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Many mammalian species establish enduring social bonds that serve to promote group 

and infant survival. A critical component in the establishment and maintenance of 

such bonds is affective conditioning, whereby initially neutral features of another 

individual become conditioned stimuli (CSs) by being paired with a rewarding 

unconditioned stimulus (US), such as sex and food. What is also a crucial component 

in the development of social bonds is soft tactile stimulation. But whether soft touch 

has rewarding properties that serve as a US, and thereby contribute directly to 

affective conditioning to social stimuli, is not known. Moreover, which neural 

mediators are activated by soft touch is also uncertain, though research has 

demonstrated activated release of opioids (OP) and oxytocin (OT), two neuropeptides 

that to contribute to affiliative behavior and reproduction in mammals, including 

primates. Accordingly, this study explored these questions by assessing whether (i) 

soft touch serves as a rewarding US in affective conditioning, and (ii) genetic variation 

in mu-opioid receptor (MOR) and oxytocin receptor (OTR) functioning mediates 

variation in affective conditioning. Sixty-eight young adult females viewed 



 

emotionally-neutral male and female human faces while being brushed by an 

experimenter on the medial forearm, a well-established procedure that activates the C-

fibers that transmit soft tactile stimulation to neural structures that create a pleasant 

subjective state in humans. The participants were subsequently genotyped for variants 

of MOR and OT receptor genes. Results demonstrated that (i) soft touch supported 

robust affective conditioning in as much as a single CS-US pairing, (ii) this associative 

process manifested a clear developmental pattern that is a hallmark of conditioning, 

and (iii) genetic variation in the MOR receptor gene (OPRM1) significantly modulated 

the strength and developmental pattern of affective conditioning, whereas variation in 

the OT receptor gene (OXTR) had no such effect. Thus, soft touch provided the 

rewarding properties of a US that support affective conditioning and which are 

mediated by the MOR system. The neural pathways through which MORs mediate 

soft touch-induced pleasant, rewarding effects are outlined, and the multifaceted 

affective and sensory nature of soft tactile stimulation is discussed in relation to 

affective conditioning. 
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CHAPTER 1 

 

INTRODUCTION 

Expansion of Social Bonding in Nonhuman Primates and Humans  

As humans and other primates developed social group living, they also 

developed various means to meet the requirement of maintaining their complex social 

system. One significant means is the expansion of social bonding (2010; Dunbar & 

Shultz, 2007). In most other mammals and birds, social bonding is limited to only 

reproductive relationships, such as mother-offspring bonding and pair bonding. In 

primates, however, social bonding is extended to group members that are not 

reproductively related. Nonkin members in primate social groups can form enduring 

relationships with frequent affiliative interactions, such as proximity, grooming, 

coordinated vocal exchanges, embraces, sitting in contact, greetings, coalitions, 

reconciliation, and behavioral synchronization (Dunbar & Shultz, 2010; Silk, 2002). 

The underlying emotional affiliation is more clearly reflected in human friendship, an 

intimate, supportive, and egalitarian relationship with important affiliative 

components, including companionship, trust, loyalty, commitment, affection, 

acceptance, sympathy, and concern for the other’s welfare (Silk, 2002). These 

behavioral and emotional features of friendship closely resemble features that are 

characteristic in mother-offspring and romantic love (Bartels & Zeki, 2004; Dunbar & 

Shultz, 2010).  

Such expansion of social bonding may even be the evolutionary drive for the 

enlargement of brain size in primates (Dunbar, 2010; Dunbar & Shultz, 2007). In their 
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Social Brain Hypothesis, Dunbar and Shultz (2007) suggested that brain enlargement 

was initially caused by the demands of pairbonding: in most other mammalian taxa 

and birds, large brain size is associated with pairbonded monogamy. They further 

argued that, during evolution, anthropoid primates generalized the pair bonding 

relationship to create intense and focused relationships between individuals who are 

not reproductive partners. With this expansion of bondedness, the number of possible 

relationships is limited only by the number of animals in a social group. Thus, in 

contrast to all other mammalian and avian taxa, anthropoid primates exhibit a unique 

correlation between social group size and brain size (see Figure 1). 

 

Figure. 1. In anthropoid primates, mean social group size increases with relative neocortex 
volume (indexed as the ratio of neocortex volume to the volume of the rest of the brain). Solid 
circles, monkeys; open circles, apes. Regression lines are reduced major axis fits. Adapted 
from Dunbar (2010). 

  

Along with the evolutionary expansion of social bonding to non-reproductive 

group members, reproductive relationships were also extended in human and 
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nonhuman primates. Maternal care is prolonged and is maintained independently from 

the hormonal control associated with parturition and lactation, because enlarged brain 

size requires an extended period of postnatal brain development well beyond these 

stages. Similarly, sexual behavior was no longer restricted by estrus, but rather served 

to promote non-reproductive sexual bonding (Curley & Keverne, 2005; Stanford, 

1998; Wrangham, 1993). The emancipation of maternal and pairbond behaviors from 

hormonal determinants that are linked to biological life events, such as mating, 

pregnancy, parturition, and lactation, made it possible for prolonged bonds between 

mother and offspring and between reproductive partners (Dunbar & Shultz, 2010). In 

addition, it also brings flexibility in these relationships to a much-extended level. For 

instance, in primates and humans, females often show great interest to infants and can 

provide care for them, independent of their own childbearing history and their kinship 

with the infant in care (Curley & Keverne, 2005; Silk, 2002). And sexual activity 

without a purpose of mating greatly enriched the function of sex (Stanford, 1998; 

Wrangham, 1993) and the process of pair bonding (Gueguen & Fischer-Lokou, 2003).   

Social Bonding Depends on Touch 

Together, the expansion of social bonding and the emancipation of bonding 

behaviors from hormonal control call for mechanisms that sustain social bonds 

through group interactions. The most effective and critical stimulus in the formation of 

mammalian pair and maternal-infant bonds is tactile stimulation (Dunbar, 2010; 

Keverne, Nevison, & Martel, 1997; Fleming, Korsmit, & Deller, 1994; Fleming, 

O'Day, & Kraemer, 1999). In many primate species, the essential role of tactile 

stimulation in reinforcing affiliation and bonding among group members is uniquely 
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illustrated in the form of social grooming (Dunbar, 2010). Nonhuman primates devote 

up to 20% of their waking activity to social grooming, which is well beyond the 1% 

necessary for hygienic purposes. Grooming partners tend to be consistent and 

persistent through time and relationships established by social grooming have life-long 

consequences for individuals, such as alliance and infant survival. Importantly, social 

grooming correlates strongly with social group size, suggesting that it is an essential 

mechanism for maintaining group cohesion. Not surprisingly, primate females 

typically form a grooming relationship with their infants (Curley, 2011), and grooming 

is commonly observed in monogamous primate pairs (Palombit, 1996; Poyas & 

Bartlett, 2009). Thus, social grooming serves as an important form of tactile 

stimulation that facilitates social bonds in primates.  

In human society, although touch is less emphasized than it is in nonhuman 

primates, the essential role of touch in facilitating bonding is still preserved. Everyday 

human relationships, still involve a great deal of touch, such as handshaking, patting, 

and hugging. Touch effectively communicates emotions (Hertenstein, Holmes, 

McCullough, & Keltner, 2009), and its emotional and social connotations often far 

outweigh any language expression (Dunbar, 2010). The facilitation of social affiliation 

by touch was extensively demonstrated by studies showing that even brief touch 

increases generosity (Crusco & Wetzel, 1984), compliance (Hornik, 1992; Guéguen, 

2004 ), and altruism (Gueguen & Fischer-Lokou, 2003; Joule & Gueguen, 2007) and 

decreases stress (Whitcher & Fisher, 1979) and aggression (Field, 1999). These 

findings are consistent with the observation that cultures that feature more physical 

affection have less violence (Field, 2010; Liedloff, 1986). Similar species differences 
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in affiliation and aggression have also been observed in nonhuman primates (Stanford, 

1998; Wrangham, 1993).  

Therefore, although touch in public is less encouraged in human cultures, the 

limited encounter of touch still has a great effect on our prosocial behaviors. In fact, 

that touch is so emotion provoking and influential for bonding may be the very reason 

that it’s full-blown appearance in the form of holding hands, cuddling, caressing, 

kissing, and massaging, is observed only in close relationships, such as those between 

mother and child and between romantic partners (Gueguen & Fischer-Lokou, 2003; 

Ferber, Feldman, & Makhoul, 2008). Interestingly, some of the affectionate behaviors, 

such as fiddling with hair or attending to spots and scabs and other blemishes, have 

even been suggested as genuine primate social grooming (Dunbar, 2010). In close 

relationships, affectionate touch provides numerous psychological and physiological 

benefits, and the amount of touch strongly correlated with relationship satisfaction, 

reciprocity, and attachment (Gallace & Spence, 2010; Field, 2010; Bystrova et al., 

2009; Gueguen & Fischer-Lokou, 2003; Ferber et al., 2008; Feldman, 2011; Weiss, 

Wilson, Hertenstein, & Campos, 2000). On the other hand, lack of affectionate touch, 

especially in early childhood, was linked to impairment of bonding capacity in 

individuals raised by caregivers who have aversion to physical contact (Main, 1981 ; 

Main & Stadtman, 1981), and anomalies in touch perception has been reported in 

individuals with autism spectrum disorders (McGlone, Wessberg, & Olausson, 2014; 

Cascio et al., 2012). Taken together, all the above evidence suggests that interpersonal 

touch strongly facilitates social bonding at a deeply-rooted level that may be well 
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beyond our awareness, and thus aberration of touch experience could have significant 

impact on a person’s social life. 

One prosocial effect of touch is that it can be highly pleasurable. That soft 

touch induces a marked pleasurable affective state in humans has recently been 

demonstrated (Olausson et al., 2002; McGlone, Vallbo, Olausson, Loken, & 

Wessberg, 2007; McGlone et al., 2014). Furthermore, these pleasurable effects are 

sufficiently strong to serve as a reward in affective conditioning to neutral social 

contexts in both animals and possibly in humans (Ackerman, Nocera, & Bargh, 2010; 

Baeyens, Wrzesniewski, deHouwer, & Eelen, 1996; Dunbar, 2010; Feldman, Singer, 

& Zagoory, 2010 Roth & Sullivan, 2006; Sullivan et al., 1991; Taira & Rolls, 1996). 

In addition, touch can induce a state of pleasant physiological quiescence. In monkeys, 

allogrooming reduces heart rate and behavioral indices of stress. The animal who is 

being groomed can become so relaxed that it can quite literally fall asleep (Dunbar, 

2010; Feldman et al., 2010; Keverne, Martensz, & Tuite, 1989). Similar calming, 

comforting effects of touch were also reported in human infants and adults (Gallace & 

Spence, 2010; Gray, Watt, & Blass, 2000; Feldman et al., 2010; Field, 2010). 

Together, the pleasure and physiological quiescence induced by touch are 

hypothesized to provide the affective state that enhances (i) reward, as a basis of 

associative conditioning required for the formation and maintenance of selective social 

bonds, and (ii) relaxation, as a requisite condition of maintaining social bonds for a 

prolonged period (Depue & Morrone-Strupinsky, 2005; Dunbar, 2010; Keverne et al., 

1989).  
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It is noteworthy that touch experience is complex and the various prosocial 

effects may be imbedded in different types of touch or variations of certain physical 

features of touch. For instance, primates social grooming includes both a gentle 

sweeping movement and a more rough plucking movement (Dunbar, 2010). Similarly, 

human massage ranges from stroking to percussion with different physical features 

(Field, 2014b). Accordingly, researchers have studied two types of touch that have 

been frequently observed in social interaction. First, soft touch, which typically 

involves gentle stroking of skin, appears to activate reward systems and evoke the 

calm pleasant feeling of touch (Lindgren et al., 2010; 2012; Loken, Wessberg, 

Morrison, McGlone, & Olausson, 2009). The pressure of this type of touch is 

relatively light. Its physiological effects include decreasing heart rate and blood 

pressure, without decreasing stress hormone (Lindgren et al., 2010). Second, moderate 

pressure touch, which is often used in massage therapy, has been associated with 

relaxation and stress attenuation effects. Physiologically it decreased heart rate, blood 

pressure, and stress hormone (Field, 2014a; 2014b). 

One feature that is hypothesized to differentiate the effects of the two types of 

touch is the amount of pressure applied (Field, 2014a; Lindgren et al., 2010; 2012). 

Based on the differential affective effects of soft touch and moderate pressure touch, 

relatively light pressure in gentle stroking clearly enhances positive affect, while 

moderate level of pressure has more prominent effects on vagal activation and stress 

attenuation. However, because the pressure range of each type of touch hasn’t been 

clearly defined in the literature, and most touch studies didn’t include dependent 

measures examining the effects of touch for both reward and stress systems, how the 
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effects of touch on different affective systems depend on the pressure of touch waits to 

be elucidated. Nonetheless, with its pleasant nature, soft touch is clearly essential to 

the positive hedonic feeling of social bonding. 

How does soft touch get under the skin and convey its prosocial effects in the 

brain is not completely known. However, research on the electrophysiology of human 

skin receptors has identified a group of unmyelinated, small diameter C fibers – C-

tactile (CT) afferents that have a particular potential to convey the positive affective 

property of soft touch (McGlone et al., 2014; Olausson, Wessberg, Morrison, 

McGlone, & Vallbo, 2010). CT afferents were first identified in the hairy skin of 

mammals, and only recently its existence in human hairy skin was reported. Similar to 

the low-threshold mechanoreceptors that have rapidly conducting large myelinated  

(Aβ) afferents that mediate discriminative touch, CT afferents respond to very low 

indentation forces and with high frequency responses to innocuous stimuli. In 

addition, in contrast to Aβ afferents, CT afferents do not encode well the spatial 

information of touch. Instead, CT afferents respond maximally to low indentation 

forces applied at a velocity of 3cm/s, which can be produced by a soft brush gently 

stroking the skin that generates a feeling similar to caressing (Loken et al., 2009; 

Olausson et al., 2010). In addition, CT afferents discharge preferentially at a neutral 

(typical skin) temperature (Ackerley et al., 2014; McGlone et al., 2014). Most 

importantly, the firing frequency of CT afferents correlates with subjective 

pleasantness ratings (Essick, James, & McGlone, 1999; Essick et al., 2010; Loken et 

al., 2009), and patients with congenital loss of C fibers, most likely including CT 

fibers, perceived less pleasantness from gentle stroking (Morrison et al., 2011). These 
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characteristics of CT afferents led to an “affective touch hypothesis,” which implies 

that CT afferents provide a peripheral mechanism for conveying the positive hedonic 

feeling of skin-to-skin contact with conspecifics, thereby promoting interpersonal 

touch and affiliative behaviors (McGlone et al., 2014).  

It should be noted that CT afferents do not mediate all affective aspects of soft 

touch. For instance, CT afferents are not present in glabrous skin, including palms, 

while soft brushing on the palms induced a feeling that is pleasant, albeit less pleasant 

compared to brushing on the arms (Loken et al., 2009). Recently, it has been proposed 

that there may be a functional homologue of CT afferents in human glabrous skin 

(Nagi & Mahns, 2013). This type of unmyelinated fiber, if confirmed, may expand the 

CT afferent system to represent the positive affect of touch across the entire body.  

The spinal and cortical processing of CT afferents is still under investigation. 

In general, small-diameter C fibers are activated to process interoception, the bodily 

feelings that reflect homeostatic conditions that have an affective-motivational aspect. 

The neural activity of these afferents is conveyed by the lamina I spinothalamocortical 

pathway (Craig, 2002; 2008). Because CT afferents mediate the affective aspect of 

touch, which is an important element of interoception, and because CT afferents were 

shown to project to lamina I and II in the spinal dorsal horn, it is hypothesized that CT 

afferents join the same pathway of other interoception (Craig, 2002; Olausson et al., 

2010). As shown in Fgure 2, the lamina I spinothalamocortical pathway (Craig, 2002) 

starts as small-diameter afferents projecting to lamina I, the most superficial layer of 

the spinal dorsal horn. In mammals, lamina I neurons then project to the main 

homeostatic integration sites in the brainstem, the main one being the parabraichial 
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(PB) nucleus. PB subsequently projects to insular cortex by way of the basal part of 

the ventromedial thalamic nucleus (VMb). In nonhuman primates and humans, 

however, there is a direct projection from lamina I to the posterior part of the 

ventromedial thalamic nucleus (VMpo), which then relays to insular cortex (see 

Figure 2; Craig, 2002). The insular cortex is important for integrating and representing 

the homeostatic condition of the entire body, including touch-induced feeling (Craig, 

2002; 2008; 2009). In primates and humans, through another thalamic relay nucleus 

(ventral caudal part of the mediodorsal thalamic nucleus, MDvc), the lamina I 

spinothalamocortical pathway also activates the anterior cingulate cortex that may 

represent touch-induced motivation (Craig, 2002; 2008). Human fMRI studies have 

confirmed that both insular cortex and anterior cingulate cortex were activated by CT-

targeted touch (i.e., by gentle brushing on hairy skin). In addition, CT-targeted touch 

also induced fMRI responses in other brain regions that are important for social 

perception (superior temporal sulcus) and for reward processing [medial prefrontal 

cortex (mPFC), and orbitofrontal cortex (OFC)] (Haber & Knutson, 2010; Gordon et 

al., 2013; McGlone et al., 2012; Price & Drevets, 2010).
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Figure 2. Different neural pathways that carry discriminative versus affective tactile 
stimulation to higher levels of the brain. See text for details; adapted from Craig (2008). 

 

Social Bonding Depends on Conditioning 

In social relationships, a bonded partner obtains and maintains the capacity to 

provide positive feelings that are normally experienced with primary rewards that are 

necessary for survival. Thus, the formation and maintenance of social bonding 

depends on associative processes that link the social partner to primary rewards. One 

important associative process is affective conditioning. When humans experience 

naturally-rewarding stimuli, such as food, sex, and certain drugs, they learn to like and 

prefer previously neutral contexts and people present at the time of reward. Such 
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affective associative conditioning is hypothesized to underlie in animals the formation 

of selective social bonds (Depue & Morrone-Strupinsky, 2005; Lim & Young, 2006; 

Machin & Dunbar, 2011; Panksepp, 1998) and, especially in humans, to serve as the 

basis of social memories that maintain those bonds over time and during periods of 

separation (Depue & Morrone-Strupinsky, 2005; Dunbar, 2010; Dunbar & Shultz, 

2007). This conditioning process is used as a standard index of whether a stimulus 

(e.g., soft touch) serves as a reward in animal studies of conditioned place- and mate-

preference (Le Merrer, Becker, Befort, & Kieffer, 2009; Lim & Young, 2006). In 

humans, it occurs in all sensory and cross-modal domains and with biologically 

significant stimuli (e.g., sweet food) in as few as one pairing of a neutral stimulus with 

reward (Bliss-Moreau, Barrett, & Wright, 2008; De Houwer, Thomas, & Baeyens, 

2001).  

 Investigations of affective conditioning in humans have focused mainly on 

evaluative conditioning, i.e., the associatively-induced changes in the valence of the 

conditioned stimuli (CS). Some evidence suggested that non-evaluative features of the 

unconditioned stimulus (US) may also be transferred to the CS. For instance, odor 

(CS) paired with sucrose (US) acquired a sweet smell, indicating the non-evaluative 

sensory property of sucrose was conditioned to the tasteless odor (Stevenson, Boakes, 

& Wilson, 2000). This conditioning of sensory features in addition to valence is 

consistent with the fact that reward experience is a multi-facet ensemble of sensation, 

affect, and embodied cognition (Williams & Bargh, 2008; Williams, Huang, & Bargh, 

2009). Therefore, the possible multi-faceted characteristic of affective conditioning 

may be important for understanding the formation of social bonding. For example, the 
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nature of bonding not only depends on the reward value experienced in a relationship, 

but also depends on other specific features of the reward; and the ability of different 

reward stimuli to facilitate social bonding may not be determined only by their valence 

ratings.  

Human studies of soft touch-induced affective conditioning are very limited. 

Soft touch-induced conditioned head turning towards a neutral odor was shown in 

human infants (Sullivan et al., 1991), and in a field study relaxing massage increased 

liking of a neutral odor that was presented during a two-month massage therapy 

(Baeyens et al., 1996). In both of these studies, without using a social stimulus as the 

CS, the nature of the social perception that is important for understanding the process 

of human bonding was not illustrated. In addition, exactly which neuromodulators 

mediate the effects of soft touch on human social bonding is not yet established. Soft 

touch in rodents and monkeys elicits release of endogenous opioids (OP) and oxytocin 

(OT), both of which have effects on various processes relevant to mammalian social 

bonding (Depue & Morrone-Strupinsky, 2005). In order to understand the underlying 

neurobiological processes that facilitate touch-induced conditioning, it is important to 

differentiate the respective roles OP and OT may play in the processes. 

Neuromodulators of Touch-Induced Affective Conditioning 

OP, mediated primarily by the mu-opioid receptor (MOR), facilitates vigorous 

grooming, play behavior, infant maternal clinging, maternal grooming of infants, and 

selective attachments in rodents (including prairie voles), sheep, and monkeys (Depue 

& Morrone-Strupinsky, 2005). MOR has high affinity to two main types of OP 

peptide, β-endorphin and enkephalines. OP neurons that release these peptides or 
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express MORs are widely distributed in brain regions associated with the reward 

circuits (Figure 3), and mediate the positive reinforcing properties of a wide variety of 

natural rewards and drugs, as well as the affective conditioning of contextual cues to 

reward. Endogenous OP levels are increased by natural rewards, including food 

consumption (Kelley et al., 2005), social interaction (Bertrand, Smadja, Mauborgne, 

Roques, & Dauge, 1997; Machin & Dunbar, 2011), and positive mood induction 

(Koepp et al., 2009). Higher endogenous OP levels in various brain areas were also 

found in animals that are bred for higher reward reactivity (Burgdorf et al., 2009). 

Further, in both animals and humans, activation and inactivation of MOR receptors in 

brain reward regions in the nucleus accumbens (NAc) facilitate and block, 

respectively, positive hedonic feelings during consumption of various rewards, as well 

as the conditioned liking of contextual cues associated with reward (Burkett, Spiegel, 

Inoue, Murphy, & Young, 2011; Depue & Morrone-Strupinsky, 2005; Insel, 2003; 

Lim & Young, 2006;  Machin & Dunbar, 2011; Moles, Kieffer, & D'Amato, 2004; 

Numan & Stolzenberg, 2009; Smith & Berridge, 2007; Smith, Berridge, & Aldridge, 

2011; Trezza, Baarendse, & Vanderschuren, 2010; Young, Lim, Gingrich, & Insel, 

2001). Rewarding effects of OP are also directly indicated by the fact that a range of 

MOR agonists, when injected intracerebroventricularly or directly into the NAc, serve 

as unconditioned rewarding stimuli in a dose-dependent manner in stimulating self-

administration and producing a conditioned place-preference (CPP).  

The construct of reward encompasses several dynamically interacting 

neurobehavioral processes occurring across two phases: appetitive and consummatory. 

Notably, OP specifically mediates the reward phase to which soft touch belongs. 
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During the appetitive phase, a behavioral system, which is defined as behavioral 

approach based on incentive motivation (Depue & Collins, 1999), is activated by, and 

serves to bring an animal in contact with, unconditioned and conditioned rewarding 

incentive stimuli. Examples of incentive stimuli include novelty, distal sensory 

properties of reward, and conditioned objects and contexts that signal potential 

availability of reward (Bardo, Donohew, & Harrington, 1996; Schultz, 2007; Stuber et 

al., 2008). When close proximity to a rewarding goal is achieved, incentive-

motivational approach gives way to a consummatory phase of reward processing 

(Herbert, 1993). In this phase, specific interoceptive and proximal exteroceptive 

stimuli related to critical primary biological aims, such as feeding, sex, warmth, and 

soft tactile stimulation, elicit behavioral patterns that reflect the consumption of 

reward (Berridge, Ho, Richard, & DiFeliceantonio, 2010; Hofer, Shair, & 

Murowchick, 1989; Moles et al., 2004; Smith et al., 2011). 

As opposed to an incentive motivational state of activation, desire, and wanting 

in the appetitive phase of reward, the expression of consummatory behavioral patterns 

elicits in humans intense feelings of pleasure, gratification, and liking, plus 

physiological quiescence characterized by rest, sedation, anabolism, and 

parasympathetic nervous system activity, thereby reinforcing the production and 

repetition of all those behaviors that led up to and consumed the reward (Berridge, 

1999; Di Chiara & North, 1992; Porges, 1998, 2001; Robinson & Berridge, 1993; 

UvnÄS-Moberg, 1997). In humans, similar consummatory reward feelings can be 

induced by the administration of MOR agonists, which generates the subjective 

feelings of increased interpersonal warmth, euphoria, well-being, and peaceful 
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calmness, as well as of decreased elation, energy, and incentive motivation (Depue & 

Morrone-Strupinsky, 2005; Ferrante, 1996; Greenwald, June, Stitzer, & Marco, 1996; 

Haertzen, Hill, & Belleville, 1963; Haertzen, 1966; Hill, Haertzen, Wolbach, & Miner, 

1963; Martin & Sloan, 1977). These calm pleasant feelings resemble the pleasure and 

physiological quiescence induced by soft touch.  

Neuroanatomically, the lamina I spinothalamocortical pathway that may 

convey affective information of soft touch is likely to reach OP neurons in brain 

reward circuits. Below, the reward circuits and projections mostly derived from rodent 

studies are described, as possible projections are best studied in rodents. Figure 3 

illustrates a simplified framework of core structures in brain reward circuits. Briefly, 

when animals encounter incentive stimuli, ventral tegmental area (VTA) DA neuron 

phasic burst-firing encodes the reward value of the incentive (Bromberg-Martin, 

Matsumoto, & Hikosaka, 2010). This information is conveyed to amygdala (AMY), 

hippocampus, ventral and medial prefrontal cortex (vmPFC, including medial 

prefrontal cortex (mPFC) and medial orbital prefrontal cortex (mOFC)), and NAc 

through DA projections (Depue & Morrone-Strupinsky, 2005; Fields, Hjelmstad, 

Margolis, & Nicola, 2007; Haber & Knutson, 2010; Sesack & Grace, 2010). AMY and 

hippocampal areas associate discrete, contextual, and spatial information that co-occur 

with reward (Depue & Morrone-Strupinsky, 2005), and relay those associations to 

vmPFC, which also has access to reward-relevant sensory and motor information, to 

form a higher-level representation of the rewarding event that is requisite for executive 

control (Depue & Morrone-Strupinsky, 2005; Sesack & Grace, 2010). AMY, 

hippocampus, and vmPFC convey the encoded reward information to the NAc through 
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glutamatergic (GLUergic) projections. The convergent DA and GLU afferents to the 

NAc are integrated by medium spiny neurons that translate incentive motivation to 

appropriate motor activation, such as exploratory behavior. As shown in Figure 3, 

through their direct projections to VTA γ-Aminobutyric Acid (GABA) interneurons, 

as well as indirect projections to VTA DA neurons via the ventral pallidum (VP), NAc 

neurons in turn disinhibit VTA DA neuron activation (Sesack & Grace, 2010; Xia et 

al., 2011). When the reward is being consumed, OP-expressing neurons throughout 

these brain regions and in the arcuate nucleus of the hypothalamus release endogenous 

opioids that encode the hedonic value of the reward and facilitate reward consumption 

during the consummatory phase, mainly via the activation of MORs (Berendse & 

Groenewegen, 1990; Criado & Morales, 2000; Kalivas, Churchill, & Klitenick, 1993; 

Le Merrer et al., 2009).  
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Figure 3. Activation pathways of OP neurons in the brain reward circuits by soft touch. The 
core structures of incentive and consummatory reward circuits are enclosed in the main 
rectangular. Among these core structures, the VTA is the main site of DA neurons (pink DA 
ovals) that project (thick red solid lines) to vmPFC, AMY, HIPP, and NAc. The vmPFC, 
AMY, and HIPP send GLU projections (green dashed lines) to the NAc. The NAc sends 
GABA projections (purple dotted lines) to the GABA interneurons in the VTA as well as to 
the VP, which sends a GABA projection to VTA DA neurons. ENK expressing neurons are 
widely distributed throughout reward structures (blue ENK ovals), and there may be mutual 
ENK projections between the NAc and VP (dark blue dotted line). All these reward structures 
also receive β-end projections (thick blue solid lines) from the arcuate nucleus, the main site 
of β-end neurons in the brain (blue β-end oval). Soft touch activates OP neurons through 
multiple PB projections: one is a direct, possibly GLU projection to Arc that potentially 
activates β-end neurons; a second direct GLU projection to vmPFC and AMY that may 
activate ENK neurons in these regions; and a third set of indirect GLU projections to NAc that 
are relayed by a) thalamus and b) vmPFC and AMY, which both may activate ENK neurons in 
NAc. Through PB projection, soft touch may also activate PVN OT neurons (yellow oval) that 
release OT (yellow solid lines) into the core reward structures in the main rectangular. 
Abbreviations: VTA = ventral tegmental area; DA = dopamine; vmPFC = ventral and medial 
prefrontal cortex; AMY = amygdala; HIPP = hippocampus; NAc = nucleus accumbens; GLU 
= glutamate; GABA = γ-Aminobutyric acid; VP = ventral pallidum; ENK = encephalin; β-end 
= β-endorphin; PB = parabrachial nucleus; Arc = arcuate nucleus; PVN = paraventricular 
nucleus of the hypothalamus; OT = oxytocin. 
 

In rats, one of the main regions through which lamina I spinothalamocortical 

pathway may reach OP neurons is the parabrachial (PB) nucleus (Craig, 2002). 

Through many of the direct and indirect PB projections, soft touch information can 

reach various brain regions that are important for reward processing and that also 

contain OP neurons (Saper & Loewy, 1980). Significantly, PB cells directly innervate 

the arcuate nucleus of the hypothalamus, where soft touch can activate the main group 

of ß-endorphin neurons that send OP projections to wide areas of the brain, including 

AMY, hippocampus, NAc, and VTA (Herbert, 1993; Johansson et al., 1997; Watabe-

Uchida, Zhu, Ogawa, Vamanrao, & Uchida, 2012). In addition, several indirect 

excitatory PB projections reach the NAc. One such indirect excitatory pathway is 
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relayed by intralaminar and midline nuclei in the thalamus that send excitatory 

afferents to the NAc (Berendse & Groenewegen, 1990; Sesack & Grace, 2010). These 

thalamic nuclei are thought to be involved in the affective aspects of information, in 

contrast to sensory thalamic relay nuclei (Berendse & Groenewegen, 1990). A second 

pathway to the NAc is from PB to AMY and then to NAc (Groenewegen, Wright, 

Beijer, & Voorn, 1999; Saper & Loewy, 1980). A third one is a PB-mPFC-NAc 

pathway (Berendse, Galisdegraaf, & Groenewegen, 1992; Haber & Knutson, 2010; 

Saper & Loewy, 1980; Sesack & Grace, 2010). 

Furthermore, as the intralaminar and midline thalamic nuclei also project to 

AMY and hippocampal regions and vmPFC (Berendse & Groenewegen, 1991; Su & 

Bentivoglio, 1990; Van der Werf, Witter, & Groenewegen, 2002), there could be a 

fourth indirect pathway from PB to the NAc, relayed first by the thalamus and then by 

the AMY and mPFC. Notably, AMY and mPFC themselves contain enkephalin-

expressing neurons that regulate reward consumption (Criado & Morales, 2000; 

Morganstern, Liang, Ye, Karatayev, & Leibowitz, 2012; Zhu & Pan, 2004), and these 

neurons can be activated by PB projections. Moreover, the PB projections may also 

influence NAc activity through interoceptive thalamic and cortical (e.g., anterior 

insular) areas (Berendse & Groenewegen, 1990; Craig, 2002; Depue & Morrone-

Strupinsky, 2005; Saper & Loewy, 1980; Sesack & Grace, 2010). As most PB neurons 

express the vesicular GLU type 2 transporter, and as the PB nucleus sends GLU 

projections to various forebrain structures, including lateral hypothalamus, midline 

thalamus, and cerebral cortex (Kaur et al., 2013; Niu, Yokota, Tsumori, Qin, & Yasui, 

2010), the above PB afferents may be GLUergic as well.  
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Finally, like the NAc, the posterior VP contains enkephalin-expressing neurons 

that may also express MORs. MOR activation in either the NAc medial shell or 

posterior VP leads to MOR activation in the other area, suggesting possible mutual 

enkephalin projections between the two areas (Kalivas et al., 1993; Smith, Tindell, 

Aldridge, & Berridge, 2009). Thus, enkephalin-expressing neurons in the VP can be 

recruited as soft touch activates the NAc. 

OT, released by OT neurons that are mainly located in the paraventricular and 

supraoptic nuclei of the hypothalamus, but also scattered in the medial preoptic area 

and ventral bed nucleus of the stria terminalis-lateral preoptic region (Numan & 

Stolzenberg, 2009; Pedersen, 1997; Ross & Young, 2009), also facilitates various 

prosocial behaviors in nonhuman primate adults and infants and in humans, including 

maternal care (Numan & Stolzenberg, 2009; Shahrokh, Zhang, Diorio, Gratton, & 

Meaney, 2010), partner preference (Baskerville & Douglas, 2010; Gordon, Martin, 

Feldman, & Leckman, 2011; Lim & Young, 2006), nonsexual social contact (Witt, 

Winslow, & Insel, 1992), the expression of social CPP (Panksepp, Nelson, & 

Bekkedal, 1997), social cooperation (De Dreu, 2012; Heinrichs & Domes, 2008;), 

gregariousness (Rosenblum et al., 2002; Uvnas-Moberg, 1998; Winslow, Noble, 

Lyons, Sterk, & Insel, 2003), and infant monkey expressioins toward the mother 

(Simpson et al., 2014). In animals and humans, OT underlies several major processes 

that enhance social approach for affiliation. OT, and to some extent OP, attenuates 

stress in response to social cues by markedly reducing amygdala arousal, autonomic 

nervous system reactivity, and stress hormones (Heinrichs & Domes, 2008; Machin & 

Dunbar, 2011). OT thereby plays an important role as a biological mechanism for 
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stress-protective effects of positive social interaction. In addition, OT enhances 

processes associated with social cognition, including attention to and perception of 

socioemotional facial and bodily cues as well as social memory (Heinrichs & Domes, 

2008).  

Most relevant to reward processing, OT appears to orient the reward circuits to 

social stimuli through interactions with DA and OP projection systems during the 

appetitive and consummatory phases of social affiliation (Burkett et al., 2011; Insel, 

2003; Lim & Young, 2006; Numan & Stolzenberg, 2009; Young, Lim, Gingrich, & 

Insel, 2001). OT neurons send projections to the VTA, and OT receptors (OTR) are 

widely distributed in various brain areas in the VTA DA reward system, including 

VTA, NAc, AMY, and hippocampus (Figure 3). OTR activation in these areas 

enhances DA release into the NAc, and induces DA-facilitated incentive responses to 

social reward, which can be blocked by OTR antagonists (Depue & Morrone-

Strupinsky, 2005; Love, 2014). In addition to its effects on VTA DA functioning, OT 

neurons in the paraventricular nucleus projecting to ß-endorphin neurons in the arcuate 

nucleus can increase OP release by 300% (Csiffary, Ruttner, Toth, & Palkovits, 1992). 

OT infusion into the NAc also increases OP expression, and the effect size correlates 

with OTR density in the NAc (Young et al., 2001).  

It is noteworthy, however, that OT does not appear to mediate reward per se 

because, although OT receptors are found, and may interact with mechanisms, in the 

reward circuit (Lim & Young, 2006), there is no literature that demonstrates that OT 

by itself mediates effects of natural or drug reward, self-administration, or place 

conditioning in rats (Panksepp, 2009; Panksepp et al., 1997). Moreover, in humans, 
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intranasal OT administration has shown no significant effects on positive or negative 

mood ratings (Di Simplicio, Massey-Chase, Cowen, & Harmer, 2009; Guastella, 

Mitchell, & Mathews, 2008; Theodoridou, Rowe, Penton-Voak, & Rogers, 2009). 

Therefore, OT likely contributes to human social conditioning through effects on 

stress reduction, social recognition and memory, and orientation of the reward 

systems. As shown in Figure 3, soft touch may activate these facilitating effects 

through PB projection to the paraventricular nucleus (PVN) (Saper & Loewy, 1980), 

which may activate PVN OT neurons. 

On the basis of these differential associations, we hypothesized that OP plays a 

prominent role in the pleasurable rewarding effects of soft touch that are necessary for 

positive affective conditioning in humans. In contrast, OT plays a facilitating role by 

enhancing the experience of social reward (through decreasing stress and orienting the 

reward systems) and social memory. This facilitating role may be even less obvious in 

conditioning procedures studied in healthy human participants, when stress levels are 

minimal and the demand for recognizing or memorizing neutral stimuli is low.  

In this dissertation, this hypothesis was assessed by using variation in OP and 

OT receptor genes to examine their relative contribution to soft touch-induced positive 

affective conditioning of a neutral human face. In brief, participants were genotyped 

for polymorphisms in human mu-opioid (OPRM1) and OT receptor genes. The single 

nucleotide polymorphism A118G within OPRM1 has the highest overall allelic 

frequency (Kreek, Bart, Lilly, LaForge, & Nielsen, 2005). The 118G allele causes a 

structural change in the MOR that could alter its function. Although the functional 

effect of 118G allele in the molecular level remains to be elucidated (Kroslak et al., 
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2007), however, several genetic studies in the behavioral level suggested that this 

allele is a gain-of-fucntion variant, and is associated with several indicators of 

enhanced social attachment and ability to experience social reward in monkeys and 

humans. Functionally similar single nucleotide polymorphisms are present in humans 

(OPRM1 A118G) and rhesus macaques (OPRM1 C77G). Both infant and mother 

rhesus macaques with the G allele displayed more behaviors that maintain close 

physical proximity in the mother-infant dyads (Barr et al., 2008; Higham et al., 2011). 

In humans, the G allele seems to buffer children from the unfavorable effects of parent 

problems by increasing enjoyment of parent-child interaction (Copeland et al., 2011). 

Human adults with the G allele also had an increased tendency to become engaged in 

affectionate relationships and experienced more pleasure in social situations (Troisi et 

al., 2011). 

The exact functional consequences of the intronic A-to-G substitution 

ploymorphism (rs53576) within the OT receptor gene are unknown, but the variant A 

allele is thought to reflect a loss-of-function. The OT A allele has been associated in 

humans with reduced expression of nonverbal affiliative cues, parental sensitivity to 

toddlers, empathy, and prosociality (Bakermans-Kranenburg & van Ijzendoorn, 2008; 

Kogan et al., 2011; Rodrigues, Saslow, Garcia, John, & Keltner, 2009; Tost et al., 

2010), lower level of psychological resources (Saphire-Bernstein, Way, Kim, 

Sherman, & Taylor, 2011), lower responsiveness to the anxiolytic effect of social 

support (Chen et al., 2011), and increased amygdala activation to negative social 

stimuli (Tost et al., 2010).  
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CHAPTER 2 

 

METHODS 

Participants 

Participants were 68 university females (19-23 years of age, all of middle to 

high SES) selected at random from a larger pool (N=450) of potential participants. 

Females serve as the model system for soft touch, since they likely evolved greater 

sensitivity for it and in general scored significantly higher in trait social closeness 

(e.g., Taylor & Iacono, 2007). So by using females, we maximize the effects of soft 

touch on affective conditioning as the initial demonstration that soft touch induces 

affective conditioning. Of the 68 participants, 57 (84%) were European Caucasian, 11 

(16%) were East Asian (see Results for comparison of these two subgroups in 

conditioning). Participants were free of medical and psychiatric disorders. 

Genotyping 

DNA was obtained from 0.5 ml of saliva using the prep-IT L2P protocol (DNA 

Genotek, Ottawa) and quantified using Qubit assay kits (Life Technologies). Allelic 

discrimination assays for OPRM1 (rs1799971) and OXTR (rs53576) were performed 

by 5’ nuclease assays (Taqman SNP Genotyping Assays, Applied Biosystems Inc.) 

according to manufacturer recommendations using the Taqman Genotyping master 

mix (Applied Biosystems Inc.). The allelic discrimination assays were analyzed by 

real-time PCR using a Viia7 instrument and Viia7 software (Applied Biosystems Inc.). 

All DNA samples were genotyped for each locus in at least three replicate genotyping 

assays in the Genomics Facility, Institute of Biotechnology, Cornell University, 

Ithaca, New York.  
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Genotype frequencies for OPRM1 were GG=3 (4%), GA=19 (28%), AA=46 

(68%), and for OXTR rs53576 were GG=32 (47%), GA=24 (35%), AA=12 (18%). 

Neither of the genotype distributions of OPRM1 rs1799971 and OXTR rs53576 

deviated from Hardy–Weinberg equilibrium (P’s > 0.05). 

Affective Conditioning 

The design of this task is based on the conditioning paradigm used by Buchel 

et al. (1998) and Thiel et al. (2002), but extends it to the affective domain. As shown 

in Figure 4, four faces of young adults (2 male, 2 female) were selected from the 

neutral face database developed by Matsumoto and Ekman (1988). The four faces 

were presented and rated affectively in random order in a pre-conditioning 

familiarization phase in this study to habituate participants to the novelty of the faces 

and to obtain their baseline ratings before conditioning. 

Figure 4. Illustration of the experimental design. Four emotionally-neutral faces (2 male, 2 
female) used in the study were selected from the series of faces developed by Matsumoto and 
Ekman (1988). For each participant, two faces (e.g., first and second in Figure 4) were 
conditioned with forearm brush strokes and therefore represent CS+ faces; the other two faces 
(e.g., the third and fifth in Figure 4) were never paired with brushing and represent CS- faces. 
Faces assigned CS+ vs CS- status were randomized across participants, but each CS type 
consisted of a male and female face. According to 50% partial reinforcement, only half of the 
presentations of the CS+’s were accompanied by the US (e.g., first and last faces [CS+paired]) 
and half were not (e.g., second and fourth faces [CS+unpaired]. (See text for details). 
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Affective conditioning consisted of pairing an unconditioned stimulus (US) 

that elicits a pleasant affective state – forearm soft brush strokes (described below) – 

with emotionally neutral human faces (conditioned stimulus, CS), where conditioning 

is manifested when a neutral face is rated as affectively pleasant after CS-US pairings. 

Many studies have demonstrated that forearm soft brushing elicits robust affective 

responses of pleasure in humans as young as 9 months of age (Essick et al., 2010; 

Fairhurst, Loeken, & Grossmann, 2014; Loken et al., 2009; McGlone et al., 2007; 

Olausson et al., 2002, 2008). In order to prevent conscious awareness of the 

conditioning process, two procedures were used: (i) two faces were paired with the US 

(CS+’s) and two were not (CS-‘s); and (ii) 50% partial reinforcement was used, where 

only half of the presentations of the two CS+’s were paired with the US (brush 

strokes). Pairing 50% of CS+ presentations with brushing also has the advantage of 

enabling analysis of affective responses to CS+ faces on trials not paired with the US 

(CS+unpaired), and thereby uncontaminated by direct effects of the US (Buchel et al., 

1998; Thiel et al., 2002).  

For each participant, two faces (e.g., first and second in Figure 4) were 

conditioned with forearm brush strokes and therefore represent CS+ faces; the other 

two faces (e.g., the third and fifth in Figure 4) were never paired with brushing and 

represent CS- faces. Faces assigned CS+ vs CS- status were randomized across 

participants, but each CS type consisted of a male and female face. According to 50% 

partial reinforcement, only half of the presentations of the CS+’s were accompanied 

by the US (e.g., first and last faces [CS+paired] shown in Figure 4) and half were not 

(e.g., second and fourth faces [CS+unpaired] shown in Figure 4).  
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There were 40 conditioning trials: 5 trials for each CS+paired and 

CS+unpaired male and female faces (i.e., 20 trials), where only the CS+ unpaired 

faces were rated affectively; and 10 trials for each of the CS- male and female faces 

(i.e., 20 trials), where only half (randomly selected) of the CS- trials were rated 

affectively. 

Each trial had the following sequence: (i) a computer beep indicated the 

initiation of a trial, (ii) 2s delay, (iii) a face presentation for 9s, (iv) brushing on 

CS+paired trials (brushing began after the face appeared and continued until the face 

disappeared), and on rating trials (v) affective ratings on scales shown on computer 

monitor, after which the next trial began with a beep.    

At the beginning of the study, participants received the following instructions: 

“You will look at faces presented one at a time for 9 sec each. On some of the 

presentations, the face is accompanied by two brush strokes on the forearm (elbow to 

wrist). Occasionally, you will be asked to rate how you currently feel about the faces 

on the computer monitor.” They were then provided detailed instruction and practice 

in the use of the rating scales, followed by a demonstration of the brushing strokes 

(see below). 

Brushing 

Similar to previous human studies (Essick et al., 2010; Loken et al., 2009; 

McGlone et al., 2007, 2014), participants sat with their non-dominant arm behind a 

screen and facing a computer monitor that presented face stimuli. An experimenter sat 

silently on the other side of the screen, out of sight of the participant, facing their own 

computer monitor, which displayed a picture of a brush when CS+paired faces were 
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presented to the participant. At that time, the experimenter applied two serial brush 

strokes with a soft, goat’s hair brush (Da Vinci Series 550 Black Goat’s Hair Wash 

Mottler brush, measuring 73 mm wide and 32 mm long), moving proximal (elbow) to 

distal (wrist) on the hairy skin of the medial surface of the forearm (particularly on the 

medial aspect of the green-colored section of the right forearm shown in Figure 5). 

Two to six brushings and this width of brush were found to be the most effective in 

stimulating C-fibers of the forearm, which transmit soft touch stimulation to the brain, 

and in eliciting pleasantness ratings and GSR responses (Essick et al., 2010; Loken et 

al., 2009; Olausson et al., 2002, Olausson et al., 2008). The design was such that 

brushing of a CS+paired face was separated by at least two trials from brushing of a 

subsequent CS+paired face, which prevents fatigue of C-fibers (Loken et al., 2009; 

Olausson et al., 2008).  

 In a constant room temperature of 23 degrees C, brush strokes were applied at 

the rate of ~3cm/s with a normal force of ~0.4N, both of which are optimal for 

stimulating soft touch C-fibers (Loken et al., 2009; Olausson et al., 2002, 2008). A 

relatively prolonged skin contact of the brush is also desirable for stimulating C-fibers. 

Hence, the beginning (elbow) and end (wrist) points of a 12cm distance were marked 

with a pen on the participant’s non-dominant forearm, which served as a guide for 

application of the brush strokes. Thus, each brush stroke was 4s (~3cm/s) in duration, 

ending with a gradual up-sweep of the brush. Experimenters were trained for a 

prolonged period in order to master the correct velocity and pressure (assessed on an 

electronic, ultrasensitive pressure gauge) of the brush stroke, and were calibrated on 

these variables twice weekly during the study. 
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Figure 5. Illustration of the different anatomical sections of the upper arms and forearms. 

Affective Rating Scales 

Facial ratings of (i) pleasant and (ii) gentle were performed on computer 

monitor using a visual analog scale ranging from 0 to 100, which was found to be 

highly effective in human studies of affective responses to brushing (Essick et al., 

2010; Loken et al., 2009; Olausson et al., 2002, 2008). Both ratings were included in 

order to access the social perception of a face that is based on the bodily feelings 

evoked by viewing it, which are transferred from the bodily feelings generated by 

brushing. The pleasant rating assesses the valence of the face, reflecting the affective 

component of brushing. The gentle rating may assess the quality of softness and 

tenderness of the face, which possibly reflects the sensory aspect (softness) of 

brushing, as our social concept of gentleness is likely to be scaffolded from early 

experience of touch softness (see Discussion section for more details). Because inter-

individual variation in interpretation and use of visual analog scales is reduced by use 

of (i) regular demarcations along the range of the scale, and (ii) the use of adjectival 
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markers associated with the demarcations (Depue & Fu, 2013; Moore, Fu, & Depue, 

2014; Morrone, Depue, Scherer, & White, 2000; Morrone-Strupinsky & Depue, 2004; 

Tellegen & Waller, 2008 ), these were incorporated in the scale used in this study 

based on facial rating pilot data collected from a separate group of participants (Figure 

6 shows the Pleasant scale).  

 

Figure 6. Facial ratings of (i) pleasant and (ii) gentle were performed on computer monitor 

using a visual analog scale ranging from 0 to 100. Twenty-point demarcations were grounded 

with adjectival markers indicating intensity of affective experience. 
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CHAPTER 3 

 

RESULTS  

Pre-Conditioning Familiarization and Randomization of Faces 

Participant ratings of pleasant and gentle for each face during the pre-

conditioning familiarization presentations showed no significant difference between 

any of the four faces for either of the rating variables [pleasant rating: F (3, 201) = 

.629; p > .05; partial η2 = .009; gentle rating: F (3, 201) = .992; p > .05; partial η2 = 

.015]. Thus, the purely sensory characteristics of the four faces themselves evoked 

identical neutral affective responses in the current sample in the familiarization phase. 

Furthermore, as noted above, systematic effects of individual faces per se were 

eliminated, because the allocation of CS+ and CS- faces across participants was 

randomized. 

Efficacy of Affective Conditioning Procedure 

Participant ratings of pleasant and gentle for each face on each rating trial 

served as the dependent variables. Though ratings of all faces in the pre-conditioning 

familiarization phase were not significantly different, effects of slight individual 

variation in baseline ratings on trial ratings were controlled by expressing both rating 

variables on each of the five trials as the rating for CS+ (on the 50% of trials where 

CS+ was not brushed) or CS- (on 50% of randomly selected CS- trials) faces minus 

their respective baseline rating in the pre-conditioning familiarization presentations.  

A mixed ANOVA using rating [pleasant vs gentle (PG)], CS type (CS+ vs. 

CS-), and Trial Order (1st to 5th brushing event) as within-subject variables, and using 

OP genotype (AG/GG vs. AA) and OT genotype (AA/AG vs. GG) as between-subject 
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variables, was performed. Different components of this overall ANOVA were used to 

answer a series of questions in this section and in the next two sections. First, the 

effectiveness of soft touch to induce affective conditioning was assessed by 

components of the ANOVA, where CS type (CS+ vs. CS-) and Trial Order (1st to 5th 

brushing event) served as within-subject factors. As shown in Figure 7A, affective 

conditioning was indicated by a CS main effect [F (1, 64) = 109.687; p < .001; 

partial η
2
 = .632], where facial ratings of CS+ faces were significantly higher than for 

CS- faces. When facial ratings of CS+ and CS- faces were compared on each rating 

trail, after only one pairing with soft touch brushing, CS+ faces were already rated 

significantly higher than CS- faces, and this difference in ratings remained significant 

for all subsequent trials 2-5 [F (1, 68) ranging from 57.885 to 87.085 for the 1
st
 to 5

th
 

trial; all p values < .001, with partial η
2
 values ranging from .460 to .562]. Moreover, 

as illustrated in Figure 7A and Table 1, the pattern of facial ratings also differed 

between CS+ and CS- faces across the five trials, as indicated by a significant 

CS*Trial Order two-way interaction [F (4, 256) = 5.329; p < .001; partial η
2
 = .077]. 

Post-hoc analysis indicated that facial ratings for only the CS+ faces (but not for the 

CS- faces) showed an increase across trials [F (4, 268) = 7.196; p < .001; partial η
2
 = 

.097], where only the ratings of CS+ faces significantly differed from trial 1 ratings on 

trial 2 (p = .031), 4 (p = .001), and 5 (p = .005) in pairwise comparisons. This pattern 

indicates that the facial ratings of CS+ faces reflect an increasing development in the 

process of conditioning across time that is not evident in the pattern of CS- ratings. 
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Table 1. Mean and Standard deviations of facial ratings 

  Pleasant M(SD) Gentle M(SD) 

 Trial 1 Trial 2 Trial 3 Trial 4 Trial 5 Trial 1 Trial 2 Trial 3 Trial 4 Trial 5  

                      

All Participants  
(N = 68)           

CS+ 
9.70 
(18.55) 

15.44 
(19.44) 

14.92 
(22.16) 

17.94 
(22.09) 

17.40 
(21.42) 

10.44 
(17.31) 

14.19 
(18.15) 

13.44 
(19.69) 

16.75 
(20.14) 

15.17 
(21.80) 

CS- 
-6.41 
(12.69) 

-5.48 
(15.76) 

-3.89 
(17.42) 

-4.00 
(17.96) 

-3.72 
(17.42) 

-8.15 
(16.01) 

-8.85 
(16.51) 

-8.45 
(16.32) 

-8.44 
(19.58) 

-9.13 
(17.85) 

OPRM1 AA        
(N = 46)           

CS+ 
5.94 
(17.00) 

8.25 
(15.11) 

6.44 
(18.34) 

10.67 
(18.93) 

10.38 
(17.27) 

8.59 
(16.21) 

10.38 
(15.54) 

8.39 
(16.59) 

11.69 
(17.28) 

10.48 
(18.02) 

CS- 
-6.53 
(13.03) 

-5.66 
(15.51) 

-3.49 
(17.82) 

-3.49 
(17.82) 

-5.14 
(16.78) 

-7.63 
(14.52) 

-8.69 
(16.50) 

-8.30 
(15.42) 

-7.67 
(17.73) 

-10.50 
(15.87) 

OPRM1 GG/AG  
(N = 22 )          

CS+ 
17.54 
(19.59) 

30.47 
(19.15) 

32.66 
(18.92) 

33.14 
(20.77) 

32.09 
(22.16) 

14.31 
(19.23) 

22.17 
(20.84) 

24.00 
(21.78) 

27.32 
(21.93) 

24.97 
(25.90) 

CS- 
-6.16 
(12.24) 

-5.10 
(16.64) 

-4.74 
(16.94) 

-4.74 
(16.94) 

-0.77 
(18.75) 

-9.23 
(19.09) 

-9.20 
(16.92) 

-8.77 
(18.44) 

-10.05 
(23.35) 

-6.26 
(21.53) 

OXTR  AA/AG   
(N = 36)           

CS+ 
4.88 
(17.49) 

10.67 
(18.30) 

7.93 
(21.28) 

11.26 
(20.34) 

11.34 
(19.81) 

7.74 
(17.57) 

11.24 
(18.59) 

10.22 
(19.81) 

13.35 
(18.10) 

11.94 
(18.66) 

CS- 
-6.49 
(13.96) 

-6.09 
(15.29) 

-7.36 
(13.66) 

-5.24 
(16.55) 

-5.56 
(14.64) 

-7.65 
(13.61) 

-9.73 
(15.17) 

-9.81 
(12.16) 

-8.57 
(18.67) 

-10.62 
(17.92) 

OXTR   GG        
(N = 32 )           

CS+ 
15.12 
(18.48) 

20.80 
(19.57) 

22.79 
(20.72) 

25.45 
(21.86) 

24.23 
(21.40) 

13.48 
(16.76) 

17.52 
(17.31) 

17.06 
(19.22) 

20.56 
(21.88) 

18.79 
(24.66) 

CS- 
-6.32 
(11.32) 

-4.79 
(16.50) 

0.01 
(20.39) 

-2.61 
(19.61) 

-1.66 
(20.15) 

-8.71 
(18.56) 

-7.87 
(18.10) 

-6.93 
(20.10) 

-8.29 
(20.85) 

-7.46 
(17.90) 
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Figure 7. Affective conditioning across five trials as a function of OPRM1 genotype 

subgroups (A = all participants with all genotypes combined; B = participants with AA 

genotype; C = participants with GG + AG genotypes combined, and D = curves fit to illustrate 

the pattern of the development of conditioning across trials in AA vs. GG+AG genotype 

subgroups). See text for details. 

 

Next, components of the ANOVA using rating [pleasant vs gentle (PG)], CS 

type (CS+ vs. CS-), and Trial Order (1st to 5th brushing event) as within-subject factors 

were used to determine if the pleasant and gentle facial ratings showed similar 

conditioning effects. The ANOVA indicated that the affective conditioning patterns 

were not significantly different for pleasant versus gentle ratings (Table 1): all levels 

of interaction terms containing PG were non-significant (all p values > .05; PG*CS, 
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PG*CS*Trial Order). Thus, both the pleasant and gentle ratings equally showed 

significant conditioning. This suggests that both the affective (pleasant) and 

sensory-related (gentle) components of brushing elicited in the transferal from soft 

touch to social (facial) stimuli are significant contributors to a conditioning effect. 

Finally, the efficacy of using two CS+ and two CS- faces, in addition to a 50% 

reinforcement schedule for CS+ faces, to eliminate contingency awareness of the US-

CS conditioning procedure was assessed. Conditioning did not appear to be influenced 

by contingency awareness, as post-study interviews showed that no participant 

reported an awareness of an association between the occurrences of brushing and any 

specific faces, nor between brushing and liking of specific faces, results that replicate 

those of many studies of affective conditioning (De Houwer et al., 2001) and of those 

found by Buchel et al. (1998) using a conditioning procedure similar to the current 

one. 

Taken together, then, various analyses demonstrate that soft brushing robustly 

induces affective conditioning, as indicated by both pleasant (affective) and gentle 

(sensory-related) ratings, without participant awareness.  

Effects of Opioid and Oxytocin Genotypes on Affective Conditioning 

Next, components of the ANOVA were used to assess the effect of OP and OT 

genotypes on touch-induced conditioning. Due to the relatively low frequency of the 

GG genotype, which is a common finding (Way & Lieberman, 2010), the OPRM1 

genotypes GG and GA were combined into one group to examine the effect of G 

allele. Similarly, for the OXTR gene, the AA and AG genotypes were combined to 

examine the effect of A allele. The entire sample of participants was used as one group 
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since the sample is very homogeneous in terms of age, sex, and socioeconomic 

background, and therefore no consistent effect on genotype frequencies across sample 

subgroups is expected. Some studies (Way & Lieberman, 2010) have found a higher 

frequency of the G OPRM1 allele in Asian compared to Caucasian populations. 

However, because of the small size of the Asian subgroup in the current sample (N=11 

of 68, 16%), an overall ANOVA model with ethnic group added as an additional 

variable to the current model did not have enough participants in all combinations of 

design cells, and thus could not be reliably estimated. In order to evaluate possible 

effects of ethnic group on affective conditioning, the same analyses performed above 

were run on only the Caucasian subgroup in the sample (57 of 68, 84%). The results 

were statistically not different as those derived from all participants, suggesting that, 

in this study, ethnic group did not influence affective conditioning. 

Analyses on the total group of participants showed that OP but not OT 

genotypes modulated conditioning. No main effect nor interaction of OT genotype 

was significant in the ANOVA (see Figures S1), indicating that OT genotype did not 

modify conditioning results [OT main effect: F(1,64) = 2.581; p> .05, partial η
2 

= 

.039; OT*CS: F(1,64) = 1.738; p> .05, partial η
2
 = .02]. In contrast, as shown in 

Figures 7B and 7C and Table 1, a significant main effect of OP genotype [F(1, 64) = 

8.246; p = .006, partial η
2
 = .114] showed that participants with GG/AG genotypes of 

the OPRM1 gene provided higher facial ratings than those with the AA genotype. 

Further, a two-way interaction between OPRM1 genotype and CS type [F (1, 64) = 

11.787; p = .001; partial η
2
 = .156] showed that this rating difference for GG/AG vs. 

AA genotypes occurred only for CS+ faces [F (1, 66) = 19.579, p < .001, partial η
2
 = 
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.229], but not for CS- faces [F (1, 66) = .007, p = .933, partial η
2
 < .001]. Thus, OP 

genotype specifically influenced ratings for faces that were paired with soft touch 

reward, and accounted for ~23% of the variance in conditioning. 

Effects of Opioid and Oxytocin Genotypes on the Development of Conditioning 

OP genotype also modulated the development of conditioning, as illustrated by 

a three-way interaction between OP genotype, CS type, and Trial Order [F (4, 256) = 

3.899; p = .004; partial η
2
 = .057], whereas OT genotype had no such influence [F 

(4,256) = .848; p > .05; partial η
2
 = .013]. As illustrated in Figure 7B, for the OP AA 

genotype, there was only a CS main effect for facial ratings [F (1, 45) = 61.278; p < 

.001; partial η
2
 = .577], but no Trial Order main effect [F (3.018, 138.638) = 1.247; p 

= .293; partial η
2
 = .027] nor CS*Trial Order interaction [F (4, 180) = 2.339; p = 

.057; partial η
2
 = .049], thus showing no development of conditioning across trials. In 

contrast, as shown in Figure 7C, in the OP GG/AG genotype group, in addition to a 

significant CS main effect [F (1, 21) = 40.181; p < .001; partial η
2
 = .657], there was 

a significant Trial Order main effect [F (2.009, 42.181) = 4.755; p = .002; partial η
2
 

= .185] and a significant CS*Trial Order interaction [F (4, 84) = 4.141; p = .004; 

partial η
2
 = .165].  

Further analysis of the OP GG/AG data showed that a simple main effect of 

Trial Order was evident only for CS+ [F (2.543, 53.412) = 7.585, p = .001, partial η
2
 

= .265] but not for CS- faces [F (2.534, 53.209) = .783, p = .489, partial η
2
 = .036]. 

Moreover, pairwise comparisons confirmed that facial ratings on trial 1 were 

significantly lower than on trials 2-5 (all p values < .05). Thus, ratings continued to 

increase across trials 1-5, but they were not significantly different after trial 2, as 
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indicated by no difference in facial ratings between combinations of trials 2-5 (all p 

values > .05).  

As shown in Figure 7D, these different patterns of development of 

conditioning as a function of OP genotype were further quantified by fitting curves to 

the means of facial ratings for CS+ faces across each of all five trials, with the 

baseline point included. Only the mean of the ratings was used for curve fitting, as 

only a description of the different patterns of development of conditioning in OP 

groups was intended, rather than an estimation of the variance of the curve fit. For 

both OP genotype groups, an inverse curve fit the means of the CS+ trial ratings 

significantly (p < .001 for GG/AG group; p = .003 for AA group), confirming a 

decelerating increase of ratings across trials, a pattern that is a hallmark of the process 

of conditioning over time (Graybiel, 1998; Holland, 1992). However, as shown in 

Figure 7D, in the OP AA genotype group, the curve leveled off quickly after the first 

brushing trial, while in the OP GG/AG genotype group, an asymptote was not 

approached until after trial 2. These findings together indicate a much stronger and 

more enduring process of conditioning over trials in the OP GG/AG group than in the 

OP AA group. 
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CHAPTER 4 

 

DISCUSSION  
Neutral contexts present at the time of the occurrence of naturally-rewarding 

stimuli become associated with that reward and lead to strong preferences for those 

contexts, a process known as affective associative conditioning. Such conditioning is 

thought to underlie in animals the formation of selective social bonds (Depue & 

Morrone-Strupinsky, 2005; Lim & Young, 2006) and, especially in humans, to serve 

as the basis of social memories that maintain those bonds over time and during periods 

of separation (Depue & Morrone-Strupinsky, 2005; Dunbar, 2010). Which 

mechanisms mediate human social bonding, however, remain unknown. 

The most effective and critical stimulus in the formation of mammalian pair 

and maternal-infant bonds is soft tactile stimulation (Dunbar, 2010; Keverne et al., 

1997; Fleming et al., 1994; Fleming et al., 1999), which elicits in humans pleasurable 

effects that are sufficiently strong to serve as a reward in affective conditioning to 

neutral contexts in both animals and possibly in humans (Ackerman et al., 2010; 

Baeyens et al., 1996; Dunbar, 2010; Feldman et al., 2010 Roth & Sullivan, 2006; 

Sullivan et al., 1991; Taira & Rolls, 1996). Exactly which neuromodulators mediate 

the effects of soft touch on human social bonding is not yet established. Soft touch in 

rodents and monkeys elicits release of OP and OT, both of which have effects on 

various processes relevant to mammalian social bonding. Though OT likely 

contributes to human social conditioning through effects on social cognition and 

interaction with the stress and reward systems, its rewarding properties per se have not 
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been demonstrated. In contrast, a great deal of evidence demonstrates that OP via 

primarily MORs mediate the positive reinforcing properties of OP and a wide variety 

of natural rewards and drugs, as well as the affective conditioning of maternal and 

contextual cues to reward (Roth & Sullivan, 2006; Sullivan et al., 1991). MORs also 

mediate the positive feelings and physiological quiescence induced by OP (Depue & 

Morrone-Strupinsky, 2005).  

On the basis of these differential associations, we hypothesized that OP plays a 

prominent role in the pleasurable rewarding effects of soft touch that are necessary for 

positive affective conditioning in humans, a process critical to the development of 

social bonds in animals. This form of conditioning is used as a standard index of 

whether a stimulus (e.g., soft touch) serves as a reward in animal studies of 

conditioned place- and mate-preference (Le Merrer et al., 2009; Lim & Young, 2006). 

In humans, it occurs in all sensory and cross-modal domains and with biologically 

significant stimuli (e.g., sweet food) in as few as one pairing of a neutral stimulus with 

reward (Bliss-Moreau et al., 2008; De Houwer et al., 2001).  

Therefore, we tested this hypothesis by using genetic variation in OP and OT 

to examine their relative contribution to soft touch-induced positive affective 

conditioning of a neutral human face. Participants were genotyped for polymorphisms 

in human mu-opioid (OPRM1) and OT receptor genes. The single nucleotide 

polymorphism A118G within OPRM1 is a gain-of-function variant, and is associated 

with several indicators of enhanced social attachment in monkeys and humans (Barr et 

al., 2008; Copeland et al., 2011; Higham et al., 2011; Troisi et al., 2011). The exact 

functional consequences of the intronic A-to-G substitution ploymorphism (rs53576) 
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within the OT receptor gene are unknown, but the variant A allele is thought to reflect 

a loss-of-function. The OT A allele has been associated in humans with reduced 

expression of nonverbal affiliative cues, parental sensitivity to toddlers, empathy, and 

prosociality (Bakermans-Kranenburg & van Ijzendoorn, 2008; Kogan et al., 2011). 

Soft Touch Mediates Human Affective Conditioning 

The results of the current study clearly demonstrate dissociation between the 

effects of OP and OT receptor genes on the affective conditioning to an affectively-

neutral human face. First, independent of genotypes, analyses demonstrated that the 

affective conditioning procedures, per se, used in this study, where affectively-neutral 

faces were paired with the unconditioned stimulus of soft touch, produced robust 

conditioning often after only one pairing of a face and soft touch, indicated by 

significantly increased pleasantness and gentle ratings of paired faces (i.e., CS+s) 

compared to unpaired faces (CS-s). Moreover, conditioning of CS+ faces showed a 

clear increase across brushing trials, demonstrating a robust development of 

conditioning across CS+-US pairings. And our procedures aimed at reducing 

conscious awareness of the association of particular faces with brushing, particularly 

the 50% reinforcement schedule and use of multiple CS+s and CS-s, were clearly 

effective as indicated by post-study questioning, and were consistent with the findings 

that conscious awareness is not necessary for affective conditioning to occur (De 

Houwer et al., 2001). Hence, the results indicate that soft brushing appears to have 

strong rewarding effects that are capable of mediating affective conditioning to a 

human face. This is consistent with previous human studies showing that touch reward 

could induce conditioned attention and liking to neutral odor (Baeyens et al., 1996; 
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Sullivan et al., 1991), and extends touch-induced affective conditioning to social 

stimuli. Further, in contrast to the unconditioned stimulus adopted in previous animal 

and human studies that mimic the touch experienced in socio-sexual relationships, 

such as maternal licking and grooming in rats, grooming in nonhuman primates, and 

massage in humans, the unconditioned stimulus in the current study was a brief soft 

touch that can be experienced both in close relationships and in friendly social contact. 

Thus, the demonstrated conditioning effect may provide an underlying mechanism 

through which touch promotes bonding and group coherence in all types of human 

relationships. In support of this idea, the fast acquisition of positive social perception 

towards unfamiliar neutral faces that were paired with soft brushing is in accordance 

with the observations that individuals who receive very brief touch behave more 

generous, compliant, and altruistic towards an unfamiliar person who provided the 

touch (Crusco & Wetzel, 1984; Guéguen, 2004 ; Gueguen & Fischer-Lokou, 2003; 

Hornik, 1992; Joule & Gueguen, 2007). Taken together, this human conditioning 

paradigm may thus be useful in further studies of the effects of soft touch in social 

bonding.  

Effects of Opioid and Oxytocin Genotypes on Affective Conditioning 

OP genotype clearly mediated individual differences in human affective 

conditioning. Participants with GG/AG genotypes of the OPRM1 gene provided 

higher facial ratings than those with the AA genotype, and this effect occurred only for 

CS+ faces, but not for CS- faces. Thus, OP genotype specifically influenced ratings 

for faces that were paired with soft touch reward, and accounted for ~23% of the 

variance in conditioning. OP genotype also modulated the development of 
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conditioning. Whereas the OP AA genotype showed no development of conditioning 

across trials, the OP GG/AG genotype group demonstrated a highly significant 

development of conditioning of CS+ facial ratings across brushing trials 1-5. 

Moreover, for both OP genotype groups, an inverse curve fit the means of the CS+ 

trial ratings significantly, confirming a decelerating increase of ratings across trials, a 

pattern that is a hallmark of the process of conditioning over time (Graybiel, 1998; 

Holland, 1992). However, in the OP AA genotype group, the curve leveled off quickly 

after the first brushing trial, while in the OP GG/AG genotype group, an asymptote 

was not approached until after trial 2. These findings together indicate a much stronger 

and more enduring process of conditioning over trials in the OP GG/AG group than in 

the OP AA group. 

The significant effects of OP genotype on touch-induced affective conditioning 

are consistent with an OP mediation of the rewarding property of soft touch (Depue & 

Morrone-Strupinsky, 2005; Machin & Dunbar, 2011). Previous animal studies have 

shown that endogenous OP release increased during bouts of social grooming in 

monkeys. In addition, exogenous OP agonists and antagonists administered to animals 

decreased and increased their need for touch and physical proximity, respectively. OP 

antagonists also blocked touch-induced conditioning in rat pups (Roth & Sullivan, 

2006). The OP mediation of reward encoding of soft touch is strongly implied in these 

animal findings, but have not been clearly demonstrated in humans until the current 

study. Importantly, the increased conditioning in the GG/GA OP group is consistent 

with research on the 118G allele of the OPRM1 gene that indicates 118G allele has 

gain-of-function, and is associated with an increased tendency to engage in social 
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affiliation and to experience social reward (Barr et al., 2008; Copeland et al., 2011; 

Troisi et al., 2011).  

Thus, taking the animal and human studies together, the current findings 

strongly suggest that MOR activation mediates touch reward and its conditioning 

effect in humans, and therefore contribute to an enhanced social bonding capacity in 

individuals with the 118G allele. Put differently, since MORs encode the rewarding 

value of soft touch, individuals with the G allele may be more sensitive to the 

rewarding effects of soft touch, an effect that would be manifested in their greater 

strength of affective conditioning, as observed in the current study.  

  In contrast to the strong effect of OPRM1 genotype on affective conditioning, 

genetic variance in the OT receptor gene (rs53576) had no significant effect on 

magnitude or development of conditioning. OT in animals and humans has been found 

to underlie several processes that enhance social affiliation, including stress 

attenuation towards social cues, enhanced social cognition, and orientation of reward 

systems towards social stimuli (Depue & Morrone-Strupinsky, 2005; Heinrichs & 

Domes, 2008; Simpson et al., 2014). Nevertheless, in humans, it has not been 

demonstrated that OT directly encodes the hedonic value of reward stimuli, and indeed 

studies demonstrate that OT does not significantly modify mood state – perhaps 

accounting for the lack of conditioning effects of OT genotype in this study, where the 

elicitation of pleasurable, rewarding effects of soft brushing is necessary for 

associative processes to occur.  

The facilitatory role of OT may be more predominant in the approach to (or 

initiation of) than in the consumption of social reward (Depue & Morrone-Strupinsky, 
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2005; Numan & Stolzenberg, 2009). OT release is increased and has important 

facilitating effects in the initiation of maternal behaviors and formation of pair 

bonding, but is not necessary for the maintenance of these affiliative behaviors. OT 

also interacts differently with DA and OP systems. With DA, the important 

neuromodulator for the appetitive phase of reward, OT projections to the VTA DA 

neurons enhanced DA release, and the activation of the DA system also increases OT 

release, suggesting a positive-feedback loop between the two systems that mutually 

facilitate the social approach for affiliation (Crowley, Parker, Armstrong, Wang, & 

Grosvenor, 1991; Numan & Stolzenberg, 2009; Parker & Crowley, 1992). On the 

other hand, in the case of OP, which is the main neuromodulator for the 

consummatory phase of reward, OT projections to β-endorphin neurons in the arcuate 

nucleus also increase OP release, but OP activation inhibits the OT system, indicating 

that the effects of OP in bringing affiliative interactions to a gratifying conclusion may 

involve suppressing the OT-facilitated initiation of affiliative behaviors (Depue & 

Morrone-Strupinsky, 2005; Moore & Depue, 2016).   

Taking the above discussion together, OT and OP may have a differential 

influence on different aspects of social bonding (Higham et al., 2011): the effects of 

OT may be crucial for social approach, which would encourage individuals to come 

together to experience OP-mediated social reward that encodes the positive hedonic 

properties of affiliative interactions. This is consistent with the significant OP effects 

but absence of OT effects observed in the current results, as the affective conditioning 

procedure used in this study mainly includes the reception/consumption of soft touch 
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reward, but does not include a strong stress component nor a high demand for social 

cognition.  

The current results must be tempered, however, by several methodological 

considerations. As with any genetic association study, the current results should be 

considered suggestive until replicated with larger samples. However, there are several 

aspects of the study that increase the reliability of its findings. First, most samples 

using candidate gene approaches have a median of 10 (positive results) to 27 (negative 

results) participants (Duncan & Keller, 2011), whereas the current study had a sample 

of N=68, thereby exceeding most candidate gene studies by 3-6 fold. Second, the 

selection of the OP and OT candidate genes was based on their strong empirically-

based relation to affiliative behavior, a basis that has also generated a theoretical 

framework for the effect of these genes in social bonding. Thus, the genes selected for 

study were theoretically- and empirically-determined on the basis of a robust 

formulation of their relation to social bonding processes, such as affective 

conditioning, rather than on the basis of simply being frequently studied. Third, in 

contrast to most candidate gene investigations which assess only correlations between 

genes and un-manipulated variables, our study adds to a line of experimental studies 

that illustrate the gain in power that comes from measuring theoretically-relevant 

quantitative processes under experimental conditions and from applying statistical 

models to test specific a priori hypotheses (Kogan et al., 2011). Indeed, in this study, 

OP genotype accounted for 23% of the variance in experimentally-measured affective 

conditioning, an effect size that well exceeds the range (5-10% of variance) expected 

for complex, polygenic traits (Barr et al., 2008). And finally, the current study 
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assessed two genes (OP and OT) that are relevant to soft touch and affective 

conditioning processes, and demonstrated a dissociation between the two that was 

consistent with our hypotheses based on empirical and theoretical grounds. Together, 

this fact, plus the large effect size of the OP genotype, suggest that the results are not 

due to random variation. 

Mechanisms Through Which OP May Influence Affective Conditioning 

The manner in which the OP genotypic enhancement of soft touch reward 

increases affective conditioning remains unclear. Our study indicates that the soft 

touch that induces affective conditioning represents a multifaceted phenomenon that 

includes both positive affective experience as well as specific sensory features (e.g., 

softness). The similar conditioning patterns for pleasant and gentle ratings found in 

this study suggest that both aspects of soft touch (affective and sensory) were 

transferred to neutral faces. These transferred affective and sensorimotor aspects 

subsequently facilitate the formation of a coherent social judgment of the CS, the 

character of which (e.g., gentleness) reflects the nature of the US (e.g., softness). This 

multifaceted affective association may well contribute to the diversity and complexity 

of social perceptions that are formed in relationships. The valence of a US that co-

occurs with a person may only inform the positive or negative dimension of the 

feeling that is formed about the person, but a comprehensive portrayal of the feeling, 

be it gentle, warm, sweet, elating, etc., on the positive side, or cold, bitter, heavy, 

painful, sapping, etc., on the negative side, depends on the specific sensory features of 

the paired unconditioned stimulus. Together, the affective and sensory components of 

soft touch combine to define the acquired nature of the conditioned stimulus.  
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The similar pattern of OP genotype mediation for both pleasant and gentle 

ratings of the conditioned stimulus suggests that the OP-enhanced reward encoding of 

soft touch may include multiple aspects of the unconditioned stimulus, extending from 

its affective features (e.g., pleasantness) to sensorimotor features (e.g., softness). Since 

MOR activation facilitates the encoding of the reward value of the unconditioned 

stimulus, the enhanced affective activation could deepen the sensory processing of the 

unconditioned stimulus in general. It has been well demonstrated that perception of 

emotional stimuli is enhanced (Brosch, Scherer, Grandjean, & Sander, 2013; Phelps, 

Ling, & Carrasco, 2006). Emotional stimuli draw attention faster and maintain it 

longer, thus facilitating their processing. In addition, sensory processing is also 

enhanced independent of attention. These effects have been reflected in enhanced 

brain activation in sensory cortex as well as a frontoparietal network involved in 

attention allocation. Although an enhancement of perception has not been studied in 

the tactile modality, it was demonstrated in more than one modality and in cross-

modalities (Brosch et al., 2013). Thus, it is possible that, in individuals who carry the 

G allele, an enhanced reward value of soft touch facilitated the processing of the 

unconditioned stimulus’ sensory features.  

In a similar vein, the calm and quiescent state induced by OP activation may 

enhance the sensation of softness specifically. Emotion not only facilitates sensory 

processing in general, but also biases the perception of mood congruent stimuli 

particularly. For example, happy individuals allotted more attention to rewarding 

stimuli, and happy mood specifically increased visual awareness of smiling faces 

(Anderson, Siegel, & Barrett, 2011), while the opposite patterns were observed in 
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depressive individuals whose visual perception is biased toward sad stimuli (Sterzer, 

Hilgenfeldt, Freudenberg, Bermpohl, & Adli, 2011). Consistent with the behavioral 

findings showing a mood congruent bias at automatic stages of sensory processing, 

brain imagining studies also showed stronger amygdala responses to unconsciously 

presented sad faces than happy faces in depressive individuals, while the opposite 

pattern was observed in healthy individuals who naturally are in mild positive moods 

when no strong emotional events are occurring (Diener, Kanazawa, Suh, & Oishi, 

2015; Suslow et al., 2010). If this mood congruent facilitation of perception can be 

generalized to other mood types and sensory modalities, it is then possible that the 

enhanced calm and quiescent state induced by MOR activation in individuals with the 

G allele may also facilitate tactile sensory processing of mood congruent stimuli, such 

as soft touch. Thus, the rewarding and quiescent effects of OP activation might 

enhance the sensory experience of soft touch both generally and specifically. These 

speculations would predict enhanced brain activation in touch-related sensory and 

anterior insular cortex in individuals with enhanced OP functioning.  

Taken together, OP activation may facilitate the affective and sensory 

experience of soft touch, and thus conditioning to stimuli. In addition to associating 

the bodily experience of the unconditioned stimulus to the conditioned stimulus, social 

judgment of a face in the affective conditioning procedure also requires translating the 

conditioned bodily feeling of the face to social perception, possibly through an 

embodiment process where the bodily feeling (e.g., softness) facilitates the activation 

of a more abstract social concept (e.g., gentleness). Thus, the effect of touch-induced 
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affective conditioning may also depend on the degree of such embodiment of bodily 

states to social concepts.  

Some evidence suggests that this embodiment has a developmental origin that 

can be greatly influenced by early soft touch experience. It has been suggested that 

abstract concepts emerge from an infant’s understanding of the physical environment 

(Mandler, 1992), and that the acquisition of conceptual knowledge is scaffolded by 

sensorimotor experience in early years (Williams & Bargh, 2008; Williams et al., 

2009). Through the scaffolding process, features of the abstract concept are mapped 

onto specific perceptual features of sensorimotor experience for the concept to be 

constructed (Fauconnier, 1997; Fauconnier & Turner, 2002). As a result, many 

abstract concepts leave a trace of the sensorimotor experience that scaffolded them 

during development, such as in warm personality, close relationship, and moral purity 

(Williams et al., 2009).  

The scaffolding and embodiment of abstract concepts also have a neural basis. 

Abstract concepts activate brain regions that process the respective sensorimotor 

experience that scaffold them. For instance, moral disgust activated medial and lateral 

OFC that was also activated by physical disgust (Moll et al., 2005), and social 

rejection pain activates the dorsal anterior cingulate cortex that processes physical pain 

(Eisenberger, Lieberman, & Williams, 2003). More generally, neural reuse theories 

propose that, during evolution and normal development, neural circuits are frequently 

reused to support higher cognitive functions without losing their original function 

(Anderson, 2010). This organizational principle of the brain may lay the neural 
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foundation of scaffolding abstract concepts based on early sensorimotor experience 

(Meier, Schnall, Schwarz, & Bargh, 2012).   

This scaffolding process is likely to operate during the sensorimotor 

experience of soft touch in early ages. For instance, almost every mother has 

instructed their infant to be gentle by touching others softly, exemplifying one 

occasion when gentleness is scaffolded from soft touch. In fact, early soft touch may 

be the most relevant early sensorimotor experience for scaffolding social concepts. 

Soft touch is mostly experienced in a social context. It frequently occurs in early 

mother-child interactions, and plays an essential role in communication. In face-to-

face interactions, even when a mother stops to respond visually and verbally, as long 

as maternal touch continues, infants’ cortisol levels, vagal tone, and communicative 

behaviors were similar to their levels during regular interactions (Feldman et al., 

2010). In addition, numerous emotions can be expressed through maternal touch 

(Hertenstein et al., 2009), and the social and emotional connotations of touch often 

exceed language expression (Dunbar, 2010). These findings imply that touch alone 

effectively communicates the essence of interaction, and thus may greatly enhance 

learning of relational concepts that are imbedded in social interactions.  

Further, soft touch activates brain areas that are essential for processing social 

information (Gordon et al., 2013). Such activation during prenatal and postnatal 

periods is thought to provide brain-expectant experience that is crucial for the 

development of the social brain (Bystrova et al., 2009).  

Hence, as the formation of social perception in touch-induced affective 

conditioning relies on embodiment of the soft touch experience that was conditioned 



 

52 

to the previously neutral face, another mechanism through which OP enhances touch-

induced affective conditioning may be its facilitation of the embodiment of physical 

experience of soft touch in informing social perception. During development, 

individuals with the OPRM1 118G allele may be more reactive to soft touch and thus 

its scaffolding of social concepts. As a result, even with similar intensity of touch-

induced interoceptive feelings, these individuals may more readily embody them to 

social judgment. At the neural level, such enhanced embodiment may be reflected by 

greater connectivity or co-activation between brain regions that are involved in 

processing interoception of touch and social perception. Therefore, OP genotype may 

facilitate soft touch induced affective conditioning through various mechanisms, from 

reward encoding of the unconditioned stimulus to forming a social perception to the 

conditioned stimulus, some of which may have a developmental origin.   

Implications of the Conditioning x OP Genotype Interaction for the Development of 

Social Bonding 

The demonstration of soft touch-induced affective conditioning illustrates a 

mechanism through which soft touch may play a critical role in the formation of social 

bonding. The pleasantness of the conditioned faces reflects the rewarding effect in 

general, while the gentle feeling towards the conditioned faces likely reflects the 

sensory features of soft touch, a feeling especially important for social coherence 

(Dunbar, 2010). The demonstration of OP mediation of soft touch-induced affective 

conditioning here has important implications for understanding the development of 

social bonding and the reward function that supports it.  
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Early postnatal activation of neural circuits results in long-term structural 

changes that support an enhanced functioning of the circuits. Upon activation, 

neuronal depolarization triggers various intracellular signal transduction pathways that 

mediate and modulate the expression of numerous genes that encode proteins 

important for structural changes, such as the survival of neurons, axonal and dendritic 

arborization, and synapse formation, maturation, and remodeling (Cline & Haas, 2008; 

Park & Poo, 2013), all of which support the function of the neural circuits. The 

structural development of neural circuits is further facilitated by growth factors, such 

as brain-derived neurotrophic factor (BDNF), glial cell line-derived neurotrophic 

factor (GDNF), and other neurotrophins, the secretion of which is also activation-

dependent (Park & Poo, 2013). Although these activation-dependent mechanisms that 

support neural structural formation have been illustrated mainly in sensory 

development, because of their generality, similar mechanisms are likely to operate in 

neural development of reward circuits. Thus, early experience of soft touch, such as 

affective touch provided by a caregiver, is likely to induce activation-dependent 

structural changes in the OP system through both direct depolarization of OP and 

MOR expressing neurons and enhancement of neurotrophic support for the developing 

OP system.  

During development, early enhancement of structural changes in neural 

circuits can be sustained through further mechanisms. The central nervous system 

possesses various self-perpetuating mechanisms (e.g., epigenetic modification) that 

regulate different steps in gene expression so that, even without further environmental 

input, the neural configurations that were enhanced by early experience can be 



 

54 

maintained (Bailey, Kandel, & Si, 2004; Hellstrom, Dhir, Diorio, & Meaney, 2012; 

Shorter & Lindquist, 2005; Sacktor, 2011; Shorter & Lindquist, 2005). In addition, 

other inhibitory mechanisms (e.g., maturation of inhibitory systems) are in operation 

to gradually create a non-permissive neuronal environment that impedes later 

experience to overwrite the original configurations. Together, these mechanisms 

sustain the neural networks formed during early developmental stages. These and 

other sustaining mechanisms may operate in the OP system to maintain the structural 

changes induced by early postnatal soft touch into adulthood.  

As a result, the enhanced structural configuration supports functional 

strengthening, making reward systems more sensitive to unconditioned stimuli, such 

as soft touch. In addition, through associative conditioning processes, a broader range 

of conditioned stimuli, whose discrete and contextual features are linked to 

unconditioned stimuli (e.g., facial features of a loving caregiver), are rendered 

rewarding by the strengthened system. Conversely, during development when 

plasticity levels are high, reacting to these conditioned rewards further aids the 

consolidation of activity-induced structural configurations. Eventually, the OP system 

of adult offspring that were raised in an early environment with enhanced soft touch 

would have higher sensitivity, thereby responding to a wider scope of stimuli more 

intensely and more frequently.  

In line with these hypotheses, rodent studies have found enhanced neural 

development of the OP system by early tactile experience. Adult rats that received 

increased maternal licking and grooming (a type of species-appropriate tactile 

stimulation that activates soft touch receptors) during early postnatal weeks had higher 
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levels of OP and MOR in reward circuits that contains OP or MOR expressing 

neurons, including the VTA, NAc, AMY, hippocampus, mPFC, and hypothalamus 

(Kiosterakis, Stamatakis, Diamantopoulou, Fameli, & Stylianopoulou, 2009), 

suggesting enhanced structural changes in the OP system. The enhanced neural 

development could support the function of the OP system for increased reward 

sensitivity, as higher levels of OP and MOR imply that more neurotransmitter and 

receptors are available to respond when reward stimuli are encountered. Consistently, 

in adult rats that experienced more soft touch during the early postnatal period, 

behavioral measures showed more reactivity to OP drugs and to comsummatory 

rewards (e.g., sweet liquid, food) that are mediated by OP.  

 Therefore, because OP mediates soft touch reward, early experience of soft 

touch likely activates and strengthens the OP system, leading to enhanced OP 

reactivity to soft touch. If this increased sensitivity appears in infancy, it could 

increase the reward an infant experiences from affectionate touch by a caregiver, and 

thus facilitate affective conditioning of the features of the caregiver. As a result, the 

infant’s attachment towards the caregiver may be strengthened. As infants become 

more mobile, they are more effective in approaching and obtaining touch reward. 

Individuals who are more sensitive to the rewarding feeling of touch may elicit more 

soft touch from their caregivers and, as their social realm expands, from other caring 

adults. These behaviors further increase touch-induced activation of OP system (and 

its strengthening) that facilitates social bonding. Meanwhile, more and more social 

stimuli are conditioned to be rewarding and their appearance alone may activate OP 
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system. Similar processes may continue as individuals grow, making them more 

affectively sensitive to social reward in adulthood.  

 In addition, as discussed above, early touch-enhanced OP sensitivity may in 

turn facilitate the processing of sensorimotor features of soft touch, their conditioning 

to conditioning stimuli, and their facilitation of scaffolding of abstract concepts that 

are related to the early touch experience. Therefore, individuals with enhanced OP 

functioning resulting from early soft touch experience would be more sensitive to the 

perception of the sensorimotor features of soft touch, and have a cognitive construct of 

self, others, and social experience that is more embodied, both characters would 

increase the likelihood that they perceive the scaffolded concepts (e.g., gentleness) in 

social interactions. Put differently, such individuals would be more cognitively 

sensitive to the social features that promote social bonding.  

Further, early experience of soft touch may not only strengthen the OP system 

in general, but also shift the OP system to be more sensitive to consummatory reward 

that is specifically related to touch and social bonding. It is likely that the rewarding 

effects of OP activation mediate the consummatory phase of many natural rewards 

from distinct sensory stimuli, such as taste, smell, soft touch, warmth, copulation, 

music, etc. Each reward has its own distinct neural pathway to reach the central OP 

system. When one type of reward frequently activates the OP system during 

development, the mechanisms that strengthen the OP system may also operate to 

strengthen the distinct pathway that leads to OP activation. Consequently, although 

different neural pathways activate the OP system, some may be more strengthened 

than others, and thus the OP system is more sensitive to some types of reward than 
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others. When the OP system may become enhanced by early experience of soft touch 

from a caregiver, the neural pathways for touch and relevant social stimuli to reach the 

OP system may be enhanced. This enhancement could lay a strong foundation of an 

OP-mediated capacity to experience reward from social stimuli.  

Taken together, individuals whose OP system is enhanced the by early soft 

touch experience may be more sensitive to touch and other bonding relevant social 

stimuli with enhanced affective and cognitive responsiveness, both facilitating the 

formation and maintenance of social bonding. In addition, compared to other types of 

consummatory reward, their enhanced sensitivity may be especially strong for touch 

relevant social reward.  

The above analysis emphasizes the importance of early experience. The 

sustaining mechanisms suggest that early experience would have strong effects on the 

development of a neural system, and as the system matures, later experience is less 

effective in influencing its structural configurations. Similarly, the scaffolding process 

happens in early years when abstract concepts are constructed from sensorimotor 

experience. Consistently, other ontogenetic events imply that touch may have a 

stronger effect during the early postnatal period. At the neural level, rodent studies 

showed that the OP system undergoes exuberant neural growth during the early 

postnatal period (days 1-28 in rodents). During this period, the neural blueprint laid 

down in prenatal development dynamically interacts with environment to establish 

patterns of synaptic connectivity between neural structures, and the development of 

the neural circuits appears to be highly sensitive to experience (Fox, Levitt, & Nelson, 

2010). At the behavioral level, human infants form attachment, the first and most 
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important bond, before the end of the first year, and display strong attachment 

behavior to maintain physical proximity with their attachment figures (Bowlby, 1983). 

In parallel, human infants are frequently carried by their mothers during the first years 

(Blois, 2005), and the frequency of affectionate maternal touch decreases as infants 

grow up (Ferber et al., 2008). These ontogenetic events suggest that infancy may be an 

important sensitive period for soft touch to enhance the OP system and, in turn, the 

bonding capacity in humans.  

The current results imply that genetic variance of the OPRM1 gene could 

strongly modulate the effects of early soft touch experience. Because at the molecular 

level the functional consequence of the structural change of MORs by the 118G allele 

is not yet clear, it remains to be elucidated how this genetic variance modulates the 

cellular responses of MOR-expressing neurons to environmental input. Nevertheless, 

as individuals with the G allele display enhanced touch-induced affective conditioning 

in this study, and scored higher in enjoyment of social reward (Copeland et al., 2011; 

Troisi et al., 2011), the overall neural activation of reward circuits that depend on 

MOR functioning seems to be enhanced by the 118G variant. Thus, the same dose of 

soft touch during the sensitive period of OP development may be more likely to 

induce activation-dependent structural and functional enhancement of the OP system 

in G carriers. Moreover, in individuals with the G allele, the enhanced touch-induced 

affective conditioning also renders rewarding properties to more conditioned stimuli 

that, in turn, activate the OP system more frequently. Further, their greater reward 

reactivity increases their tendency to elicit reward from the environment. As a result, 
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enhanced reward sensitivity caused by the OPRM1 118G allele is likely to facilitate 

the activation-dependent effects of early soft touch experience.  

Genetic modulation of environmental effects may also depend on the doses of 

early experience. Specifically, in an environment where the availability of early soft 

touch is limited, the G allele may possess a protective effect against low dose of 

environmental input. For examples, monkey infants with the homolog of the human 

OPRM1 G allele persisted in their distress vocalizations during a prolonged period of 

separation from their mothers, and spent more time in social contact upon reunion 

(Barr et al., 2008), both behaviors increasing the likelihood of receiving more touch. 

In humans, children who are G allele carriers had more enjoyment of parent-child 

interactions in families with a history of parental problems (Copeland et al., 2011), 

suggesting that the enhanced reward sensitivity may buffer the insufficiency of social 

reward in the early environment. As the dose of early soft touch increases, the 

abundance of social reward may override advantages of the G allele. Consistently, the 

same human study reported that the A118G variance did not have any effect on 

enjoyment of parent-child interactions in families without parental problems. Clearly, 

a single self-report measure is not sufficient to elucidate these complex gene–

environment interactions. Thus, multi-level measures are required to draw a 

comprehensive picture of the gene and environment interaction in the effect of early 

soft touch on the development of reward sensitivity and social bonding capacity. 

Conclusion 

In conclusion, as the first sense developed in the womb, soft touch greatly 

contributes to the nature of our social life, through its rewarding effect, conditioning to 



 

60 

social stimuli, and embodiment of social cognition. All these effects depend on the 

functioning of the brain OP system. Gene–environment interactions in soft touch 

facilitate the development of OP reward functioning, and thus influence various 

psychosocial processes that are essential for social development, including the 

formation of attachment, the constitution of self, the construction of working models 

extracted from the early relationship with a caregiver, and the development of trait 

affiliation.
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APPENDIX  

 

Figure 1S: Affective conditioning across five trials as a function of OXTR genotype subgroups 

A = participants with AA + AG genotype combined; B = participants with GG genotype. See 

text for details.
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