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Abstract
Chronic non-healing wounds are a growing clinical burden, impacting 6.5 million
patients in the United States alone (Sen et al., 2009). A variety of cells take part in the complex
process of wound healing, which includes stages such as inflammation, re-epithelialization and
maturation. T cells help mediate this process by secreting cytokines, growth factors and
activating other cells to infiltrate the region. Two major subtypes of T cells reside in the skin:
those expressing an αβ T cell receptor (TCR) chain and those expressing a γδ TCR chain on their
cell surface. αβ and γδ T cell receptors recognize unique ligands and thus cells that express these
receptors are likely to have different roles in immunity and homeostasis, yet those specific
functions are not well known especially in humans. The goal of this study is to develop a method
of cellular isolation and characterization for future studies to analyze T cell populations present
in the skin. This will allow better understanding of the common and distinct roles played by αβ
and γδ T cells in skin immunity and tissue repair. Currently there is intense research in
elucidating the specific function of αβ and γδ T cells in human skin (Cruz, Diamond, Russell, &
Jameson, 2018). Developing methods of isolation and characterization will allow new avenues
for research and will further elucidate the specific roles of αβ and γδ T cells in human skin
surveillance and wound repair.
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Introduction
T cells are a subset of white blood cells called lymphocytes, which can be identified by
the expression of a T cell receptor (TCR). About 95% of T lymphocytes circulating in the blood
express an αβ TCR, while the remaining 1-5% express a γδ TCR (Carding & Egan, 2002).
Interestingly, γδ T cells are considerably more prevalent in barrier tissues such as the skin and
the intestine where they can make up to 50% of the T cells (Carding & Egan, 2002). αβ and γδ
TCRs are used by the cell for proper activation, differentiation and specialized function in order
to recognize and respond to infected, stressed or damaged cells (Bonneville, O’Brien, & Born,
2010; Mescher et al., 2006; von Boehmer, 1994). For the maturation of highly specialized αβ and
γδ T cells, their development is regulated by various receptor-ligand interactions, trophic factors
and transcriptional signals (Koch & Radtke, 2011; Mescher et al., 2006).

Development of αβ and γδ T lymphocytes
All T lymphocytes undergo an extensive selection process resulting in the full
commitment to an αβ or γδ T cell. T cells start as hematopoietic stem cells residing in the bone
marrow where they develop into common lymphoid progenitors (Koch & Radtke, 2011). When
the common lymphoid progenitor (CLP) is stimulated by interleukin-7 (IL-7) it will follow the T
or B cell lineage; it is not until the CLP expresses regulators Notch-1 and GATA-3 that it
commits to the T cell lineage (Koch & Radtke, 2011). Notch-1 inhibits other potential cell fates
such as B cells and dendritic cells while GATA-3 helps in the differentiation of early thymic
progenitors (Koch & Radtke, 2011). This early T cell precursor travels to the thymus where more
than 90% of T lymphocytes undergo apoptosis due to positive and negative selection (Koch &
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Radtke, 2011). During this process, self-reactive cells are eliminated while properly reactive T
cells survive (Koch & Radtke, 2011).
Once in the thymus, all T cells continue development as double negative (DN, meaning
CD4- and CD8- which are co-receptors that assist in the signaling of the T cell receptor) common
multipotent precursors that lack a TCR (Burtrum, Kim, Dudley, Hayday, & Petrie, 1996; Porritt
et al., 2004). During the double negative 1 (DN1) stage, cells will initiate rearrangement of TCRs
through variable, diversity, and joining (VDJ) gene segment recombination, which progresses
into DN2 (Porritt, Gordon, & Petrie, 2003). In the DN2 stage, T cells are fully committed to T
cell development by losing their ability to develop into natural killer and dendritic cells (Allman
et al., 2003). In the DN3 stage, T cells continue rearrangement of either the β-chain to produce a
pre-αβ TCR or, γ- or δ-chains leading to a complete γδ TCR (Burtrum et al., 1996). It is in this
DN3 stage that γδ T cell development becomes separate from αβ T cell development. γδ T cells
become committed in the DN3 stage when the γδ TCR becomes expressed. αβ T cells also
become committed in the DN3 stage with rearrangement of the β-chain. In the DN4 stage αβ T
cells undergo rearrangement of the mature α-chain and express both CD4 and CD8 receptors,
becoming double positive (CD4+ and CD8+) (Porritt et al., 2003). The double positive αβ T cell
will eventually become single positive for either CD4 or CD8, depending on which major
histocompatibility complex molecule (MHC) it recognizes, while strongly self-reactive T cells
will undergo apoptosis (Klein, Hinterberger, Wirnsberger, & Kyewski, 2009). This process
results in fully functional αβ and γδ T cells allowing for self-tolerance and accurate activation
when confronted with pathogens.
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Differences between αβ and γδ T cell activation
αβ and γδ TCRs differ in how they recognize antigens. While αβ TCRs rely on MHC
presentation of peptides, γδ TCRs seem to recognize antigens in a manner that is more similar to
antibody-antigen interactions (Adams, Gu, & Luoma, 2015). The αβ TCR is composed of two
glycoprotein chains that work together to recognize specific peptides presented on MHC (von
Boehmer, 1994). These peptides are derived from pathogens, processed intracellularly and
displayed on the MHC of antigen presenting cells (APC) (von Boehmer, 1994). CD4+ αβ T cells
function as helper or regulatory T cells, which regulate other immune cells during an immune
response while CD8+ αβ T cells function as cytotoxic T cells that lyse infected cells (Morita et
al., 1999). CD8+ αβ T cells recognize peptides presented by MHC I, while CD4+ αβ T cells
recognize peptides presented by the MHC class II (Germain, 2002). MHC class I bound peptides
are derived from intracellular proteins while MHC class II peptides are derived extracellularly
(Germain, 2002). Full activation and functionality of the αβ T cell requires three progressive
signals: TCR ligation, co-stimulation and cytokine signaling (Curtsinger et al., 1999). These
signals are essential for full functionality of the cell; without proper signaling there is a lack of T
cell function, differentiation, proliferation and survival (Mescher et al., 2006).
The antigen recognition process by γδ T cells differs from that of αβ T cells in several
ways. Although less is understood about γδ T cell activation, it is known that the γδ TCR is
required (Bonneville et al., 2010). The γδ TCR is composed of a γ-chain and a δ-chain that form
a different angle between the variable and constant domain compared to the αβ TCR (Allison,
Winter, Fournié, Bonneville, & Garboczi, 2001). Unlike αβ T cells, γδ T cells do not require
MHC peptide presentation (Bonneville et al., 2010). Some γδ T cell populations are able to
become activated through the recognition of atypical antigens, such as phosphoantigens

7
(Bukowski, Morita, & Brenner, 1999; Bürk, Mori, & De Libero, 1995). For example, upon
infection with Mycobacterium tuberculosis, γδ T cells expressing the Vγ9Vδ2 TCR recognize
phosphoantigens in a TCR dependent manner upon cell-cell contact (Rojas, Torres, Fournie,
Harding, & Boom, 2002). This Vγ9Vδ2 T cell population can also be activated by
phosphoantigens in the absence of APCs when infected with M. tuberculosis (Rojas et al., 2002).
Other γδ T cell populations recognize foreign lipid antigens through CD1 molecules, which are
present on the surface of immature dendritic cells and B cells (Spada et al., 2000). Some have
hypothesized that particular populations of γδ T cells recognize a “self” antigen that is
upregulated upon stress or damage of neighboring cells (Bonneville et al., 2010). Although γδ T
cells recognize antigenic molecules through their TCR, the entire repertoire of molecules the
TCR can potentially recognize has yet to be defined. Due to the difference in antigen recognition
between αβ and γδ TCR there is speculation that each T cell subset plays a unique function in
immunity.

αβ and γδ function in humans
Subsets of αβ T helper (Th) cells secrete specialized cytokines which are associated with
the recruitment/activation of slightly different immune cell populations (Fietta & Delsante,
2009). Specifically, type 1 T helper cells (Th1) fight intracellular pathogens such as bacteria and
viruses by activating macrophages through the secretion of interferon gamma (IFNγ) (Fietta &
Delsante, 2009). Type 2 T helper cells (Th2) secrete a cytokine profile that includes IL-3, IL-4,
IL-5 and IL-13 to counteract extracellular parasites (Fietta & Delsante, 2009; Zheng & Flavell,
1997). Th1 and Th2 T cells induce humoral immunity by activating B cells to produce a specific
isotype of antibody (Fietta & Delsante, 2009; Zheng & Flavell, 1997). A third subset of αβ T
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cells, T helper 17 cells (Th17), are important for secreting IL-17 to recruit neutrophils that
protect against extracellular bacteria and fungi (Korn, Oukka, Kuchroo, & Bettelli, 2007). While
CD4+ αβ T helper cells play a major role in regulating other immune cells during an immune
response by producing cytokines, CD8+ αβ T cells directly lyse infected or damaged cells upon
infection or injury.
CD8+ αβ T cells, also known as cytotoxic T cells, can recognize specific antigens on cell
surfaces, and subsequently kill that cell (Richmond & Harris, 2014). Upon infection, CD8+ T
cells become activated and expand to destroy infected cells via perforin/granzyme-induced
apoptosis (Kaech & Wherry, 2007). Both cytotoxic and T helper αβ T cells contribute to fighting
pathogens while also maintaining immunological tolerance.
γδ T cells recognize a wide variety of peptide and non-peptide antigens released by
stressed, damaged, malignant or infected cells. For example, when humans are infected with the
herpes simplex virus, γδ T cells expressing Vγ9/Vδ2 become activated causing an expansion of
γδ T cells in the blood (Bukowski, Morita, & Brenner, 1994). This circulating Vγ9/Vδ2 T cell
population also recognizes and responds to bone marrow-derived tumor cells such as T cell
lymphoma MOLT-4, B cell lymphoma RPMI-8233 and erythroleukemia line K562 (Gober et al.,
2003). Abnormal cells, such as tumors and virus-infected cells, release as yet unidentified stress
molecules that are recognized by γδ T cells and induce them to perform their varied functions
(Ferrarini, Ferrero, Dagna, Poggi, & Zocchi, 2002).
γδ T cells bearing the Vδ1 TCR chain are found in barrier tissues serving more of an
immune surveillance role by recognizing stress-induced self-antigens from neighboring cells
(Attaf, Legut, Cole, & Sewell, 2015). For example, γδ T cells in the intestine recognize MHC
class I polypeptide-related sequence A (MICA) and B (MICB) (Spies, 2002). Skin γδ T cells
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recognize antigens and stress-induced molecules such as CD1 antigens presented by dendritic
cells (DC), MICA, MICB, and non-peptide metabolites of isoprenoid biosynthesis (Allison et al.,
2001; Bukowski et al., 1999; Bürk et al., 1995; Spada et al., 2000). This is important as it helps
with the detection of pathogens and maintenance of skin homeostasis.

αβ and γδ T cell in the skin
Skin serves as the primary barrier against pathogens and toxic chemicals, it regulates
physiological pathways and contains a network of nerve cells that detects environmental
changes. Immune cells interact closely with keratinocytes to maintain skin homeostasis and
rapidly induce an immune response if necessary (Haase, Evans, Pofahl, & Watt, 2003). αβ and γδ
T cell populations both reside in the skin. In the mouse, αβ T cells are often recruited to the site
of injury, while γδ T cells persist as a resident skin population (Asarnow et al., 1988). In human
skin, both αβ and γδ T cells are found in the epidermal and dermal compartments, but less is
known about which populations are resident and which populations are recruited (Ferran et al.,
2013; Watanabe et al., 2015).
T cells in human skin express cutaneous lymphocyte-associated antigen (CLA+) skin
homing receptors (Ferran et al., 2013). The expression of CLA in T cells allows migration to the
epithelia (Ferran et al., 2013). For this reason CLA expression is less common on T cells isolated
from the blood (Clark et al., 2006; Toulon et al., 2009). αβ and γδ T cells in the skin have
similar CLA expression levels suggesting both populations play a role in immune surveillance in
the skin (Toulon et al., 2009). In addition, CLA+ T cells in human skin express the chemokine
receptor CCR6, while keratinocytes, dendrites, and endothelial cells express the CCR6 ligand,
CCL20 (Homey et al., 2000). This implies that neighboring cells play an important role in
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selective recruitment of activated γδ T cells into the skin with CCL20 during inflammation
(Ebert et al., 2006; Paradis, Cole, Nelson, & Gladue, 2008).
The recruitment and proper functionality of T cells in the skin is crucial for proper wound
healing and maintaining skin homeostasis. T cells partake in the early stages of the wound
healing process by secreting cytokines and growth factors (Toulon et al., 2009). For example, αβ
and γδ T cells in human skin constitutively produce Insulin-like Growth Factor 1 (IGF-1), which
regulates morphology and migration of keratinocytes (Sharp, Jameson, Cauvi, & Havran, 2005;
Toulon et al., 2009). Supporting this, T cells isolated from chronic wounds show a decreased
level of response upon activation suggesting they play a role in the rate of wound healing
(Costanzo et al., 2015; Toulon et al., 2009). While αβ and γδ T cells clearly have functional roles
in skin homeostasis and immunity, the mechanism by which this occurs is still unclear.

Gene expression of αβ and γδ T cells in human skin
A comprehensive study of αβ and γδ T cells and their specific roles in skin immunity and
homeostasis has been difficult because of the inability to isolate sufficient numbers of cells from
human skin. Previously, the methods available allowed for the isolation of only a few T cells and
once isolated, the expression of skin-homing markers was lost (Clark et al., 2006). Due to the
difficulty in working with human skin, many studies focused on the murine system to examine
αβ and γδ T cell function in the skin. Only γδ T cells reside in the murine epidermis and they are
called dendritic epidermal T cells (DETCs). These cells express the Vγ3Vδ1 TCR and play a
crucial role in maintaining epithelial homeostasis by responding to tissue damage and stress
(Hayday, 2009; J. Jameson et al., 2002; Ziegler, Skeen, & Pearce, 1994). Mice deficient in γδ T
cells exhibit a delay in wound healing at least partly due to a reduction in keratinocyte growth
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factors (KGFs) normally secreted by skin resident γδ T cells (J. M. Jameson, Cauvi, Witherden,
& Havran, 2004; J. Jameson et al., 2002). Skin-resident γδ T cells in mice also secrete
chemokines, signaling the migration of αβ T cells to the skin (Boismenu, Feng, Xia, Chang, &
Havran, 1996). Even though αβ T cells are found in the murine dermis, keratinocyte homeostasis
requires γδ T cells but not αβ T cells (Sharp et al., 2005; Taylor, Costanzo, & Jameson, 2011).
Although differences have been elucidated between αβ and γδ T cells in murine
barrier tissues (Table 1) (Girardi, 2006), translational studies are necessary to better understand
αβ and γδ T cell function in the homeostasis and repair of human skin.

Table 1: Comparison of αβ and γδ T cells in mice

Comparison of αβ and γδ T cell features in murine barrier tissues. Studies have elucidated
similarities and differences between αβ and γδ T cells (Girardi, 2006).

To better understand the differences and similarities in functionality between human
skin-resident αβ and γδ T cells, it is essential to understand which genes are expressed by each
population. By determining which genes are expressed in αβ and γδ T cells in human skin, we
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can better understand how these subtypes of T cells promote skin immunity and surveillance. For
example, similar gene expression patterns will suggest conserved functions between αβ and γδ T
cells in human skin, while differential gene expression may be indicative of unique functions of
αβ and γδ T cells in skin homeostasis and surveillance.
In the past, microarrays were used to measure gene expression levels in murine epidermal
γδ T cells (Taylor et al., 2004). This technology has become important in answering numerous
questions in the field of biology such as analyzing gene expression between diseased and healthy
tissue and between subsets of cells (Jones & Arvin, 2003). Jones et al. assessed gene expression
of Varicella-Zoster virus (VZC) in infected T cells through Microarrays and detected 373 T cell
genes to be altered upon infection (Jones & Arvin, 2003). Although microarray technology is a
popular approach for gene expression, it has several limitations. For example, there is a limit in
the accuracy of expression measurements due to background hybridization and there are
limitations for the analysis of genes for which probes are not designed (Zhao, Fung-Leung,
Bittner, Ngo, & Liu, 2014). RNA-sequencing is proving to be a pivotal replacement for
microarray technology in gene profiling. RNA-sequencing provides greater sensitivity than
microarray technology, does not rely on probe selection, has a greater dynamic range, and
distinguishes regions that have close homology within the same gene family (Cloonan et al.,
2009; Shendure, 2008).
There are a few hurdles to overcome in order to achieve RNA sequencing between skinresident αβ and γδ T cells. First, enough viable cells must be obtained. Secondly, pure
populations of αβ and γδ T cells must be isolated for RNA extraction. Achieving both tasks will
be more feasible with αβ T cells compared to γδ T cells since αβ T cells are more abundant in
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human skin. Therefore, my project will focus on this population first which will help establish
the proper techniques for the final goal of RNA sequencing for both αβ and γδ T cells.
The aims of my project are to 1.) improve upon the already established human skin
explant culture protocol in the Jameson laboratory to achieve a higher cell yield 2.) establish a
MACS cell isolation protocol for αβ T cell populations with a purity greater than 95% 3.)
evaluate a method of RNA extraction from populations with a purity greater than 95%. In order
to evaluate this set of protocols in the skin to T cells from other tissues, T cells were isolated
from blood samples as well. I established a set of protocols that allows for high yield of skin
resident and circulating αβ T cell, which can be applied for future comparisons between skin and
circulating T cells in order to elucidate functions specific to human skin T cells. Although this
first set of protocols focuses on αβ T cells, γδ T cells were also examined to provide data for
future protocol improvements. This study provided an insight into the number and ratio of γδ T
cells to αβ T cells isolated from human skin explant cultures and whole blood. This project has
established novel protocols and improved the cell yield for future studies investigating skin αβ
and γδ T cells.
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Human skin explant cultures & whole blood samples
Aim 1. Increase the yield of αβ and γδ T cells isolated from human skin using an improved
human skin explant protocol. I hypothesized that by expanding upon the previous skin explant
culture protocol, I could improve the T cell yield and purity to provide enough cells to extract
RNA and perform RNA-seq. The new protocol for the skin explant culture is described herein
and includes the addition of freshly prepared media with Interleukin-2 (IL-2) and IL-15 to
achieve a better expansion and proliferation of T cells, while maintaining skin homing markers
(Clark et al., 2006). T cells obtained from the human skin explant cultures (HSEC) and
peripheral blood mononuclear cells (PBMC) from human whole blood where then used for the
second aim.

Materials and methods
Human skin samples
The Institutional Review Board of California State University, San Marcos, approved this
study (893741-1 & 893741-2). Abdominal skin samples (n=5) from healthy patients were
obtained through the Cooperative Human Tissue Network (CHTN), a center that provides access
to human tissue for research in academia and industry. CHTN obtained consent from the subjects
and complied with federal human subject regulations. Patients included in this study were nondiabetic, not on immunosuppressive drugs, had a BMI below 30 and were of varied age (Table
2). These conditions resulted in data that represent conditions of normal skin.
Culture media
The culture media was composed of RPMI-1640 (Corning Inc., VA) with 10% heatinactivated fetal bovine serum (Omega Scientific, CA) which provided nutrients and growth
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factors for the skin explant culture, 1% Penicillin Streptomycin Glutamine (PSG) which
provided antibiotics, 1% 100mM Sodium Pyruvate which served as a carbon source, 1% 100x
non-essential amino acids which helped in cell growth, and 100U/ml IL-2 and 20ng/ml IL-15
which helped in the proliferation and differentiation of T cells in the explant culture.
Human skin explant culture (HSEC)
Sterile 9-mm x 9-mm x 1.5-mm matrices disks (Cytomatrix Pty Ltd) were prepared with
a solution of 50μg/mL Matrigel in Dulbecco’s phosphate buffer solution 1X (DPBS) (Corning
Inc., Manassas, VA). Samples were shipped on ice from the Cooperative Human Tissue Network
(CHTN) and processed within 24 hours. Upon arrival, the sample was washed and kept in RPMI1640 (Corning Inc., VA) with PSG 1x (Gibco Inc., Carlsbad, CA). 6-mm punch biopsies were
taken from the sample and plated on the surface of each aforementioned matrices disk and
allowed to adhere to the disk. Each disk was plated with two punch biopsies in each well in a 24well culture plate (Corning Inc., NY) and submerged in 1.5 ml of the prior mentioned culture
media for 21 days at 37°C and 5% CO2 (Figure 1). Media was changed every 2 days, replacing
half of the culture media with fresh culture media. On every feeding day, IL-2 and IL-15 was
added fresh to the cell media. During the 21 days, the skin resident T cells migrated out of the
skin explants and onto the bottom of the culture wells (Clark et al., 2006).
Harvesting cells from skin explant culture
Cells were harvested on day 21 because T cell yield/number is the greatest at this time
point of the explant (Clark et al., 2006). The culture media was collected along with the cells.
PBS containing 2 mM EDTA was used to detach the remaining cells attached to the bottom of
the plate. After collecting cells from the culture, they were washed with RPMI-1640,
resuspended in 6ml of the previously described culture media and underlaid with 3mL of
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lympholyte H, a density gradient separation medium designed to isolate viable lymphocytes and
monocytes. The cultures were then centrifuged at 4°C and 1,500 rpm for 10 minutes. The
supernatant was discarded, and the cells were resuspended in RPMI-1640.
Human blood samples
The Institutional Review Board of The Scripps Research Institute approved the collection
of blood samples from human subjects (IRB-17-6996). Blood samples (n=5) were collected at
the Normal Blood Donor Services (NBDS) at The Scripps Research Institute (TSRI). The NBDS
TSRI is a facility created to provide normal human blood samples to research labs. Forms and
concerns were reviewed with patients at TSRI to obtain informed consent before samples were
taken. Samples were collected from patients who were not taking immunosuppressive drugs,
non-diabetic and had a BMI below 30 (Table 4). These parameters ensure the samples
represented a healthy immune system, one that had not been compromised.
PBMC isolation from whole blood
PBMCs were isolated from whole blood using Ficoll Paque PLUS (VWR, Radnor, PA), a
density separation gradient, according to the manufacturer's instructions. Briefly, whole blood
was mixed with an equal volume of RPMI and carefully layered over Ficoll Paque PLUS. After
centrifugation for 45 minutes at 1450rpm and 18°C, mononuclear cells were isolated and washed
with RPMI-1640.
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Results
Comparison of the previous human skin explant culture protocol with the new revised
protocol
A previous graduate student in the laboratory, Shelley Dutt, established a protocol to
culture human skin explants to study human T cells from the skin. The protocol she developed
was similar to a protocol used in a published study by Clark et al. (2006). To improve upon this
protocol, I used a fresh batch of media with IL-2 and IL-15 on every feeding day during the 21day explant culture to achieve better T cell expansion. Ligation of IL2R with IL-2 and IL-15
leads to T cell proliferation via activation of nonreceptor tyrosine kinases (Zambricki et al.,
2005) and inhibits IL-2 mediated activation-induced cell death (AICD) of T cells (MarksKonczalik et al., 2000; Zambricki et al., 2005). To determine whether there was an improvement
in the HSEC T cell yield with the revised protocol, cell viability was examined using a live cell
gate and T cell proportions and numbers were examined by gating on CD3+ populations which
were stained with PE anti-human CD3 antibody at a final concentration of 5 µg/ml. Live
lymphocyte gates indicate whether more cells survived during the 21-day culture, while the
CD3+ gates indicate whether there is an improvements of overall T cell yield from the explant. I
reexamined data from experiments performed using the previous protocol to compare cell
viability and CD3+ population gates.
Data obtained from samples using the previously established HSEC protocol (n=4) were
compared with data obtained from samples using the improved HSEC protocol (n=5) for Aim 1
(Table 3, Figure 2). The data was analyzed using a student’s T-test to indicate whether more
cells survived during the 21-day culture and whether there is an improvement of overall T cell
yield. There is no significant difference in the percentage of live lymphocytes (p=0.7983, tstat=0.2654, df=7) between the old and new HSEC protocols. The average percent of live
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lymphocytes from the old HSEC protocol is 23.5  9 .8% while the average percent of live
lymphocytes from the new HSEC protocol is 25.34  10.72%. In contrast, there is a significant
difference in the percent of CD3+ T cells obtained from the harvest explant culture (p=0.0001, tstat=9.022, df=7) between the old and new HSEC protocol. The average CD3+ percent increased
from 26.24  14.31% using the previous method to 91.44  7.04% with the new protocol
mentioned in Aim 1 (Table 3). This shows that by adding IL-2 and IL-15 fresh, the cytokines
better regulate cell proliferation and survival of T lymphocytes during the 21-day explant culture.
This also indicates that although survival of all cells using the new HSEC protocol was similar to
that of the old HSEC protocol, a higher percent of those surviving cells in the new HSEC
protocol are CD3+ T cells compared to the old HSEC protocol.
Since αβ and γδ T cells reside in the skin, it is important to determine whether the new
HSEC protocol unintentionally selects for one T cell population over the other one. Using flow
cytometry, αβ and γδ T cell percentages were calculated from cells isolated using the new HSEC
protocol. Figure 3A shows the gating strategy used to identify αβ and γδ T cells from skin
samples, while figure 3B shows the gating strategy to identify αβ and γδ T cells from blood
samples. The cumulative data from all HSEC (n=5) experiments indicate that αβ T cells made up
an average of 66.66  8.34% of the cell population harvested from the HSEC protocol while on
average 14.96  8.82% were γδ T cells (Table 5 & Figure 3A). The remaining 18.38% of the
harvested cells are non-dermal T cell, suggesting the culturing of other cells such as circulating
γδ T cells that infiltrated the dermis and keratinocytes (Clark et al., 2006), which need to be
further characterized to evaluate the HSEC. The αβ and γδ T cell percentages are comparable to
previously published research examining αβ and γδ T cells in the skin and blood (Carding &
Egan, 2002; Clark, Chong, Mirchandani, Brinster, et al., 2006), suggesting that culturing T cells
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in the 21-day HSEC simply increased the percent of CD3+ T cells obtained from the explant
while maintaining a similar ratio to what is normally found in the skin.
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Skin T cell isolations using MACS microbeads technology
Aim 2. Establish a protocol that uses positively selected αβ and γδ T cells from the
HSEC and whole blood. As shown in prior research, a positive selection would result in the
purification of a specific T cell population while a negative selection provides an enrichment of
the cell population of interest (Lyons et al., 2007). Therefore, a positive selection would be the
appropriate method for the project’s goal of obtaining a pure population for sequencing. An
initial concern of using a positive selection method through TCR-specific antibodies was the
possibility of signaling through the T cell receptor and altering gene expression. However, the
MACs beads are small, biodegradable and biologically inert beads, which reduces their effect on
gene expression for downstream sequencing (Lyons et al., 2007). Therefore, a positive selection
of αβ and γδ T cells using MACS microbeads will provide pure populations for downstream
gene analysis.

Materials and Methods
γδ and αβ T cell isolation from skin and blood samples
Human skin and blood cell suspensions were each centrifuged at 1,250 rpm at 4°C for 10
minutes and resuspended in MACS buffer (1x phosphate buffered saline, 0.5% BSA, 2 mM
EDTA). In both skin and blood samples, γδ T cells were isolated first in order to improve the
purity of the final αβ T cell population. Vδ1+ γδ T cells were isolated from skin samples using
MACS microbeads according to the manufacturer’s instructions. Briefly, cells were incubated
for 10 minutes at 4℃ with 10µl of a fluorochrome conjugated (FITC) anti-TCR Vδ1 Haptenantibody at a dilution of 1:5. This was followed by an incubation for 15 minutes at 4℃ with
Anti-FITC MACS 20µl at a dilution of 1:5, which recognize and binds to the FITC
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fluorochrome. γδ T cells from the blood express the Vδ2 chain, therefore γδ T cell isolations for
blood samples used anti-TCR Vδ2 hapten-antibody. The concentration of the Anti-TCR
Vδ1/Vδ2 Hapten-Antibody and Anti-Hapten Microbeads FITC are proprietary to MACS
Miltenyi Biotec.
The samples were then run through numerous MS columns, which are composed of
ferromagnetic spheres designed for positive selection of cells. MS columns were placed on the
MACS magnetic separator. The magnetic field allowed for the magnetically labeled Vδ1+ or
Vδ2+ γδ T cells to be held in suspension in the column while the remaining cells (flow through)
were collected in a sterile collection tube. The magnetically labeled cells of interest were then
released by removing the column from the separator and allowing for the cells to be collected in
a new sterile collection tube. This process was repeated numerous times in order to increase the
purity of the population. The final γδ T cell isolated populations were stored in 450ul of RLT
lysis buffer, a proprietary component of RNeasy kits, at -80 °C.
The flow-through was then used to isolate αβ T cells. Briefly, the flow-through was
labeled with a fluorochrome conjugated (APC) Anti-TCR α/β Hapten-Antibody at a dilution of
1:11, followed by an incubation with 40µl Anti-APC MicroBeads at a dilution of 1:5. The
concentration of the fluorochrome conjugated (FITC) antibody specific for the αβ chain and
MicroBeads are proprietary to MACS Miltenyi Biotec.
The samples were then run through three MS columns, which were placed on the MACS
separator (Figure 4). The magnetically labeled αβ T cells were held in suspension in the column
due to the magnetic bead and the magnetic field created by the MACS separator. Cells were then
collected in a collection tube by removing the column from the MACS separator. The final
purified αβ T cells were stored in 450ul of RLT lysis buffer at -80 °C.
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To test the purity of the αβ and γδ T cell populations, aliquots were taken throughout the
MACS protocol, and flow cytometry was performed. The cells were already labeled with MACS
anti-αβ TCR antibody APC MACS anti-Vδ1/Vδ2 TCR Fitc. Additionally, I stained with the antiTCR γ/δ PerCpCy5.5 antibody (Biolegend, San Diego, CA) at a final concentration of 30 µg/ml
and anti-TCR α/β PE antibody (Biolegend) at a final concentration of 10 µg/ml. This stain was
performed to verify that the MACS microbeads were targeting the correct cell type. Samples
greater than 95% purity were considered pure enough to extract RNA for sequencing (Lyons et
al., 2007).
MACS protocol troubleshooting
When using MACS Microbeads to isolate αβ and γδ T cells from HSEC 48365, the
sample was run through one column per isolation (Figure 5). The isolations did not reach a
purity of 95% for both αβ and γδ T cells (Figure 5 & Figure 6). Specifically, the αβ T cell
isolation resulted in extremely low cell yield. When analyzing the αβ flow through, many of the
labeled αβ T cells were escaping the column and ended up in the flow through (Figure 6).
Similar results were obtained when analyzing the γδ follow through. In order to capture the
escaping cells and increase the purity of the isolations, an additional 2 columns per isolation was
added to the protocol for future experiments (Figure 7). The extra columns caught the escaping
cells from the flow through and the cells from that second isolation were combined with the first
isolation. The combined cells were run through a third column to ensure high purity of the final
population.
αβ and γδ T cells were isolated from a HSEC (HSEC 49171) using three columns for
each isolation (Figure 7). The αβ T cell isolation reached a purity of 98.94% while γδ T cell
purity only reached 1.69% (Figure 8). By running the isolation through three columns we were
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able to isolate a population of αβ T cells with a purity greater than 95%. Unfortunately, the
addition of columns did not improve the γδ T cell isolation. This led us to speculate that there
was insufficient staining with anti-Vδ1 MACS antibody. Using flow cytometry, I analyzed
whether both MACS beads antibodies were specific to the αβ and γδ TCRs. The αβ TCR was
analyzed and there were two clear peaks representing a positive and negative population. When
analyzing the Vδ1 MACS antibody, there were no clear positive and negative populations,
meaning there was insufficient staining with the antibody (Figure 9). Therefore, I increased the
amount of Vδ1 MACS antibody in order to target the cells of interested properly.
This new protocol was tested in frozen PBMCs (PBMC 1347) (Figure 10). There are
very few Vδ1 γδ T cells in blood; therefore, it was difficult to determine if there was an
improvement in the Vδ1 MACS antibody stain (Figure 10). In addition, this change was applied
to the next HSEC to determine if there was a true improvement (Figure 11). αβ and γδ T cells
were isolated from HSEC 50105 using the increased volume of Vδ1 MACS antibody. Using
flow cytometry, the stain was analyzed and there was no improvement, results were similar to
what was observed in the PBMC (Figure 10 & Figure 11). Although there was no improvement
in isolating γδ T cells, αβ T cell isolation had reached a purity greater than 95%. This allowed us
to move forward and apply this protocol to the remaining HSECs and PBMCs to isolate pure
populations of αβ T cells.
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Results
T cell isolation using MACS Microbeads from human skin and blood samples
αβ and Vδ2+ γδ T cells were isolated from human whole blood samples (n=5). All αβ T
cell isolations from PBMC samples (n=5) reached a purity greater than 95% while the Vδ2+ γδ T
cell isolations ranged from 1.06% and 49.4% (Table 7 & Figure 13). αβ T cell isolations from
the improved HSEC (n=5) reached a purity greater than 95%. Unfortunately, the Vδ1+ γδ T cell
isolations exhibited inconsistent levels of purity between 1.69% and 57.1% (Table 6 & Figure
12). Therefore, only the αβ isolations were used for RNA extraction.
Possible reasons for a low purity of Vδ1+ and Vδ2+ γδ T cells is that the MACS antibody
is not efficiently binding to the γδ TCR or there are insufficient numbers of magnetic beads
attached on the TCR for the cells to be held in the magnetic field. This could allow for the
targeted cells to escape the suspension and end up in the flow through. A better antibody is
needed for the isolation of Vδ1+ and Vδ2+ γδ T cells from human skin and blood.
Another caveat from the MACS isolation method is the high density of dead cells that are
in the isolated T cell populations. Flow cytometry data (Figure 2, 3, 6, 8, 12 & 13) show a large
population of dead cells outside of the live lymphocyte gate. These high percentages of nonviable cells will skew the RNA-sequencing data for future studies.
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RNA extraction of αβ T cells from human skin and blood samples
Aim 3. Establish a protocol for the isolation of high-quality RNA from skin αβ T cells for future
RNA-sequencing. I hypothesize that an RNA isolation technique that utilizes a silica-membrane
column will result in high quality RNA compared to phenol-chloroform protocols because using
phenol-chloroform is hazardous and can easily contaminate RNA samples with RNases and
therefore degrade the RNA sample. High quality RNA will be used for downstream sequencing.

Materials and Methods
RNA extraction
RNA was extracted from αβ T cell populations using the RNeasy Mini Kit (Qiagen Inc.,
Valencia, CA). Cells were frozen in buffer RLT on the day of harvest or isolation. Buffer RLT
supports the binding of RNA to the silica membrane and contains β-mercaptoethanol to prevent
RNA digestion by inactivating RNases in the lysate. When the samples were ready to be
processed for RNA isolation, they were thawed out followed by homogenization. The lysate was
then centrifuged in a RNeasy mini spin column, the RNA bounded to the silica while the rest of
the lysate went through the column. The high concentration of guanidine isothiocyanate
supported the binding of the RNA to the silica membrane. The RNeasy mini spin column was
washed twice with RW1 buffer to eliminate proteins, fatty acids, and carbohydrates that were not
specifically bound to the membrane. The column was then washed with RPE buffer in order to
eliminate any salts introduced by the first washing buffer. The RNA was collected in a clean tube
by centrifuging with 30ul of RNase free water. The RNase free water disrupted the ionic bonds
between the RNA molecule and silica gel allowing the RNA to be released into the sterile
collection tube.
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The RNA quality and quantity were assessed using a NanoDrop 2000 UV-V
Spectrophotometer before sending the samples to be sequenced at Novogene Corporation
(Sacramento, CA). RNA is absorbed at 260nm, while reads at 280nm indicate the presence of
protein, phenol or other contaminants. RNA samples with an absorbance of 260nm/280nm
between 1.8 and 2.1 are considered high quality RNA and were sent to Novogene for further QC
testing and sequencing. Once the samples arrived at the core facility, the samples were assessed
again using gel electrophoresis and bioanalyzer trace.
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Results
RNA extraction of pure T cell populations
RNA was extracted from αβ T cell samples using the RNeasy Mini Kit from Qiagen.
Total RNA, RNA concentrations, and A260/280 reads met the specifications required from the
Novogene facility for RNA Sequencing (Table 8). The average total RNA extracted from the
skin samples was 1276  1125.89 ng, absorbing an average A260/280 at 1.91  0.06. The
average total RNA extracted from the blood samples was 2559.54  806.66 ng, absorbing an
average A260/280 at 1.90  0.02. All 10 samples were shipped on dry ice to Sacramento for
sequencing at the Novogene facility for sequencing. Upon arrival the samples were tested for
RNA integrity using a bioanalyzer and gel electrophoresis; unfortunately, all samples failed the
QC tests. The RIN values obtained from the bioanalyzer were low indicating RNA degradation
and gel electrophoresis results indicated DNA contamination (Table 9 & Figure 14). The
samples were shipped back to the Jameson Lab where DNA was removed from the samples
using the Invitrogen DNA-free DNA removal kit according to the manufacturer’s instructions.
DNA Treatment of RNA Samples
DNA was eliminated from the RNA samples using the Invitrogen DNA-free DNA
removal kit (Carlsbad, CA) according to the manufacturer’s instructions. Briefly, 0.1 volume of
DNase I Buffer and 2ul of rDNase I was added to each RNA sample and incubated at 37C for
20 minutes. After the incubation, 0.1 volume of DNase inactivation reagent was added to the
samples and incubated for 2 minutes at room temperature. During the 2-minute incubation, the
samples were mixed twice. After the incubation, the samples were spun down at 9,300 rpm for
1.5 minutes and the supernatant was collected into a new collection tube. Samples were then
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assessed with a NanoDrop 2000 UV-V Spectrophotometer for RNA quality and quantity and
frozen in -80C for possible future use (Table 10).
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Future Directions
qPCR-Based Assay
Although the αβ and γδ T cell RNA samples of this project are too degraded to perform a
genome-wide experiment, it can deliver good super array data. Using lower quality RNA for
qPCR-based assays is acceptable because the amplicons are small. Although this will not provide
the large data set that was expected, it will allow an assessment of a group of genes. SA
Biosciences has numerous assay plates and are compatible to the QuantStudio3 which is
available on campus (CSUSM). There are two plates that would be of most interest to test on
these samples: Human Endothelial Cell Biology PCR Array and Inflammatory Cytokines and
Receptors PCR Array. Both of these arrays would provide information on the function of αβ and
γδ T cells relating to inflammation and cell injury.
Super array data will provide a comparison between specific genes in resting αβ and γδ T
lymphocytes in human skin to gain a better understanding of their specific roles in the skin.
Conserved genes will indicate how αβ and γδ T lymphocytes are similar in function, while
differentiated genes will identify specific functions and characteristics unique to each subtype of
T lymphocyte residing in the skin. After improving the current set of protocols of this project,
RNA sequencing will provide a set of data that can be used to better understand dermal and
circulating αβ and γδ T cells. By better characterizing αβ and γδ T cells we can target particular
genes within these cells to improve wound healing.
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Discussion
Resident αβ and γδ T cell function in human skin is just beginning to be studied, yet a
difference between αβ and γδ TCR antigen recognition indicates a unique role for each subtype
in skin immunity and homeostasis. In this study, I improved the already established HSEC
protocol and achieved a higher T cell yield. With the addition of freshly added IL-2 and IL-15
into the cell media, we increased the percentage of CD3+ T lymphocytes from the skin explant
from an average of 26.24  14.31% to 91.44  7.04%. Our data further supports the ability of IL2 and IL-15 to regulate T cell proliferation, differentiation and survival during the 21-day explant
(Clark et al., 2006; Zambricki et al., 2005). This finding supports previous published studies on
the role of IL-2 and IL-15 in murine epidermal  T cell proliferation and survival in murine skin
(Kawai et al., 1998; Ye et al., 2001). In these studies the addition of IL-2 and IL-15 was shown
to induce cell proliferation of human T cell line kit 225 and dendritic epidermal T cells (Kawai et
al., 1998; Ye et al., 2001; Zambricki et al., 2005). In summary, we report an improved HSEC
protocol that allows for sufficient T lymphocyte proliferation and survival for future studies in
the Jameson lab, focusing on human skin-resident T cells. With this protocol the Jameson lab
will be able to culture sufficient numbers of cells to study and elucidate whether findings in
murine models are translatable to humans.
Furthermore, I established a MACS cell isolation protocol for αβ T cells from human skin
and blood samples. Our study provides a novel method to select and purify human dermal and
circulating αβ T cell for future applications where high cell purity is essential. This further
demonstrates the ability to obtain a highly pure population from a positive selection method
using MACS microbeads (Lyons et al., 2007). Previous published studies used MACS to isolate
patient’s CD4+ T cells for donor lymphocyte infusions and obtained a purity of 82  11%
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(Klyuchnikov et al., 2011). Another study used MACS microbeads to isolate
CD4+CD25+CD127- Tregs for graft versus host disease (GvHD) therapeutics after transplants at
a purity of 72% with a range of 43.0% to 91.0% (Velaga et al., 2017). Although we are able to
provide evidence for a pure isolation of dermal and circulating αβ T cells using MACS
microbeads, it is difficult to recommend this approach for the isolation of γδ T cells. However,
this study sets the stage for designing an improved protocol for the isolation of skin-resident and
circulating γδ T cells.
Some suggestions for improvement to the MACS protocol include increasing the
incubation periods with the antibody or the volume of antibody. This will allow the antibody to
bind properly to the targeted cell and as a result enough magnetic beads will attach for proper
cell separation. Another option is to isolate CD3+ T cells using MACS microbeads first and from
that population isolate either αβ or γδ T cells and collect the remaining population in the flow
through. To eliminate the non-viable (dead) cells from the final isolations the sample must be run
through lympholyte H before RNA extraction. This will eliminate dead cells and result in a
population of live T cells. There are currently other methods for cell isolation which deviates
from the MACS microbeads technique such as FACS, which may result in higher purity of these
T cell populations.
Most cell isolation techniques focus on using antibody-mediated cell isolation
approaches. An advantage of using MACS isolation technology is that it allows for bulk isolation
of a large number of cells, yet it is unable to differentiate between cells expressing high versus
low levels of the given target (Almeida, Garca-Montero, & Orfao, 2015). Fluorescence Activated
Cell Sorting (FACS) is another antibody-mediated cell isolation method that uses both physical
and chemical characteristics of cells. Although the purity of cell populations isolated using
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FACS is high, the yield and viability are lower compared to MACS technology (Almeida et al.,
2015). FACS is also a slow process, especially when sorting a large number of cells and possibly
harming/compromising cells for downstream RNA-sequencing. Although FACS may be a
slower isolation process it may yield a higher purity of T cells that are rare such as those
expressing a γδ TCR when compared to MACS technology. FACS has been performed in the
Jameson lab and it may be of interest to use this technology for the isolation of dermal and
circulating human T cells in the future. There are major hurdles to overcome for the proper
isolation of γδ T cells using MACS microbeads, but once tackled this will allow for a quick
novel method to isolate γδ T cells for future studies in the Jameson lab and other research labs.
Lastly, I evaluated a protocol for RNA extraction of T cells. The RNeasy mini kit is not
an efficient method to extract high quality RNA from skin-resident and circulating αβ T cells
because it often results in DNA contamination and degraded RNA. A previous published study
compares acid guanidinium thiocyanate-phenol-chloroform extraction, Trizol and RNeasy mini
kit from human sputum samples (Xiang, Qiu, Hegele, & Tan, 2001). In this study extraction of
RNA using Trizol results in higher yield and purity of RNA from the samples compared to acid
guanidinium thiocyanate-phenol-chloroform extraction and RNeasy mini kit (Xiang et al., 2001).
When extracting RNA from skin cells, Zolotarenko et al. homogenized punch biopsies from
patients with psoriasis and extracted RNA using ExtractRNA reagent ( Evrogen, Moscow,
Russia) (Zolotarenko et al., 2016). The average RIN values of the samples were  7
(Zolotarenko et al., 2016). Another published study examining skin T cells, extracted RNA from
single cell suspensions with the Qiagen RNEasy Micro kit for microarray analysis (Li,
Olshansky, Carbone, & Ma, 2016). This study assessed the RNA samples and were then used to
generate cDNA for gene assessment, therefore the samples were of high purity and quality (Li et
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al., 2016). Prior studies have successfully extracted RNA from different types of cells, including
skin cells using other methods and kits. Similar to those prior studies, the RNA protocol
established in the Jameson lab results in acceptable A260/280 ratios, but the integrity of the RNA
is not sufficient for RNA-sequencing. This may be due to the long storage period of the samples
before extraction and assessment; therefore, this should be considered for future improvements.
The Jameson lab is now evaluating other extraction methods for future RNA sequencing.
In response to the findings in my thesis work, Carly Hayter in our laboratory attempted
extracting RNA from murine skin using a Trizol/column protocol. Briefly, RNA was extracted
from the tissue using Trizol and then treated with GeneJETTM RNA Cleanup and Concentration
Micro Kit to clean the RNA. The cleaning kit uses the same silica membrane technology used by
the RNA isolation kit used for this project. Although RNA results from this hybrid protocol
resulted in low RINs, similar to those in my thesis work, the samples did not have DNA
contamination. Therefore, including a cleaning kit will improve overall RNA quality by
eliminating DNA contamination from the samples (Figure 15). Future samples of this project
can be run through cleaning kits/columns such as Qiagen’s gDNA elimination columns. Another
consideration is eliminating RNases at the beginning of the RNA isolation process by using
RNase inhibitors like those offered by Qiagen. This will be vital to improving the integrity of the
RNA in future experiments.
Further improvements on the RNA extraction and sequencing protocol should include
assessments of RNA quality using a Bioanalyzer before sending them to RNA-seq. facilities. The
Nanodrop 2000 assessment checks for the purity of RNA, yet a disadvantage of using
absorbance for RNA assessment is that the amount of genomic DNA present in an RNA sample
cannot be determined. All nucleic acids are absorbed at 260nm, this includes dsDNA and
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ssDNA. This also leads to predict a higher concentration of RNA in the sample than there really
is. Changes in RNA integrity is not reflected in this measurement because single nucleotides also
contribute to the 260nm reading. Proper analysis of RNA samples is important in order to avoid
repeating experiments, instrument and lab costs.
The set of protocols established in this study will lead to future studies in the Jameson lab
examining the specific roles of skin-resident αβ and γδ T cells. Antigen recognition by γδ T cells
is an area of intensive research (Adams et al., 2015) as are studies to elucidate co-stimulatory
molecules such as CD2 and ICAM-1, which may specifically act in dermal γδ T cells (Das,
Sugita, & Brenner, 2004). Therefore, it is essential to improve methods to further study human
skin-resident T cells and their function in skin immunity and surveillance. The revised HSEC
protocol improves the culture of skin-resident T cells to achieve a high yield of T cells. The work
performed in this thesis will allow the Jameson lab to further elucidate specific functions and
characteristics of T cells, specifically skin-resident T cells and how they mediate skin immunity,
wound repair and homeostasis for the future development of therapeutics.
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Figures
Table 2. Patient sample information from skin samples for HSEC
Sample
obtained

Patient ID

BMI Age

Sex

Race

Sample Location

11/30/16

HSEC 49171

26

38

Female

White

Abdominal skin

1/23/17

HSEC 50105

29.6

59

Female

White

Abdominal skin

2/27/17

HSEC 50810

27.9

67

Female

White

Abdominal skin

4/3/17

HSEC 51446

23.3

42

Female

White

Abdominal skin

10/2/17

HSEC 55385

24.6

54

Female

White

Abdominal skin

Samples were collected by CHTN between November 30, 2016 and October 2, 2017. Samples
were shipped to the Jameson and processed within 24 hours of sample extraction.

Figure 1. Representative image of the HSEC set up. Two 6-mm human skin punch biopsies
cultured on matrigel coated matrices disks submerged in 1.5 mL of culture media in a 24-well
plate.
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Table 3. Live lymphocyte gate and CD3+ gate percent from old and new HSEC protocol
Live Lymphocytes
CD3+ Gate
Gate
HSEC 30699
36.8%
26.1%
Old Protocol
HSEC 30701
22.6%
25.9%
HSEC 33402
21.4%
44.0%
HSEC 33759
13.2%
8.95%
Average
23.5  9 .8%
26.24  14.31
HSEC 49171
18.9%
92.2%
New Protocol
HSEC 50105
33.8%
89.1%
HSEC 50810
38.3%
98.2%
HSEC 51446
12.1%
97.0%
HSEC 55385
23.6%
80.7%
Average
25.34  10.72%
91.44  7.04
P = Value
0.7983
0.0001
+
Live lymphocyte and CD3 gates were obtained using FlowJo v10 software (FlowJo, LLC).
CD3+ cells were gated from the live lymphocyte gate. Averages, standard deviations, and T-tests
were run on Prism; P-values less than 0.05 are considered to be significant.
Samples ID

Figure 2. Gating Strategy for identifying live lymphocytes and CD3+ T cells in the old
HSEC protocol and new HSEC protocol. (A) Representative gating strategy for the old HSEC
protocol (HSEC 33759). (B) Representative gating strategy for the new HSEC protocol (HSEC
50105). CD3+ T cells were gated from the live lymphocyte gate. Flow cytometry was performed
on the BD Accuri C6 flow cytometer and analyzed using FlowJo v10 software (FlowJo, LLC).
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Table 4. Patient sample information from blood samples
Sample
Obtained

Sample

BMI Age

Sex

Race

Sample
Location

8/24/17

PBMC 5755

19.1

47

Female

White

Blood

10/5/17

PBMC 6010

21.1

31

Female

White

Blood

10/23/17

PBMC 5233

27.4

34

Female

White

Blood

12/11/17

PBMC 4856

25.7

67

Female

White

Blood

12/12/17

PBMC 5935

23.3

54

Female

White

Blood

Samples were collected by TSRI NBDS between August 24, 2017 and December 12, 2017.

Figure 3. Gating strategy for αβ and γδ T cell percentages in HSEC and PBMC. (A)
Representative gating strategy from HSEC 50105 (B) Representative gating strategy from
PBMC 5935. αβ and γδ T cell were gated from the live lymphocyte gate. Flow cytometry was
performed on the BD Accuri C6 flow cytometer and analyzed using FlowJo v10 software
(FlowJo, LLC).
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Table 5. αβ and γδ T cell percent obtained from the HSEC and PBMC before MACS isolation
αβ T cell
γδ T cell
percent
percent
HSEC 49171
70.7%
4.79%
HSEC 50105
62.8%
24.8%
HSEC 50810
79.4%
6.52%
HSEC 51446
61.0%
20.0%
HSEC 55385
59.4%
18.7%
Average
66.66  8.34% 14.96  8.82%
PBMC 6010
50.1%
4.80%
PBMC 4856
37.4%
1.44%
PBMC 5935
54.1%
2.85%
PBMC 5755
18.8%
3.72%
PBMC 5233
69.7%
4.02%
Average
46.02  19.09% 3.37  1.28%
Percentages were obtained from αβ and γδ T cell gates within the live lymphocyte gate using
FlowJo v10 software (FlowJo, LLC). Averages and standard deviations were run on Prism.
Sample ID

Figure 4. Final MACS Microbeads cell isolation process of αβ and γδ T cells from HSEC
and PBMC samples. T cell isolations were stored in 450ul of RLT lysis buffer at -80 °C until
RNA extraction.
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Figure 5. Experimental design of cell isolation used for troubleshooting MACS microbeads
using HSEC 48365. αβ and γδ T cells were isolated from HSEC 48365 using one column per
isolation.

Figure 6: Gating strategy of cell isolation from HSEC 48365. (A) αβ and (B) γδ T cells were
isolated using MACS Microbeads. αβ T cell isolation purity was obtained by adding percentages
from Q17, Q18 and Q19. γδ T cell isolation purity was obtained by adding percentages from Q17
and Q18. Flow cytometry was performed on the BD Accuri C6 flow cytometer and analyzed
using FlowJo v10 software (FlowJo, LLC).
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Figure 7. Experimental design of cell isolation used for troubleshooting MACS microbeads
using HSEC 49171. αβ and γδ T cells were isolated from HSEC 49171.

Figure 8. Gating strategy of cell isolation from HSEC 49171. αβ and γδ T cells were isolated
using MACS Microbeads. αβ T cell isolation purity was obtained by adding percentages from
Q17, Q18 and Q19. γδ T cell isolation purity was obtained by adding percentages from Q17 and
Q18. Flow cytometry was performed on the BD Accuri C6 flow cytometer and analyzed using
FlowJo v10 software (FlowJo, LLC).
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Figure 9. Antibody staining of MACS antibodies from HSEC 49171. (A) Cells were stained
with anti-TCR α/β Hapten-antibody (blue peak) and without (red peak). (B) Cells were stained
with anti-TCR Vδ1 Hapten-antibody (blue peak) and without (red peak). Flow cytometry was
performed on BD Accuri C6 flow cytometer and analyzed on FlowJo v10 software (FlowJo,
LLC).

Figure 10. Antibody staining of MACS antibodies from PBMC 1347. (A) Cells were stained
with 10ul anti-TCR Vδ1 Hapten-antibody (blue peak) and without (red peak). (B) Cells were
stained with 20ul anti-TCR Vδ1 Hapten-antibody (blue peak) and without (red peak). Flow
cytometry was performed on BD Accuri C6 flow cytometer and analyzed on FlowJo v10
software (FlowJo, LLC).
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Figure 11. Antibody staining of MACS anti-TCR Vδ1 Hapten-antibody on HSEC 50105.
Cells were stained with 20ul anti-TCR Vδ1 Hapten-antibody (blue peak) and without (red peak).
Flow cytometry was performed on BD Accuri C6 flow cytometer and analyzed on FlowJo v10
software (FlowJo, LLC).

Table 6. αβ and Vδ1+ γδ T cell isolations from skin samples
Sample Obtained

Patient ID

αβ T cell purity

Vδ1+ γδ T cell purity

11/30/16

HSEC 49171

98.94%

1.69%

1/23/17

HSEC 50105

95.27%

7.77%

2/27/17

HSEC 50810

98.43%

48.3%

4/3/17

HSEC 51446

95.27%

57.1%

10/2/17

HSEC 55385

96.00%

13.80%

96.78  1.77%

25.73  25.18%

Average

Percent purity of αβ and Vδ1+ γδ T cell isolations after positive selection using MACS
microbeads from 5 human skin samples. αβ and γδ T cell populations were analyzed with the BD
Accuri flow cytometer and FlowJo v10 software (FlowJo, LLC). Percentages were based on αβ
and γδ gates within the live cell gate. Averages and standard deviations were run on Prism.
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Figure 12. Flow cytometry gating strategy for T cell isolation. Representative flow data of αβ
and Vδ1+ γδ T cell isolations from HSEC (HSEC 50810). αβ and Vδ1+ γδ T cell gates were
gated from the live lymphocytes gate. αβ T cell isolation purity was obtained by adding
percentages from Q17, Q18 and Q19. γδ T cell isolation purity was obtained by adding
percentages from Q17 and Q18. Flow cytometry was performed on the BD Accuri C6 Flow
cytometer and analyzed using FlowJo v10 software (FlowJo, LLC).

Table 7. αβ and Vδ2+ γδ T cell T isolations from whole blood samples
αβ T cell purity Vδ2+ γδ T cell purity

Sample Obtained

Patient ID

8/24/17

PBMC 5755

95.62%

1.80%

10/5/17

PBMC 6010

99.14%

49.4%

10/23/17

PBMC 5233

99.05%

45.90%

12/11/17

PBMC 4856

97.24%

1.06%

12/12/17

PBMC 5935

95.61%

15.8%

97.33  1.74%

22.79  23.47%

Average

Purity of final αβ and Vδ2+ γδ T cell isolations after positive selection using MACS microbeads
from whole blood of 5 patients. αβ and γδ T cell populations were analyzed with the BD Accuri
flow cytometer and FlowJo v10 software (FlowJo, LLC). Percentages were based on αβ and γδ
gates within the live cell gate. Averages and standard deviations were run on Prism.
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Figure 13. Flow cytometry gating strategy for T cell isolation percent purity. Representative
gating strategy of αβ and Vδ2+ γδ T cell isolations from PBMC (PBMC 5935). αβ and Vδ2+ γδ
T cell gates were gated from the live lymphocytes gate. αβ T cell isolation purity was obtained
by adding percentages from Q17, Q18 and Q19. γδ T cell isolation purity was obtained by
adding percentages from Q17 and Q18. Flow cytometry was performed on the BD Accuri C6
Flow cytometer and analyzed using FlowJo v10 software (FlowJo, LLC).

Table 8. RNA assessment of samples before sending to UCR
Sample ID

RNA Concentration
(ng/ul)
67.7 ng/ul
98.9 ng/ul
34.0 ng/ul
10.2 ng/ul
9.2 ng/ul

Volume
(ul)
30 ul
30 ul
30 ul
30 ul
30 ul

Total RNA

A260/280

HSEC 49171
1963.3 ng
1.94
HSEC 50105
2868.1 ng
1.92
HSEC 50810
986 ng
1.98
HSEC 51446
295.8 ng
1.81
HSEC 55385
266.8 ng
1.88
Average
1276  1125.89 ng
1.91  0.06
PBMC 5755
76.3 ng/ul
30 ul
2212.7 ng
1.90
PBMC 6010
49.1 ng/ul
30 ul
1423.9 ng
1.88
PBMC 5233
94.1 ng/ul
30 ul
2728.9 ng
1.89
PBMC 4856
124.3 ng/ul
30 ul
3604.7 ng
1.94
PBMC 5935
97.5 ng/ul
30 ul
2827.5 ng
1.88
Average
2559.54  806.66 ng 1.90  0.02
RNA concentration, volume, total RNA, and A260/280 were assessed with a Nanodrop 2000
UV/V. Averages and standard deviations were run on Prism.
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Table 9. Novogene QC report of RNA samples
Sample ID

RNA
Concentration
(ng/ul)

Volume
(ul)

Total RNA

DNA
Contamination

RIN

Conclusion

HSEC 49171

211.44 ng/ul

19 ul

4017.36 ng

Yes

4.0

Fail

HSEC 50105

177.60 ng/ul

19 ul

3374.40 ng

Yes

6.2

Fail

HSEC 50810

172.62 ng/ul

23 ul

3970.26 ng

Yes

3.2

Fail

HSEC 51446

148.50 ng/ul

23 ul

3415.50 ng

Yes

2.9

Fail

HSEC 55385

25.78 ng/ul

23 ul

592.94 ng

Yes

2.5

Fail

3074.09  1419.13 ng

Average

3.76  1.47

PBMC 5755

145.55 ng/ul

20 ul

2911.00 ng

Yes

9.4

Fail

PBMC 6010

53.96 ng/ul

25 ul

1349.00 ng

Yes

5.1

Fail

PBMC 5233

128.64 ng/ul

23 ul

2958.72 ng

Yes

3.7

Fail

PBMC 4856

86.51 ng/ul

23 ul

1989.73 ng

Yes

8.8

Fail

PBMC 5935

405.48 ng/ul

23 ul

9326.04 ng

Yes

2.7

Fail

Average

3706.90  3212.33 ng

5.94  3.02

RNA concentration, volume, Total RNA, and RIN values (Novogene facility) were assessed at
the Novogene facility. Averages and standard deviations were run on Prism.
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Figure 14. Electrophoresis results from Novogene QC Report. The denatured RNA gel ran at
100v for 40 minutes on an Agilent 2100 TapeStation.

Table 10. RNA assessments of samples after DNA removal treatment
Sample ID

Volume A260/280

RNA
Total RNA
Concentration
HSEC 49171
20 ul
1.68
206.5 ng/ul
4130 ng
HSEC 50105
20 ul
1.87
94.1 ng/ul
1882 ng
HSEC 50810
20 ul
1.86
26.3 ng/ul
526 ng
HSEC 51446
20 ul
3.70
21.0 ng/ul
420 ng
HSEC 55385
20 ul
1.72
13.8ng/ul
276 ng
PBMC 5755
20 ul
1.79
77.8 ng/ul
1556 ng
PBMC 6010
23 ul
2.14
76.9 ng/ul
1768.7 ng
PBMC 5233
20 ul
1.83
84.9 ng/ul
1698 ng
PBMC 4856
23 ul
1.85
106.5 ng/ul
2449.5 ng
PBMC 5935
20 ul
1.81
86.3 ng/ul
1726 ng
RNA volume, A260/280, RNA concentration and total RNA was assessed using a Nanodrop
2000 UV-V Spectrophotometer after DNA removal.
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Figure 15. Electrophoresis results of RNA extracted from murine skin. Each lane represents
a different sample. Samples were assessed using Agilent 2100 TapeStation at UCR.

Table 11. Institute for Integrative Genome Biology UCR QC report of murine skin RNA
samples
Sample ID

RIN

DNA
Contamination
No
No
No
No
No
No
No
No
No
No
No
No

JJ CH R3 Ex
3.10
R3 C
3.70
B16 Ex
1.30
B16 C
6.20
UN1 C
3.90
UN1 Ex
2.30
B12 C
3.20
B12 Ex
5.60
UN5 Ex
2.90
UN5 C
5.90
L6 C
2.10
L6 Ex
2.80
Average
3.58  1.56
RIN values were assessed at the Institute for Integrative Genome Biology UCR using a
bioanalyzer. Averages and standard deviations were run on Prism.
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