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ABSTRACT

Background: The relationship between the mind and skin has long been hypothesized
to exist as the brain and skin share an embryologic ectodermal origin and are affected
by similar neuro-hormonal factors. Neuropeptide Y (NPY) is often regarded as a
stress-mediated “resilience” peptide. As a pleiotropic factor, NPY exerts diverse
effects across many systems. Exogenous and endogenous stress may induce NPY
release, which may lead to enhanced immune response via lymphocytic proliferation.
In turn, both lymphocytes and macrophages produce NPY once activated. Scar
formation is regulated by macrophages; specifically, the M2 phenotype regulates
the repair process and scar outcome through the secretion of growth factors, which
encourages proliferation, angiogenesis, and fibroblast differentiation into collagen
secreting myofibroblast cells. However, excess collagen may lead to fibrosis. In this
study, we focus on three of NPY’s roles: the mediation of stress, the promotion of
angiogenesis, and its impact on the skin.

Objective: To investigate the relationship between keloid disorder, psychosocial
distress associated with ascribed status (social status assigned at birth), and NPY,
specifically its role in stress mediation, angiogenesis, and wound repair.

Method: A total of 37 (15 men, 22 women) Black, Hispanic, Asian, and White
volunteers with and without keloids participated in this current study. The risk group
consisted of keloid formers (8 males, 12 females) and the control group consisted
of non-keloid formers (7 males, 10 females). During intake, participants were asked
to provide information about their current health, income, and experience with
trauma/ discrimination as well as complete a 22-item Psychological General Well-
Being Index (PGWBI) and a 10-item Dermatology Life Quality Index (DLQI).
Following this, participants had 2 ml of blood drawn via venipuncture before and
after watching a stress-inducing video. NPY levels pre/post video were analyzed
using commercially available sandwich ELISA Kkits.
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Results: Preliminary results show a potential interaction
between gender, race, and keloid status, in which Black
men with keloid disorder showed a more exaggerated
response (increased NPY levels) to acute stress (stereotype
threat video) compared to Black women with keloid
disorder. Moreover, there was a positive correlation
between quality of life/stress and keloid status such that
subjects with keloids have a higher DLQI than subjects
without keloids (means of 4.40 vs. 2.65, p = 0.040).
Further analysis indicated a near significant difference
between all four groups (male/no keloid, male/keloid,
female/no keloid, female/keloid) and self-reported
overall health and PGWBI.

Conclusion: As anticipated, Black men with keloid
disorder showed a more robust response to acute stress,
and overall, participants with keloid disorder reported
more distress and lower quality of life associated with
having keloid lesions. To our knowledge, no research has
been done on the possible relationship between NPY,
stress, and keloid disorder. Future research should use
stricter inclusion criteria to control for confounds in order
to determine true significance of preliminary results.

Key Points: NPY has been shown to modulate
cutaneous and/or immune function. Preliminary results
show a potential interaction between keloid disorder
and gender that is mediated by NPY levels. This project
aims to raise awareness on the impact of psychosocial
conditions on symptomology as well as highlight the
importance of coordinating psychological services within
dermatological care for keloids.

INTRODUCTION

A keloid lesion is a fibrous tissue overgrowth of the
skin characterized by benign hyperproliferative growth
of dense fibrous tissue caused by the invasive growth
of keloid fibroblasts, a class of ‘activated’ fibroblasts
that stimulate proliferation and abnormal deposition
of extracellular matrix."! Keloid lesions can be painful,
pruritic, and are generally more common in darker
pigmented skin;* specifically, African American, Latin
American,' and Asian American? individuals. Moreover,
between 4% and 16% of darker pigmented individuals
report decreased physical and/or mental health due to
pain and disfigurement accompanying keloids.! Keloid
pathogenesis is inadequately understood, but it has been
associated with genetic and environmental factors.**
Manifestation of illness can extend beyond race and
attributed to epigenetic modification. Racial inequalities
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in health and healthcare have been extensively researched
and remain a long-standing topic of academic debate.>*’
Self-reported discrimination at the individual level has
been linked to a wide range of health issues such as elevated
blood pressure, breast cancer, preterm delivery/low birth
weight, and depression.® Krieger proposed the construct
of embodiment to describe how social inequalities shape
the biology of racialized groups as “no aspect of our
biology can be understood absent knowledge of history
and individual and societal ways of living.”® Gravlee®
argues that racial inequalities “become embodied” in the
biological well-being of racialized groups/ individuals as
the sociocultural reality of race and racism has biological
consequences for racially defined groups.

The prevalence of psychiatric co-morbidity among
dermatology patients is approximately 30-40%, which is
slightly higher than that of neurological, oncological, and
cardiac patients combined.” The relationship between
the mind and skin has long been hypothesized to exist
as the brain and skin have a common embryological
ectodermal origin and are affected by similar neuro-
hormonal factors.’

NEUROPEPTIDEY (NPY) AS POTENTIAL
BIOMARKER IN
KELOID DISORDER

NPY is a highly conserved 36-amino acid neuropeptide
abundantly expressed in both the central and peripheral
nervous system (CNS and PNS). As a pleiotropic factor,
NPY exerts diverse effects across many systems, e.g.,
cardiovascular, neuronal and immune, with distinct
actions centrally and peripherally.

In the CNS, NPY is anxiolytic and ant-epileptic,
inhibits sympathetic activity, and is hypotensive.'® Centrally,
increased NPY is associated with physiological resilience,
memory improvement, neurogenesis, and increased
performance during military training."' NPY enhances stress
coping abilities' and resilience to stress'? as it is abundantly
expressed in brain regions known for stress and emotional
regulation.”® Peripherally, NPY amplifies the stress response
and induces vasoconstriction through potentiation of
catecholamines through its Y1 receptor." There is not only
mounting evidence for the role of NPY as a mediator of
centrally mediated stress resilience,'* but also in the peripheral
mediation of chronic stress due to its effects on the immune
system and angiogenesis. NPY-dependent angiogenesis
plays a role in wound healing, vascularization in ischemia,
aging, and induces basic fibroblast growth factor (bFGF)
and vascular endothelial growth factor (VEGF) expression.'’

© KELOID RESEARCH FOUNDATION



ALISON T. TRAN, MA, ED M ET AL.

CAN KELOID LESIONS BE ASCRIBED? ”I.

In a recent study by Suarez et al., NPY along with 20
other biomarkers was screened via real-time quantitative
reverse transcription polymerase chain reaction (qRT-
PCR) and In-Cell Western blotting in tissue biopsies
and primary fibroblasts."* The NPY gene expression via
extracted total RNA from tissue biopsies of normal skin,
keloid skin, and hypertrophic skin enabled the analysis
of mRNA expression at the tissue and cellular levels.
mRNA levels were found to be down-regulated for NPY
biomarkers in keloid tissue biopsies, but PCR analysis of
NPY gene expression from primary fibroblasts showed
significantly higher expression of NPY in keloid tissue
(p < 0.5)." Though the mismatch between tissue mRNA
and cellular mRNA NPY expression may be surprising,
moderate and varied correlations illustrate that mRNA
expression is not entirely and perfectly predictive for
protein expression.'” Further, NPY protein expression in
primary fibroblast cultures by In-Cell Western blotting
showed comparable expression between normal skin
and NPY fibroblasts, but significantly less expression in
keloid fibroblasts compared with hypertrophic fibroblasts
(p < 0.05). The lack of expression makes sense as NPY
is preferentially secreted during times of intense stress,'’
which was not a condition examined.

This current pilot study examines NPY as a potential
stress indicator in blood specifically in relation to
the development of keloid disorder in the setting of
psychosocial distress.

Methods

This student capstone study was conducted with the
approval of the Institutional Review Board of Frank H.
Netter MD School of Medicine at Quinnipiac University,
protocol #04518.

Participants

A total of 37 (15 men, 22 women) Black, Hispanic,
Asian, and White volunteers with and without keloids
participated. The risk group consisted of keloid formers
(8 males, 12 females) and the control group consisted of
non-keloid formers (7 males, 10 females).

Inclusion and exclusion criteria

Criteria for selection included volunteers 18 years of age
or older, self-identified as Asian, Black, and/or Black
Hispanic/Latino, with a history of keloid disorder.

Quality of life questionnaires

During the intake, participants were asked to provide
information about their current overall health and
experience with trauma/ discrimination. They were
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also asked to complete a 22-item PGWBI measuring
six subscales (anxiety, depressed mood, positive well-
being, self-control, general health, and vitality) and a
10-item DLQI. Participants had 2 ml of blood drawn
via venipuncture before and after watching a stress-
inducing, 5-minute clip that demonstrated a case
of stereotype threat involving a police encounter as
individuals who experience stereotype threat cope with
anxiety and engage in self-regulatory behaviors such as
vigilance to threat-related cues. Subjects were informed
of the option to withdraw from the study at any point
and were debriefed shortly after watching the video due
to its possible distressing content.

ELISA

A commercially available Human NPY Sandwich ELISA
kit from Millipore (Cat. #EZHNPY-25K) was used to test
the blood samples for NPY levels. The limit of sensitivity
of this assay was 2 pg/mL NPY in a 50 pL sample size.
Enzyme activity was measured spectrophotometrically at
450 nm and 590 nm.

Statistical analysis

For statistical analysis, a Paired Samples t-test was used to
compare changes in NPY before and after stress inducing
video. The independent samples test (2-tailed) was
used to compare self-reported overall health, PGWBI,
and DLQI responses in control versus risk groups. The
univariate general linear model was used to test if stress
exposure affected NPY levels differently by ethnicity
and gender when ethnicity (Black vs other) and gender
were between subjects’ factors and time point (pre versus
post stress video) was a within subjects factor. In the
analyses we report the test statistic (t for t-tests and F for
general linear model), p-value, and standardized effect
size Cohen’s d. Effect sizes of 0.2, 0.5, and 0.8 or greater
were considered small, medium, and large, respectively.'®
All analyses were conducted in SPSS v25 and the alpha
significance level was set at 0.05.

Results

The participants demographic characteristics ~ are
shown in Table 1. Participants with keloids were similar
to participants without keloids on all demographic
variables. Most participants were under 30 years of age,
had a BMI level above the normal range (19-25), and an
income under $50,000.

Participants with keloids compared with participants
without keloids reported lower overall health (¢t = 1.73,
p = 0.09, d = 0.57, Figure 1) and scored significantly
higher in the DLQI (t = 2.14, p = 0.040, d = 0.72, Figure

KELOID RESEARCH. 2019 vor. 3 No. 1, SEPTEMBER 15
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TABLE 1: Demographics

Demographics No Keloid (n = 17) Keloid (n = 20) P-Value
Gender
ﬁf‘fale 10 (59%) 12 (60%) 942
e 7 (41%) 8 (40%)
Race
Black 11 (65%) 14 (70%) 732
Other 6 (35%) 6 (30%)
Age
18-30 9 (53%) 9 (45%) 748
31-40 4 (24%) 7 (35%)
Over 40 4 (24%) 4 (20%)
BMI
Mean + SD 33.8 +10.9 30.2 + 9.6 293
Income
< $10,000 5 (29%) 6 (30%) 254
$10,000-49,999 9 (53%) 6 (30%)
$50,000 + 3 (18%) 8 (40%)

2), where higher DLQI scores signify a larger effect on
the patients life. Scores of participants with keloids were
similar to those without keloids in the PGWBI (t = 0.88,
p =0.39, d = 0.30, Figure 3).

Overall, across all participants there was not a
significant change in NPY levels from pre to post stress
(t=0.09,d=0.02, p=0.93). Nor was there a significant
difference between keloid status from pre to post stress

Mean OVERALL HEALTH
N

No Keloid Keloid
KELOID
Error bars: + 1 SE

tests (F = 1.32, d = 0.38, p = 0.26). When including
race and gender in the model there were no statistically
significant interactions. However, there appeared to be
possible interaction effects as shown in Figure 4. Black
participants showed a tendency for greater change in
NPY after viewing the video and Black males with keloid
disorder tended to show more change than Black females

with keloid disorder.

Mean DLQI
w

No Keloid Keloid
KELOID
Error bars: + 1 SE

FIGURE 1: Mean Overall Health (+1 SEM) in Keloid vs
Non-Keloid Formers
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FIGURE 2: Mean DLQI (+1 SEM) in Keloid vs Non-Keloid
Formers
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FIGURE 3: Mean PGWBI (+1 SEM) in Keloid vs Non-Keloid
Formers

DISCUSSION

Immune function and angiogenesis

NPY secreted from nerve fibers in skin can modulate
cutaneous and/or immune cell function.'” In a positive
feedback fashion, exogenous and endogenous stress may
induce the release of NPY, which may lead to enhanced
immune response via lymphocytic proliferation;'” in
turn, both lymphocytes and macrophages produce NPY
once activated.” Macrophages regulate wound repair
and are responsible for re-vascularization and wound re-
epithelization mediated through their pro-inflammatory
M1 phenotype and anti-inflammatory M2 phenotypes."’
The M2 macrophage phenotype specifically regulates the

2 T = Black m Other

Male, No Keloid Male, Keloid Female, No Keloid Female, Keloid

GROUP

FIGURE 4: Mean Change in serum NPY protein by Keloid
Status, Gender, and Race
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repair process and scar outcome through the secretion
of growth factors, which not only encourages fibroblast
proliferation/differentiation into collagen secreting
myofibroblasts, but also angiogenesis.”” NPY has also
been shown to mediate growth and angiogenesis in

vivo*®'® mainly through its Y2 and Y5 receptors.'

NPY interacts with the HPA and SAS axis

The stress response is primarily mediated by two groups of
hormones: glucocorticoids (cortisol) and catecholamines
(norepinephrine and epinephrine). These hormones are
governed by the hypothalamic-pituitary-adrenal axis
(HPA) and the sympatho-adrenomedullary system (SAS),
respectively. NPY interacts with the HPA axis in both
the CNS and PNS in a reciprocal manner of regulation.
It has been suggested that increases in NPY within the
hypothalamus are implicated in the initial activation
of the HPA axis resulting in the release of cortisol
releasing hormone (CRH) from the paraventricular
nucleus (PVN), and reciprocally, glucocorticoids may
upregulate mRNA NPY expression in the arcuate
nucleus, which further strengthens the stress response."!
NPY, norepinephrine (NE), and ATP are co-transmitters
within the sympathetic nerves, but demonstrate
differential release; NE is preferentially released during
acute stress and for tonic sympathetic activation, while
NPY is favorably released during prolonged and/or
intense stress.'” NPY mediates the effects of both ATP
and NE in several ways. Post-synaptically, NPY causes
direct vasoconstriction by activating its Y1 receptors
in various regions of the cardiovascular system and
by indirect potentiation of the vasomotor contractile
functions of ATP and NE." Pre-synaptically, NPY
reduces sympathetic activation by dampening the release
of NE, ATP, and itself through its Y2 receptors.'® NPY’s
pre-synaptic Y1, Y2, and Y5 receptors were also found to
inhibit catecholamine synthesis.”!

Chronic stress regulator

Stressors elicit responses that enable an organism
to adapt to changing or threatening environments.
However, prolonged and/or severe stress can lead to
maladaptive responses within the stress circuitry and can
manifest as stress-related psychiatric diseases.'? Research
has underscored the effects of neuromodulators on
stress-related emotionality. Specifically, NPY has been
implicated as a stress regulatory transmitter in PTSD?*
and has been linked to mood altering disorders as
reduced CNS NPY levels are associated with anxiety,
depression, and PTSD in humans."”? In PTSD, CNS NPY

counteracts the activity of pro-stress NE and anxiogenic

KELOID RESEARCH. 2019 vor. 3 No. 1, SEPTEMBER 15
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cortisol releasing hormone (CRH).” In addition to
decreased CSF NPY concentration in combat veterans
with PTSD,?" baseline plasma NPY were found to be
reduced in volunteers with PTSD compared to those
without.” Further, NPY may play a role in resilience as
Yehuda and colleagues found significantly higher plasma
NPY levels in recovered individuals with a prior history
of PTSD compared to those without a prior history.**

NPY, stress, and skin

Extensive research has been conducted on the effects of
psychosocial stress/discrimination and hormones on the
physical body. Chronic experiences of stress may lead to
adverse health outcomes in the form of “stress-related
disease,” a term first coined by Hans Seyle.!! In an obesity
study conducted by Kim et al., NPY was found to play a
role in the pathophysiologic relationship between stress and
obesity, although stress itself did not cause obesity, which
highlights the importance of “NPY-by-stress interaction
studies.””  Glucocorticoids released during stressful
times stimulate NPY release, which leads to increased
appetite, feeding behaviors, and subsequent fat gain.”
No significant single nucleotide polymorphisms (SNPs)
were connected to obesity when SNPs were examined
without consideration of psychosocial stress. However,
NPY SNPs were significantly associated with obesity
phenotypes such as BMI, waist circumference, and visceral
adipose tissue (VAT) when psychosocial stress levels were
considered. Further, a role for NPY in the pathogenesis
of vitiligo has been proposed after elevated NPY levels
were found in skin depigmented by vitiligo®'” and in the
plasma of individuals with vitiligo,” indicating a possible
relationship between NPY, lymphocytic proliferation, and
subsequent melanocytic destruction."”

Current study

Evidence for racial inequalities in morbidity and mortality
across multiple biological systems is well documented.” At
the institutional level, racism affects access to care, differential
quality of care, and health outcomes.?® Considering racism’s
effects while recognizing that keloid lesions are more
prevalent in darker pigmented skin, an investigation of
NPY’s potential impact on keloid lesion and its ability to
serve as a marker of stress prompted this study.

Our hypothesis of a race and gender effect in stress
response via increased NPY (and in keloid-prone
individuals) was inspired by previous research showing
evidence for gender- and race-related differences in
response to police-related stereotype threats, in which
Black men experienced the most stereotype threat
measured in anticipated anxiety and self-regulatory
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efforts such as the effort to avoid “suspicious” behavior.”’

Our finding of a potential gender and race interaction
effect with Black participants showing more change in
NPY and Black males with keloid disorder showing
more change than Black females with keloid disorder
may be clearer if we were able to statistically control for
differences in medication therapy (immunosuppressant),
history of surgical removal and/or various therapies
(injection, cryotherapy, etc.), and BMI (increased
expression of NPY in adipose tissue).

The relationship between disorders
and decreased quality of life is supported by many
psychodermatology studies.”” "> As expected, and in line
with extant literature, those with keloid disorder scored
significantly higher on the DLQI index, indicating more
distress and lower quality of life associated with having
keloid lesions.** Keloid lesions can be pruritic, painful,
and enhance over time. Depending on the location of
the keloid lesions, it may be conspicuous and may lead
to lower self-esteem/confidence and social isolation.
Moreover, participants with keloids, compared to
participants without, reported lower overall health, which
may be attributed to having a chronic inflammatory skin
condition. There isalso evidence for the negative correlation
between inflammatory conditions and quality of life, with
some studies showing a connection to depression.*

On the contrary, there was no significant difference
found for overall psychological well-being measured
by the PGWBI scale, perhaps because it is a general
well-being index rather than a dermatologic-specific
one. Besides measuring subjective well-being, the scale
purports to measure subjective distress stemming from
affective/emotional states (anxiety and depressed mood).
However, the DLQI more specifically examines quality
of life as it relates to cutaneous disorder. It is possible
that participants with keloids report lower quality of life,
but do not necessarily experience clinical anxiety and/
or depression. Further, barriers such as mental health
stigma, exacerbated by cultural and cognitive views,
has been shown to be more prominent in ethnic/racial
minority populations.” These barriers may lead to denial,
avoidance/reluctance, or downplay of severity as well as
underutilization of mental health services.

By 2044, the “minority” races will together become
the majority in the United States.* Thus, it is imperative
not only to understand and recognize how dermatologic

cutaneous

conditions manifest in skin of color, but also to consider
psychosocial factors in patient symptomatology given
the extent of psychiatric comorbidity in dermatologic
settings. Further, we encourage collaboration amongst

© KELOID RESEARCH FOUNDATION



ALISON T. TRAN, MA, ED M ET AL.

CAN KELOID LESIONS BE ASCRIBED? ”I.

providers to include psychiatry, psychology, mental
health, and social workers in order to promote longevity
of care to dermatologic patients who may need long-
term mental health surveillance. This collaboration will
also allow for continuity of care by ensuring smooth
transitional care.

Limitations

One limitation of this current study is the small sample size,
which is partly due to limited student capstone budget.
Another limitation is the lack of strict inclusion criteria
to include only those with current keloid lesions, not on
medication management, and with no history of surgical
removal of lesions in order to truly examine the impact of
NPY stress-mediated release on keloid disorder. Caution
is needed regarding the generalizability of findings as the
potential relationship examined is stress associated with
ascribed status. Though discrimination based on ascribed
status is objective behavior, perceived distress associated
with the perception of discrimination is subjective and
is contingent upon the individual interpretation and
internalization of such events. Several factors that may
contribute to stress level of our volunteers include: age
at presentation, age of onset of keloid disorder, extent of
keloid involvement of the skin (i.e., staging of the disease),
presence or absence of clinical symptoms from keloid (pain,
pruritus), success or failure of prior treatments, location
of keloid lesions, family history of keloids (anticipation
of developing keloids in a young person born to parents
with keloids), and financial status of the patient, which
was collected as part of demographic intake survey. These
factors should be incorporated into future studies.

Future Directions

To our knowledge, no research has been performed
on the possible relationship between NPY and stress
in keloid disorder. Future research should use stricter
inclusion criteria to control for confounds in order to
determine true significance of preliminary results. As
such, future research should consider replicating this
study by examining stress induced NPY with a more
refined sample. Another alternative study, one which is
currently underway, is to assess for co-released substances
that accompany NPY in the PNS such as cortisol. The
potential for the examination of other biomarkers
associated with keloid disorder such as TGF-B in the
setting of NPY release should be considered. As for social
advocacy, there is potential to lobby on behalf of keloid
formers who cannot afford insurance coverage if there is
explicit evidence for the role of NPY-mediated stress in
keloid formation.

© KELOID RESEARCH FOUNDATION
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