininity and apparent health in face preferences. Behavioral Ecology
20: 441-445.

Smith, M. J., D. |. Perrett, B. C. Jones, R. E. Cornwell, F. R. Moore et al., 2006 Facial
appearance is a cue to oestrogen levels in women. Proc Biol Sci 273: 135-140.

Smolnikova, M. V., S. V. Smirnova, M. B. Freidin and O. S. Tyutina, 2013 Immunological
parameters and gene polymorphisms (C-590T IL4, C-597A IL10) in severe
bronchial asthma in children from the Krasnoyarsk region, West Siberia. Int J
Circumpolar Health 72.

Snapper, C. M., C. Peschel and W. E. Paul, 1988 IFN-gamma stimulates lgG2a secretion
by murine B cells stimulated with bacterial lipopolysaccharide. The Journal of
Immunology 140: 2121-2127.

Sporer, S. L., 2001 Recognizing faces of other ethnic groups: An integration of theories.
Psychology, Public Policy, and Law 7: 36.

Spurlock, M., 1997 Regulation of metabolism and growth during immune challenge: an
overview of cytokine function. Journal of Animal Science 75: 1773-1783.

Stahl, W., and H. Sies, 2005 Bioactivity and protective effects of natural carotenoids.
Biochim Biophys Acta 1740: 101-107.

Stappers, M. H., Y. Thys, M. Oosting, T. S. Plantinga, M. loana et al., 2014
Polymorphisms in cytokine genes IL6, TNF, IL10, IL17A and IFNG influence
susceptibility to complicated skin and skin structure infections. Eur J Clin Microbiol
Infect Dis 33: 2267-2274.

Steinke, J. W., E. Barekzi, J. Hagman and L. Borish, 2004 Functional Analysis of -571 IL-
10 Promoter Polymorphism Reveals a Repressor Element Controlled by Spl. The
Journal of Immunology 173: 3215-3222.

Stephen, I. D., V. Coetzee, M. Law Smith and D. I. Perrett, 2009a Skin blood perfusion

and oxygenation colour affect perceived human health. PLoS One 4: e5083.

76| Page



Stephen, I. D., V. Coetzee and D. I. Perrett, 2011 Carotenoid and melanin pigment
coloration affect perceived human health. Evolution and Human Behavior 32: 216-
227.

Stephen, I. D., M. J. Law Smith, M. R. Stirrat and D. I. Perrett, 2009b Facial Skin
Coloration Affects Perceived Health of Human Faces. Int J Primatol 30: 845-857.

Stewart, D. R., J. W. Overstreet, S. T. Nakajima and B. L. Lasley, 1993 Enhanced ovarian
steroid secretion before implantation in early human pregnancy. The Journal of
Clinical Endocrinology & Metabolism 76: 1470-1476.

Suarez, A., P. Castro, R. Alonso, L. Mozo and C. Gutierrez, 2003 Interindividual variations
in constitutive interleukin-10 messenger RNA and protein levels and their
association with genetic polymorphisms. Transplantation 75: 711-717.

Suri, M., 2005 Craniofacial syndromes. Seminars in Fetal and Neonatal Medicine 10: 243-
257.

Suto, R., and P. K. Srivastava, 1995 A mechanism for the specific inmunogenicity of heat
shock protein-chaperoned peptides. Science 269: 1585.

Swain, S. L., A. D. Weinberg, M. English and G. Huston, 1990 IL-4 directs the
development of Th2-like helper effectors. The Journal of Immunology 145: 3796-
3806.

Talamas, S. N., K. I. Mavor and D. I. Perrett, 2016 Blinded by Beauty: Attractiveness Bias
and Accurate Perceptions of Academic Performance. PLoS One 11: e0148284.

Talbert, L., C. H. Kau, T. Christou, C. Vlachos and N. Souccar, 2014 A 3D analysis of
Caucasian and African American facial morphologies in a US population. J Orthod
41: 19-29.

Tan, K. W., B. A. Graf, S. R. Mitra and I. D. Stephen, 2017 Impact of fresh fruit smoothie
consumption on apparent health of Asian faces. Evolution and Human Behavior.

Taylor, S. C., 2002 Skin of color: Biology, structure, function, and implications for
dermatologic disease. Journal of the American Academy of Dermatology 46: S41-
S62.

Thomson, A. W., and M. T. Lotze, 2003 The cytokine handbook, pp. Academic Press,
Amsterdam ;.

Thornhill, R., and S. W. Gangestad, 1993 Human facial beauty. Human Nature 4: 237-269.

Thornhill, R., and S. W. Gangestad, 1999 Facial attractiveness. Trends in Cognitive
Sciences 3: 452-460.

77| Page



Thornhill, R., and S. W. Gangestad, 2006 Facial sexual dimorphism, developmental
stability, and susceptibility to disease in men and women. Evolution and Human
Behavior 27: 131-144.

Thornhill, R., and A. P. Mgller, 2007 Developmental Stability, Disease and Medicine.
Biological Reviews 72: 497-548.

Tiddeman, B., and D. Perrett, 2001 Moving facial image transformations based on static
2D prototypes.

Tinlin, R. M., C. D. Watkins, L. L. Welling, L. M. DeBruine, E. A. Al-Dujaili et al., 2013
Perceived facial adiposity conveys information about women's health. Br J Psychol
104: 235-248.

Todendi, P. F., E. I. Klinger, M. B. Ferreira, C. P. Reuter, M. S. Burgos et al., 2015
Association of IL-6 and CRP gene polymorphisms with obesity and metabolic
disorders in children and adolescents. Anais da Academia Brasileira de Ciéncias
87: 915-924.

Tuncbilek, S., 2014 Relationship between cytokine gene polymorphisms and chronic
hepatitis B virus infection. World J Gastroenterol 20: 6226-6235.

Turner, D. M., D. M. Williams, D. Sankaran, M. Lazarus, P. J. Sinnott et al., 1997 An
investigation of polymorphism in the interleukin-10 gene promoter. European journal
of immunogenetics : official journal of the British Society for Histocompatibility and
Immunogenetics 24: 1-8.

van der Horst-Graat, J. M., F. J. Kok and E. G. Schouten, 2007 Plasma carotenoid
concentrations in relation to acute respiratory infections in elderly people. British
Journal of Nutrition 92: 113-118.

Van Dongen, S., and S. W. Gangestad, 2011 Human fluctuating asymmetry in relation to
health and quality: a meta-analysis. Evolution and Human Behavior 32: 380-398.

Van Valen, L., 1962 A Study of Fluctuating Asymmetry. Evolution 16: 125-142.

Vil¢ek, J., 2003 CHAPTER 1 - The cytokines: an overview A2 - Thomson, Angus W, pp. 3-
18 in The Cytokine Handbook (Fourth Edition), edited by M. T. Lotze. Academic
Press, London.

Visser, M., L. M. Bouter, G. M. McQuillan, M. H. Wener and T. B. Harris, 1999 Elevated c-
reactive protein levels in overweight and obese adults. JAMA 282: 2131-2135.

Waldmann, T. A., and J. O'Shea, 1998 The use of antibodies against the IL-2 receptor in

transplantation. Current Opinion in Immunology 10: 507-512.

78| Page



Weinberg, S. M., T. E. Parsons, M. L. Marazita and B. S. Maher, 2013 Heritability of Face
Shape in Twins: A Preliminary Study using 3D Stereophotogrammetry and
Geometric Morphometrics. Dent 3000 1.

Whitehead, R. D., D. Re, D. Xiao, G. Ozakinci and D. I. Perrett, 2012 You are what you
eat: Within-subject increases in fruit and vegetable consumption confer beneficial
skin-color changes. PloS one 7: €32988.

Wilder, R. L., 1995 Neuroendocrine-immune system interactions and autoimmunity.
Annual review of immunology 13: 307-338.

Wilkening, S., B. Chen, J. L. Bermejo and F. Canzian, 2009 Is there still a need for
candidate gene approaches in the era of genome-wide association studies?
Genomics 93: 415-419.

Wilkie, A. O. M., and G. M. Morriss-Kay, 2001 Genetics of craniofacial development and
malformation. Nat Rev Genet 2: 458-468.

Willis, J., and A. Todorov, 2006 First impressions: making up your mind after a 100-ms
exposure to a face. Psychol Sci 17: 592-598.

Yang, X.-D., J. Corvalan, P. Wang, C. Roy and C. G. Davis, 1999 Fully human anti-
interleukin-8 monoclonal antibodies: potential therapeutics for the treatment of
inflammatory disease states. Journal of Leukocyte Biology 66: 401-410.

Zaidel, D. W., S. M. Aarde and K. Baig, 2005 Appearance of symmetry, beauty, and health
in human faces. Brain Cogn 57: 261-263.

Zebrowitz, L. A., J. A. Hall, N. A. Murphy and G. Rhodes, 2002 Looking smart and looking
good: Facial cues to intelligence and their origins. Personality and Social
Psychology Bulletin 28: 238-249.

Zebrowitz, L. A., and G. Rhodes, 2004 Sensitivity to “Bad Genes” and the Anomalous
Face Overgeneralization Effect: Cue Validity, Cue Utilization, and Accuracy in
Judging Intelligence and Health. Journal of Nonverbal Behavior 28: 167-185.

Zebrowitz, L. A., R. Wang, P. M. Bronstad, D. Eisenberg, E. Undurraga et al., 2011 First
Impressions From Faces Among U.S. and Culturally Isolated Tsimane’ People in
the Bolivian Rainforest. Journal of Cross-Cultural Psychology 43: 119-134.

Zhang, N., Y. Xu, B. Zhang, T. Zhang, H. Yang et al., 2014 Analysis of interleukin-8 gene
variants reveals their relative importance as genetic susceptibility factors for chronic

periodontitis in the Han population. PLoS One 9: €104436.

79| Page



