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Abstract

Background: Mucosal-associated invariant T (MAIT) cells comprise a subpopulation of
T cells that can be activated by bacterial products and cytokines to produce TNFa, IL-17,
and granzymes. Little is known about the role of MAIT cells in fibrosis progression in
fatty liver disease. Aim: To assess frequency and phenotype of MAIT cells and their

correlation with liver fibrosis severities in NAFLD patients.

Methods: twenty five NAFLD patients and five healthy donors were recruited. Age, Body
mass index, alanine aminotransferase, serum-fasting-insulin levels, hemoglobin Alc,
homeostatic model assessment for insulin resistance score, triglycride, high density
lipoprotein, low density lipoprotein and c-reactive protein were correlated with fibrosis-
scoring in adult NAFLD cases lacking metabolic-syndrome or other liver etiologies. In
vitro, peripheral blood samples were obtained from both the patients and healthy. Then
using direct human T cell isolation kit, CD3" T cells were extracted. Using Flow
cytometry, MAIT cells were identified by the expression of CD161 and TCR Va7.2. For
immune phenotyping, markers like TNFa, CD69, CD38 and IL17 were used. Then the
serum cytokine levels were detected using quantibody human cytokine array 1. Using
Flow cytometry, the expression of insulin receptor were determined in three patients with

cirrhosis.

Results: a total of 25-cases fulfill inclusion/exclusion criteria, all were males, mean age at
biopsy 39.3+£9.8y, BMI 29.19+9. Seven had cirrhosis as their fibrosis stage were 4. Serum
HOMA-IR found the most significant predictor for histological severity. Healthy donors
had 12.68%=1.11 MAIT cells which was significantly decreased in peripheral blood of
patients with NAFLD 10.62%z+1.37, 3.9%=0.71, 1.66%=0.08 and 1.2%=0.21 with fibrosis
grades of F1, F2, F3 and F4, respectively. Moreover, MAIT cells from patients showed
higher expression of activation markers such as CD69 and CD38 as compared to heathy
donors. MAIT cells had also elevated IL-17 expression, a pro-fibrogenic cytokine as well
as TNFa, a pro-inflammatory cytokine. These results were linearly correlated with fibrosis
severities. Singnificant elevation was founded in the inflammatory cytokines including IL-
12 that known to activate MAIT cells. Downregulation in insulin receptor was observed in

patients with cirhosis as compered with healthy donors.



Conclusions: Decreased expressions of peripheral blood MAIT cells in NAFLD patients
were inversely correlated with the fibrosis stage. Our data suggest MAIT cells might

contribute to the development of fibrosis in NAFLD and represent a novel diagnostic

target.
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Chapter One

Introduction

1.1 Background

Non-alcoholic fatty liver disease (NAFLD) is a spectrum of disease that ranges from
simple steatosis to the more progressive form terms as non-alcoholic steatohepatitis.
NASH is the major cause of chronic liver fibrosis characterized by excessive extracellular
matrix accumulation in liver cells which is accompanied by inflammation and injury and

can lead to cirrhosis, liver failure and eventually carcinoma (Zhang et al., 2018).

NAFLD is the most common chronic liver disease with estimated prevalence 6-35%
worldwide (Cobbina & Akhlaghi, 2017). The prevalence of NASH is 3%-5% in the
general population which is considered as the leading cause of morbidity and mortality
from liver disease (Ashtari et al., 2015). NAFLD is associated with metabolic syndromes
such as obesity, diabetes, insulin resistance and dyslipidemia. It is plausible that the

prevalence of NAFLD is increasing because of the obesity epidemic (Oh et al., 2016).

A liver biopsy is the gold standard method for diagnosis of NAFLD. However, the
sampling error is a major concern; especially that only 1/50000 of the whole liver tissue is
sampled during a liver biopsy. Therefore, there is a need for the noninvasive method used
for the detection of patients with NAFLD (Amer et al., 2018).



The liver is the immunologic organ that is in continuous exposure to microbial and food
antigens from the gut. The presence of MAIT cells in mucosal barrier, the highly
enrichment of MAIT cells in the liver and their rapid antimicrobial function render MAIT
cells a plausible population that might contribute to both the maintenance of liver and the

inflammation of liver in disease (Bolte & Rehermann, 2018; Kurioka et al., 2016).

MAIT cells represent the most abundant subset of non-conventional T cells. MAIT cells
express semi-invariant T cell receptor (TCR Va702-Ja33\12\20). Furthermore, MAIT cells
are restricted to nonpolymorphic major histocompatibility complex (MHC) class Ib
molecule, MHC class I-related protein 1 (MR1), that presented non-protein antigens, that
include derivatives of riboflavin and folic acid synthesis pathways in bacteria,
mycobacteria, and yeast. MAIT cells can be activated by TCR dependent manner as
conventional T cell. Moreover, it can be activated like other innate T cells by cytokines
dependent manner such as interleukinl2 (IL-12) and IL-18. Upon activation, these cells
express pro-inflammatory cytokines such as interferon y (IFN-y) and tumor necrosis factor
a (TNF-a) and they release cytotoxic and pro-inflammatory granzymes, such as granzyme
B and perforin (Kurioka et al., 2016; Xiao & Cai, 2017)

MAIT cells have a wide tissue distribution, they comprise 5% of T cells in peripheral
blood, 60% in the jejunum, and they present also in colon, lung, cervix, Kidneys, ovaries,
and others. MAIT cells represent the major T cell population in the liver in about 20%-
50% of T cells, this high frequency suggests that they have a role in the immunity of liver

and in the pathophysiology of liver inflammation in diseases (Gapin, 2014).

However, the circulating MAIT cells decreased in the obese patients and type 2 diabetes
(T2D) patients, their activation is increased as defined by CD25 and CD69 expression and
their production of IL-17, IL-2 and GrB are markedly increased (Magalhaes et al., 2015b).
MAIT cells have the ability to express IL-17 under the control of cytokines IL-18, IL-23
and IL-7 that found to be released by the hepatic stromal cell, confirm the link between
liver and MAIT cells (Ussher et al., 2014).



1.2 Nonalcoholic fatty liver disease

1.2.1. NAFLD definition

Non-alcoholic fatty liver disease (NAFLD) is a spectrum disease defined by excessive fat
accumulation in the form of triglycerides (steatosis) in more than 5% of hepatocytes that is
not a result of alcohol consumption or other causes such as viral hepatitis or medications
(Paschos & Paletas, 2009; Zhang et al., 2018). Most NAFLD patients are asymptomatic
but 30% of them progress to the aggressive form non alcoholic steatohepatitis (NASH) in
which excessive steatohepatitis accompanied with liver cell injury and inflammation that
characterized by ballooning, apoptosis/necrosis, Mallory’s hyaline and giant mitochondria

and eventually fibrosis (Khedmat & Taheri, 2011; Zhang et al., 2018)

Non-alcoholic steatohepatitis (NASH) was firstly described in 1980 by Ludwig et al.
(Pascale et al., 2010). NASH firstly was considered as a benign condition until that more
studies revealed that NASH can be progressive and may lead to cirrhosis and liver failure
(Zhang et al., 2018). NASH hepatic injury is similar to alcoholic fatty liver, however,
NASH seems to progress more slowly and is histologically less severe than steatohepatitis

caused by alcohol (Vernon et al., 2011).

NAFLD is the most common chronic liver disease worldwide with estimated NAFLD
prevalence in Western countries 20-30%, whereas 12%-24% in Asian countries (Ashtari et
al., 2015). 20% of NASH may progress to cirrhosis. NASH increases the risk of
hepatocellular carcinoma and liver failure by 10-folds and doubling the risk of
cardiovascular diseases (Zhang et al., 2018). NASH increases the liver-related mortality by

3-fold than the general population (Pappachan et al., 2017).

1.2.2. NAFLD etiology

There is no precise known etiology of NAFLD. However, the major risk factors of NAFLD
development are well established, including age, gender, insulin resistance, type 2 diabetes
mellitus, increased ferritin levels and genetic factors (Byrne & Targher, 2015). NAFLD
has been reported in all age groups. However, a higher prevalence of NAFLD and fibrosis
are reported with increasing age that might attribute to the risk factors present in elderly
(Mishra & Younossi, 2012). Although there is a discrepancy between studies in the



predominant gender, NAFLD is found to occur more frequently in men (Khedmat &
Taheri, 2011).

Metabolic syndrome is defined by the presence of three or more of the following factors:
elevated waist circumference, elevated triglycerides or on drug treatment for elevated
triglycerides, reduced HDL level, hypertension or on antihypertensive drug treatment,
Type 2 diabetes, Family history of diabetes, overweight, cardiovascular complications,
impaired fasting glucose or on antidiabetic drug treatment and insulin resistance (Paschos
& Paletas, 2009). There is a strong association between NAFLD and metabolic syndrome.
Therefore, the prevalence of NAFLD and NASH are increasing as obesity became an

epidemic worldwide (Vernon et al., 2011).

1.2.3. NAFLD pathophysiology

The second hit hypothesis was firstly proposed in which hyperglycemia and insulin
resistance lead to steatosis, is the first hit, and the oxidative stress and pro-inflammatory
cytokines can lead to hepatocyte apoptosis, recruitment of inflammatory cells and may
progress to fibrosis, is the second hit (Khedmat & Taheri, 2011; Zhang et al., 2018).
However, the pathogenesis of NAFLD was observed to be more complex and depending
on genetic, nutritional and environmental factors. The development of NAFLD and
progression of NASH is based on the timing and combination of the factors (Buzzetti et
al., 2016).

Abnormal steatosis in hepatocytes is an essential process in the pathgenesis of NAFLD.
The source of these lipids is from the systemic circulation, de novo synthesis, reduced
degradation and reduced export from hepatocytes. Storing lipids as triglycerides is not
directly hepatotoxic, whereas diacyl glycerols, cholesterol, phosphatidylcholines, and
certain saturated fatty acids (FAS) are particularly toxic (Kara et al., 2018).

Insulin resistance (IR) is a key factor in NAFLD development. Insulin resistance increases

adipocyte lipolysis by decreasing its inhibitory action on hormone-sensitive lipase in

adipose tissue, leading to increasing free fatty acid (FFA) in circulation, thus enhance liver

uptake of FFA (Paschos & Paletas, 2009). Hyperinsulinemia enhances de novo lipogenesis

and inhibiting B oxidation that lead to lipid accumulation in the liver (Buzzetti et al., 2016).
4



In addition, insulin resistance reduces plasma adiponectin levels that increase insulin
sensitivity and reduce inflammation and increase adipocyte cytokine leptin that plays a role
in reducing body weight and fat mass (Pappachan et al., 2017). Homeostatic model
assessment for insulin resistance (HOMA-IR) is a sensitive and specific method for
measuring IR. HOMA-IR measurement based on serum fasting glucose and insulin levels
(Buzzetti et al., 2016).

Steatosis activate the transcription factor nuclear factor kappa b (NF-xp) which lead to
increase the production of pro-inflammatory cytokines such as tumor necrosis factor o
(TNF-a), interleukin (IL-6) and IL-1p which results in the recruitment and the activation of
kupffer cells, thus lead to inflammation condition (Cobbina & Akhlaghi, 2017).

Other potential process may interfere with the pathogensis of NAFLD is the alterations in
the composition and functions of the gut microbiota have been found to be associated with
NAFLD development (Pappachan et al., 2017). Gut microbiota can activate toll- like
receptor 4 (TLR-4) which is an activator to NF- kB and can also intervene in the
metabolism of the secondary bile acids such as deoxycholic acid that found to be
associated with the pathogenesis of hepatocellular carcinoma (Byrne & Targher, 2015).

Mitochondrial dysfunction which may happen as a result of excess fatty acid in the liver,
leads to the formation of lipid-derived toxic material and overproduction of reactive
oxygen species (ROS) in which they can activate kupffer cell and hepatic stellate cell

causing necrosis, inflammation, and fibrosis (Buzzetti et al., 2016).

Studies have identified many genetic changes that may be associated with the susceptibility
and progression of NAFLD. Among these are polymorphisms involved in the circadian
rhythm (CLOCK transcription factor), the signal transducer and activator of transcription 3
(STAT3), the multidrug resistance-associated protein gene (ABCC?2), the nuclear pregnane
X receptor (PXR), heme oxygenase-1 (HMOX-1), Fat mass and obesity-associated (FTO)
and PNPLA3 gene (Pappachan et al., 2017; Sookoian & Pirola, 2017). PNPLAS3 gene is
found in adipocytes and hepatocytes. It is thought to help regulate the lipogenesis and
lipolysis and the development of adipocytes. The PNPLA3 gene variation associated
with NAFLD is thought to lead to increased production and decreased breakdown of fats in
5
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the liver. Research is ongoing to determine how the genetic changes contribute to the
development of NAFLD and its complications (Kara et al., 2018).

1.2.4. NAFLD diagnosis

A liver biopsy is the gold standard method for staging the disease. However, due to its
invasiveness, procedure complications, histopathologist variation and the cost, many other
methods were found to diagnose NAFLD (Torres & Harrison, 2008). Liver
aminotransferase AST and ALT levels are the most commonly used methods for screening
of NASH. The ALT levels are higher than the AST levels in most cases, however, many
individuals with severe NASH have more elevated AST serum level than ALT (Khedmat
& Taheri, 2011). Other non invasive method is serological markers, such as serum
autoantibodies. Antinuclear antibodies are strongly associated with insulin resistance,
reactive oxygen species (ROS), adiponectin and leptin as markers for insulin resistance,
increased c-reactive protein (CRP), cytokeratin 18 marker for hepatic apoptosis. Moreover,
imaging techniques are commonly used in NAFLD diagnosis such as ultrasonography
(US) which has high sensitivity, but without accurate staging of steatosis and with obesity
decreasing sensitivity of the method. Computed tomography CT is accurate and sensitive,
however, cannot distinguish simple steatosis from steatohepatitis. Magnetic resonance
imaging (MRI) is the most accurate method for diagnosis and quantification of hepatic
steatosis, with specificity, sensitivity and safety of MRI making it an ideal methodology to
assess and monitor hepatic steatosis. The limitations are the cost and the inability to
distinguish between NASH and NAFLD. Transient elastography (TE) provides an
estimation of liver stiffness and it is accurate in diagnosis of severe liver fibrosis but not in
the early stages. These methods are unreliable in the differentiation between NAFLD and
NASH (Paschos & Paletas, 2009; Torres & Harrison, 2008) .

1.2.5. NAFLD scoring system

To predict the progression of liver fibrosis, scoring systems using a combination of clinical
and laboratory parameters were established such as BAAT system based on BMI, age,
ALT and serum TG. Fibrotest that used markers of collagen synthesis and degradation,
including o2-macroglobulin, Haptoglobin, total bilirubin and apolipoprotein Al and
NAFLD fibrosis score used age, body mass index, platelet count, albumin level and
AST\ALT ratio (Oh et al., 2016; Torres & Harrison, 2008).

6



A liver biopsy is a reliable method for diagnosis, staging and predicts the prognosis of
NASH. Systems to standardize the interpretation of the histological diagnosis were
established (Oh et al., 2016). Burnt system, classified NAFLD into three types: mild,
moderate and sever based on steatosis, hepatocellular ballooning degeneration, lobular and
portal vein inflammation. In addition, this system classified liver fibrosis into four stages
(Oh et al., 2016). Activity Score (NAS), proposed by the NASH Clinical Research
Network (CRN) is calculated by the sum of scores of steatosis (0-3), lobular inflammation
(0-3) and hepatocyte ballooning (0-2) with final score ranging from 0 to 8. If NAS score
was less than 3 then it is correlated with non-NASH, whereas score of 3-5 is considered
suspicious NASH and more than 5 is definitive NASH (Juluri et al., 2011).

1.2.6. NAFLD treatment:

There is no fully effective treatment for NAFLD. However, to improve the steatosis and
prevent the progression, treatment of the underlying risk factors are intervened, including
lifestyle intervention such as weight loss, increase physical activity, diet (Pappachan,
Babu, Krishnan, & Ravindran, 2017). A 7%-10% weight loss is required to improve
hepatic inflammation but the minority of patients are able to do (Zhang et al., 2018).
Antioxidants drug, insulin-sensitizing drugs such as Metformin, thiazolidinediones, and
lipid-lowering drugs are used to improve the metabolic conditions (Torres & Harrison,
2008).

1.3 Mucosal-associated invariant T (MAIT) cells

1.3.1. MAIT cell discovery

Mucosal-associated invariant T (MAIT) cells are a subset of innate-like T lymphocytes,
first described in 1993 by Porcelli et al. as a new T cell population expressed invariant
TCR-a chain Va7.2Ja33 (Gapin, 2014; Napier et al., 2015; Xiao & Cai, 2017). In 1999,
Treiner et al. observed that these cells are conserved within mammalian species. Later, in
2003, Treiner et al. gave the name MAIT cells for them as they found that they are
enriched at the mucosal tissue, including the gut lamina propria. They also described the
monomorphic class I-related MHC molecule, MR1, as the restricted antigen presenting
molecule for MAIT cells (Xiao & Cai, 2017). Two studies in 2010, Le Bourhis et al. and
Gold et al. showed the antimicrobial activity of MAIT cells against bacteria and fungi
(Gapin, 2014; Howson et al., 2015; Kurioka et al., 2016; Napier et al., 2015; Reantragoon
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et al., 2016). In 2012, the discovery of MR1 ligands by Kjer-Nielsen et al. which were
vitamin B, pathway metabolites, led to conclusion that MAIT cells are activated by
microbes possess the riboflavin pathway (Chiba et al., 2017; Hinks, 2016; Howson et al.,
2015).

1.3.2. MAIT cell an innate-like T lymphocyte

MAIT cells are non-conventional T cells act as a bridge between the adaptive and innate
immunity. Like conventional T cells, they are TCR and MHC dependent cells, however,
they express a semi-invariant TCR-a chain that has a limited diversity, and they are
restricted to non-polymorphic MHC class I-related molecule, MRI, that presents vitamin
B, derivatives unlike to conventional T cells that are activated by peptide antigen presented
by MHC-1 or MHC-II (Brozova et al., 2016; Howson et al., 2015; Xiao & Cai, 2017).
MAIT cells like conventional T cells undergo TCR rearrangement and positive selection in
thymus but unlike conventional T cells that require an antigenic activation in the periphery
to gain the effector function. MAIT cells acquire it in the thymus that makes MAIT cells
similar to innate immune cells in the speed of response (Napier et al., 2015). Despite that
MAIT cells are developed in the thymus, they have a distinct development pathway from
the conventional T cells (Chandra & Kronenberg, 2015). Phenotypically, MAIT cells
egress the thymus naive as the conventional T cells then in the periphery they gain the
memory phenotype (Howson et al., 2015; Napier et al., 2015). MAIT cells also produce
pro-inflammatory cytokine and cytotoxic molecules upon activation in similar to
conventional CD8" effector T cells (Chandra & Kronenberg, 2015; Napier et al., 2015).

1.3.3. MAIT cell phenotype

MAIT cells are subset of af T cells characterized by a semi-invariant TCR-a chain with
highly abundant in human Va7.2-Ja33 although Va7.2-Jal2 or Va7.2-Jo20 are also found
by a minority of MAIT cells, and associated with B chains predominance with VB13 and
VP2 (Brozova et al., 2016; Kurioka et al., 2016; Xiao & Cai, 2017). This invariant TCR

and MR1 are conserved in mammalian species (Xiao & Cai, 2017).

MAIT cells have a naive phenotype after migration from thymus, in the periphery they
exhibit memory phenotype CD45RO+, CCR7-, CD62Llo, CD95", CD122™, CD127", this

memory phenotype is termed as effector memory-like due to the absent of CD62L and
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CCRY7, and the quick response to stimulation that resemble to conventional effector
memory T cells (Berkson & Prlic, 2017; Howson et al., 2015; Kurioka et al., 2016; Napier
et al., 2015; Reantragoon et al., 2016; Ussher et al., 2014).

MAIT cells also express the transcription factor promyelocytic leukemia zinc finger
(PLZF) which is responsible for the innate-like effector function in nonconventional T
cells (Berkson & Prlic, 2017; Napier et al., 2015). Other transcription factors express on
MAIT cells are Helios, Eomes, T-bet that associated with IFN-y production and retinoic
acid-related orphan receptor (ROR) yt which associated with the ability to produce
interleukin-17 (IL-17) (Kurioka et al., 2016; Ussher et al., 2014). NKG2D is transcription
factor also express by MAIT cells that activate NK receptor and enhance the cytotoxicity
in NK cell (Brozova et al., 2016).

The high and early expression of the C-type lectin-like receptor is used in the definition of
MAIT cells with co-expression of TCR a chain Vo.7.2+ CD161++ in many studies
(Kurioka et al., 2016). MAIT cells can also be defined by the unique high expression of
IL-18R (Ussher et al., 2014). MAIT cells also express cytokine receptors, including IL-7a,
IL-12R, IL-18R, IL-2Rp and IL-23R, activation markers such as, CD25, CD69 and CD38,
and tissue homing receptors such as, CCR2, CCR5, CCR6, CXCR6, CCR9, CD103 and
a4B7 integrin which indicate their ability to migrate to tissue as well as to the site of
infection(Howson et al., 2015; Kurioka et al., 2016; Reantragoon et al., 2016; Xiao & Cal,
2017). The proliferation marker Ki67 is found to be expressed by MAIT cells which
indicate the proliferation ability of MAIT cells in the presence of IL-1 and IL-8
(Reantragoon et al., 2016).

MAIT cells have three subsets: the predominance CD8+ with 95%o0f MAIT cell express
the homodimer form CD8aa than CD8af unlike to the CD8+conventional T cell that
expresses CD8 af only (Brozova et al., 2016; Kurioka et al., 2016). Other subsets are
double negative DN and only 2-11% of MAIT cells in blood express CD4 (Kurioka et al.,
2016; Xiao & Cai, 2017). These subtypes are shown to have discrepancies in their
frequency and function. As DN MAIT cells are more resistant to aging than CD8+ MAIT
cells, but CD8+ MAIT cells produce more INF-y and IL-17 than DN MAIT cells.
Moreover, the CD8+ MAIT cells, mainly produce Thl cytokine such as INF-y, whereas
9



CDA4+ subset produces both Thl and Th2 cytokine, like INF-y and IL-4 (Brozova et al.,
2016; Lee et al., 2014). MAIT cells are a heterogeneous group in their phenotype and
activation response that might render to the diversity of B chain, despite the early
consideration that MAIT cells are homogeneous group due to the conserved MR1 and the
limited ligands are known to date (Dias et al., 2017). It is also found that the circulating
MAIT cell frequencies increased with age to reach the adult levels, then decline with age
irrespective of the gender (Lee et al., 2014).

1.3.4. MAIT cells tissue distribution

The expression of the chemokine receptor CCR9, CXCR6 and gut homing integrin o4p7
and CCR9", conferring MAIT cells' ability to home in tissue especially in the liver, lung,
and intestine. Due to the lack of CCR7 and CD62L expression, MAIT cells are not
qualified to home in lymph nodes (Kurioka et al., 2016).

MAIT cells are enriched in the intestine with different frequency in different anatomical
location, a higher frequency found in the jejunum of about 60%of T cells, colon (10% of T
cells), and lower frequency in ileum and rectum. MAIT cells also enriched in the liver with
about 20-50% of T cells, in the blood of 1-10% of T cells, in lung, kidney, prostate, ovaries
(Howson et al., 2015; Kurioka et al., 2016).

It was found that MAIT cells differ in their phenotyping according to the tissue. For
instance, a study about the analysis of the o-chains found out that in tissue the
predominance was Va7.2-Jal2, whereas Va7.2-Ja33 was in the blood (Howson et al.,
2015). Another study revealed that fetal mucosal tissue and the female genital tract MAIT
cells produce more IL-17 and 1L-22 than MAIT cells in blood when stimulated with either
bacteria or phorbol 12-myristate 13-acetate (PMA) /ionomycin (Berkson & Prlic, 2017,
Pappachan et al., 2017). Moreover, almost all liver MAIT cells found to express high
levels of the activation marker CD69, CD38, and HLA-DR and be more active than those
in blood, this reflects the continuous antigen exposure (Howson et al., 2015; Kurioka et al.,
2016).
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1.3.5. MAIT cell activation

MAIT cells are functionally defined as innate-like T cells that can rapidly produce pro-
inflammatory cytokine mainly Thl type cytokines (INF-y, TNF-a) and Th-17 type
cytokines (IL-17, 1L-22), and cytolytic products such as granzymes mainly GrA, K, B and
perforin which give them the ability to kill the infected cells (Howson et al., 2015; Kurioka
et al., 2016; Xiao & Cai, 2017). They also have the ability to help B cells (Xiao & Cai,
2017). Since MAIT cells produce IL-17 and IL-22, it is suggested that they have a role in
epithelial integrity and tissue homeostasis (Berkson & Prlic, 2017).

MAIT cells can be activated by the MR1 dependent manner in which antigen-presenting
cells present metabolites derived from the riboflavin biosynthetic pathway of bacteria and
yeast interact with MHC class I-related protein (MR1). Therefore, MAIT cells are
activated by bacteria and yeasts possessing the riboflavin synthetic pathway, including
Mycobacterium. abscessus, E.coli, Salmonella. enterica, Klebsiella. pneumonia,
Staphylococcus. aureus, Staphylococcus. epidermidis, Pseudomonas. aeruginosa,
Lactobacillus. acidophilus, Candida. glabrata, C. albicans, and Saccharomyces.
Cerevisiae (Kurioka et al., 2016). MR1 widely expressed across a various cells including
professional antigen presenting cells, epithelial cells and monocytes (McWilliam &
Villadangos, 2017; Riva et al., 2018). The majority of MR1 in the absence of ligand
resides in the endoplasmic reticulum ER, and in the presence of the ligand, MR1 has a
conformational change, including binding to 32-microglobulin and then the complex MR1-
B2-microglobulin-ligand egress to the cell surface to present the legend to MAIT cells
(McWilliam & Villadangos, 2017). MR1 present the pyrimidine intermediates from the
riboflavin pathway after the condensation with glyoxal and methylglyoxal molecules
derived from metabolic pathways including glycolysis (Keller et al., 2017). The most
potent MAIT cells activating ligands are pyrimidine compounds 5-(2-
oxopropylideneamino) -6-D-ribitylaminouracil (5-OP-RU) and 5-(2- oxoethylideneamino)
-6-D-ribitylaminouracil (5-OE-RU) (McWilliam & Villadangos, 2017). MR1 can present
molecules derived from the folic acid pathway, in addition to riboflavin pathway
intermediates, however, these molecules do not activate MAIT cells. Drugs and drug-like
molecules can also be presented by MR1 and can affect the function of MAIT cells (Keller
et al., 2017). A study by Dias et al. suggest that MAIT cells can adjust their response to fit
the different antigenic microbes. In this study they found a different response of MAIT
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cells toward E.coli and C.albicans, in which the response against E.coli showing most
rapid production of INF-y and TNF-a than did in C.albicans (Dias et al., 2017).

MAIT cells also shown to be activated in bacterial and viral infections which lack the
riboflavin pathway, and in the non-infectious diseases that confirm the activation of MAIT
cells through MR1 independent manner. MAIT cells can be stimulated by IL-18 in synergy
with other inflammatory cytokines such as IL-12, I1L-15, IL-7 and IL-23 (Kurioka et al.,
2016; Wong et al., 2017; Xiao & Cai, 2017). Upon activation of MAIT cells in viral
infection, they are found to produce copious amounts of INF-y, an antiviral cytokine, TNF-
a which have an antiviral activity such as reduce spreading of hepatitis C virus (HCV) and
granzyme B that license cell for the cytotoxic function (Ussher et al., 2018). For the
acquisition of the effector function of MAIT cells in a MR1 dependent manner, the
synergy between the inflammatory cytokine signals and TCR signals is needed for efficient
effector response. This synergy is critical since MAIT cells present in mucosal tissue that
have commensal bacteria may produce the riboflavin metabolites. However, activation
through inflammatory cytokine is sufficient to induce the effector function of MAIT cells
(Berkson & Prlic, 2017; Slichter et al., 2016).

A new study by Shaler et al. revealed that the activation of MAIT cells can be triggered by
superantigens (SAgs) produced by Staphylococcus. aureus and Streptococcus. pyogenes in
TCR VB dependent manner and more predominantly through cytokine manner mainly
through IL-18 and IL-12 by producing INF-y, TNF-a, and IL-2 but not IL-17. They also
found that MAIT cell responsiveness to SAgs is more rapid and higher than conventional T
cells and other non-conventional T cells including invariant natural Killer T (iNKT) cells
and yd T cells. However, they found that the hyperinflammatory condition of MAIT cells
toward SAgs renders them to be anergy which means they become unresponsive to
bacterial Ag-MR1complex. These findings demonstrate the role of MAIT cells in
antimicrobial immunity and the potency in utilizing MAIT cells in therapy of SAgs related
diseases (Sandberg et al., 2017; Shaler et al., 2017).

A newly revealed function of MAIT cells is the ability to help B cells by inducing B cell

plasmablast and antibody production. A study by Micheal et al. found that MAIT cells

upon activation release cytokines promote this function including, IL-2 which induce B-
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cell differentiation and proliferation, IL-6 that enhance production of 1gG, IL-10 promote
B-cell survival, proliferation, and antibody production, IL-21 promotes B-cell proliferation
and IFN-y augment antibody production and entry into the S phase in human B cells
(Bennett et al., 2017).

1.3.6. MAIT cells in diseases

Many studies suggestes the important roles of MAIT cells in diseases, including infectious
and noninfectious diseases. In 2010, Le Bourhis et al. and Gold et al. studies gave the first
evidence in the antimicrobial role of MAIT cells. These studies found that in
M.tuberculosis infection, the circulating MAIT cells were lower than the healthy subjects.
Le Bourhis et al. study showed that MAIT cells frequency in ascites of a tuberculosis
patient is higher than those in ascites from patients with malignancy. These findings
suggest that MAIT cells might migrate to the site of infection (Le Bourhis et al., 2010;
Reantragoon et al., 2016).

In addition, Grimaldi et al. found that the early depletion in the frequency of peripheral
MAIT cells in intensive care unit patients with sepsis was associated with increased
susceptibility to secondary infection (Grimaldi et al., 2014). In Booth et al. in vitro study,
MAIT cells were found to be less frequent in the blood of H.pylori patients than in healthy
individuals, and MAIT cells of patients were able to release Thl and Th2 cytokines and to
kill infected macrophages (Reantragoon et al., 2016). Another study on patients with scrub
typhus infection caused by Orientia.tsutsugamushi revealed a decrease in the frequency of
MAIT cells in the blood of patients compared to healthy which correlate with the disease
severity (Berkson & Prlic, 2017).

Although MAIT cells are activated through recognition of MR1 presenting vitamin B2
metabolites which are lacking in viruses, MAIT cells have the antiviral activity through a
combination of 1L-18 and other pro-inflammatory cytokines. An in vivo and in vitro study
by Wilgenburg et al. revealed the ability of MAIT cell to be activated by dengue virus
(DENV), hepatitis C virus (HCV) and influenza virus in MR1-independent manner (van
Wilgenburg et al., 2016). Many studies showed the depletion in peripheral MAIT cell
frequency in the blood of human immunodeficiency virus (HIV) patients. Moreover,
circulating MAIT cells in HIV patients have a reversible dysfunction that restored after
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anti-retroviral therapy (Reantragoon et al., 2016). Bolte et al. found that the frequency of
MAIT cells was lower in the blood and liver of HCV patients when compared with
controls. In addition, they found that the frequency of liver MAIT cells in those patients

was inversely correlated with liver inflammation and fibrosis (Bolte et al., 2017).

MAIT cells also play a potent role in the non-infectious diseases that proved in many
studies. The frequency of peripheral MAIT cells in ankylosing spondylitis found to be
lower than the healthy controls. However, synovial fluid of ankylosing spondylitis patients
have a higher frequency of MAIT cells than in healthy controls, which reflect their
recruitment to the inflamed joints. In addition, they also found that MAIT cells in synovial
fluid highly express IL-17 phenotype in response to IL-7 activation (Gracey et al., 2016).
Chiba et al. suggest that MAIT cells frequency is reduced in peripheral blood of patients
with systemic lupus erythematosus, which may occur due to activation-induced cell death.
Moreover, they observed that MAIT cell activation reflected the disease severity (Chiba et
al., 2017). The depletion in the circulating MAIT cell frequency that was associated with
the enrichment of MAIT cells in the inflamed tissue was observed in many conditions,
including inflammatory bowel disease, multiple sclerosis, alcoholic liver disease and
nonalcoholic steatohepatitis (Gapin, 2014). It is plausible that MAIT cells may have a role
in cancer as they can produce INF-y which enhance tumor-specific T cell responses and
IL-17 that promote the expansion and accumulation of immunosuppressive neutrophils and
myeloid-derived suppressor cells (Kurioka et al., 2016). In addition, MAIT cells found to
express the ATP binding cassette (ABC) B1 drug resistance transporter which allows
MAIT cells to efflux drugs and to persist during chemotherapy of acute myeloid leukemia

or breast cancer (Ussher et al., 2014).

1.3.7. MAIT cells in diabetic and obese patients

Due to MAIT cell's location in mucosal tissue that makes them in close to the microbiota,
and the fact that MAIT cells depend on microbiota in their development, it was expected
that MAIT cells may have alterations in dyshiotic condition (Constantinides, 2018). MAIT
cell share the ability to maintain the gut integrity and homeostasis through the production
of IL-17 and IL-22. Alteration in microbiota is observed in patients with type 1diabetes
(T1D), type2 diabetes (T2D) and obesity that could lead to indirectly induce MAIT cell
activation. In addition, the plasma levels of methylglyoxal, a molecule that condenses with
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an intermediate of riboflavin pathway to form pyrimidines which are the most potent
MAIT cells activating ligands, are found to be elevated in T1D and T2D patients
(Magalhaes et al., 2015a).

Rouxel et al. study revealed a decrease in MAIT cell frequency in the blood of children
with recent onset of T1D when compared to healthy children. This depletion might be due
to the migration of MAIT cells to the site of infection, in this case, is the pancreas. They
also showed the expression of activation and exhaustion markers including, CD25,
programmed death-1 (PD-1) and BCL2. Moreover, they also found an increase in the
frequency of MAIT cells in the pancreas of nonobese diabetic (NOD) mice, as well in their
production of INF-y and granzyme B which was found to directly contribute to pancreatic
B cell killing (Rouxel et al., 2017).

In T2D and obesity, circulating MAIT cells were found to be reduced in frequency, but had
a higher IL-17 production. In addition MAIT cells in adipose tissue of obese patients
showed a higher frequency and activation phenotype represented by the upregulation of
CD25 and CD69 expression, as compared to lean controls. Similary, 1L-17 production in
adipose tissue of obese patients was increased in correlation with insulin resistance that
might participate to the obesity-related inflammation and insulin resistance (Carolan et al.,
2015; Magalhaes et al., 2015b). After Bariatric surgery, the frequency and function of
MAIT cells in peripheral blood of obese patients was found to be restored (Magalhaes et
al., 2015b).

1.3.8. MAIT cells in liver

The liver is the immunologic organ that is in continuous exposure to microbial and food
antigens from the gut. The presence of MAIT cells in mucosal barrier, the high enrichment
of MAIT cells in the liver and their rapid antimicrobial function render MAIT cells a
plausible population that might contribute to both maintenance of liver and inflammation
of liver in diseases (Bolte & Rehermann, 2018; Kurioka et al., 2016).

MAIT cells express the tissue homing chemokine receptors CCR6, CXCR6, and the

integrin aEB7 in health and disease condition. However, in inflammation the intrahepatic

MAIT cells expresses a higher level of CXCR3, a ligand for IFN inducible chemokine
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CXCL9, CXCL10 and CXCL11 that are upregulated on inflamed liver sinusoids (Jeffery et
al., 2016). Upon liver inflammation, MAIT cells can be activated by IL-18 that present at
high levels in the inflamed liver, and by the MR1 dependent manner in which biliary
epithelium cells can act as non-professional antigen presenting cells in addition to
macrophages and liver B cells to release IFN-y, TNF-a, IL-17 and granzyme B that drive
killing of infected cells (Jeffery et al., 2016).

In a study of MAIT cells in alcoholic liver disease, Riva et al. have reported depletion in
blood MAIT cells accompaned with increasing the expression of the activation marker and
impaired antimicrobial function that correlated with the disease severity. In addition, they
refer this observation to the dysbiosis and loss of gut integrity that was well characterized
in alcoholic liver disease patients (Riva et al., 2018). In chronic liver diseases, MAIT cells
exhibit reduction in their frequency and impaired antimicrobial function which reduces of
the liver immunity function and increase of bacterial infection susceptibility a major cause
of mortality in cirrhosis (Bolte & Rehermann, 2018). Tang and colleagues found that
MAIT cells function is regulated by IL-1, IL-23 and-7 that is secreted by hepatocytes
during liver fibrosis. 1L-17" MAIT cells found to play a role in the pathogenesis of various
chronic diseases, including alcoholic, metabolic, viral and autoimmune liver disease
(Toubal & Lehuen, 2016). Bottcher et al. findings showed that MAIT cells induce hepatic
stellate cells (HSC) proliferation and activation in which HSC produced a large amount of
extracellular matrix protein that contributes to fibrosis. In addition, they found that this
pro-fibrogenic role of MAIT cells is dependent on IL-17 and cell-cell contact between
MAIT cells and HSCs (Bottcher et al., 2018). For their phenotype, function, and
contribution in diseases, MAIT cells represent novel therapeutic, diagnostic and prognosis

marker that is under investigation.

1.4 Problem Statement

NAFLD is a spectrum disease range from simple steatosis to steatosis with liver injury and
inflammation that is termed as NASH. NASH has complications of cirrhosis and
hepatocellular carcinoma (HCC). Around 13%of HCC is developed from NAFLD disorder
(Paschos & Paletas, 2009). The prevalence of disease is rapidly increasing since it is
associated with metabolic syndrome, especially obesity, diabetes mellitus and insulin
resistance. In all stages of fibrosis, the disease is asymptomatic and lab test doesn’t
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necessary reflect liver injury as ALT could only reflect acute liver disease and its levels are
reduced along disease progressions (Oh et al., 2016). MAIT cells may play a role in the
inflammation of the liver. However, the intervention of MAIT cells in the progression of
NAFLD has not been explored. Thus, MAIT cells create an area for research to be used as

diagnostic, prognostic and prospectively therapeutic tool.

1.5 Study justification

A liver biopsy is the gold standard method for the diagnosis of NAFLD. However, it has
some limitations: It is an invasive method that holds a pain and a high risk to the patients .
The cost of liver biopsy is high. The sample taken could lack accuracy and may not reflect
the stage of the disease Inexperience pathologist (Pappachan et al., 2017). The research
currently aims to focus on a MAIT cell as a cell population marker with good diagnostic
and prognostic approach. MAIT cells are an attractive target that may interfere with the
pathogenesis of NAFLD disease. MAIT cells are still not studied thoroughly and their

function is not fully understood.

1.6 Study Aims
e To determine the frequency and phenotyping characteristics of MAIT cells in
different stages of fibrosis in NAFLD patients as compared with healthy donors.
e To evaluate the possibility of MAIT cells to predict the severity of liver fibrosis in
NAFLD patients.

1.7 Hypothesis

e MAIT cells could be of a great significance in the diagnosis of NAFL disease and

in the prediction of liver fibrosis stage in patients with NAFLD.
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Chapter Two

Materials and Methods

2.1 Materials

Materials and chemicals used in the experiment are:

Sodium Citrate blood collection tubes or heparin blood collection tubes
Plain blood collection tubes

Phosphate buffer saline (PBS) (biological industries)

Conical tubes

5mL polystyrene plastic tubes to apply in a flow cytometer

Centrifuge

Pipettes

O N o g s~ WD PE

Ficoll-paque (isolation of mononuclear cells from human peripheral blood by

density gradient centrifugation provided from Pharmacia)

9. Easy step direct human T cell isolation kit (Miltenyi Biotec)

10. EasyEights magnets (Catalog#18103) or the Big Easy magnet (Calalog#18001)

11. Formaldehyde for fixation

12. 0.1% saponine for permeabilization

13. Monoclonal antibodies (mADbs):

I.  Phycoerythrin(PE)-Cy7-A- conjugated anti TCR Va7.2 (Miltenyi Biotec)

Il.  Fluorescein isothiocyanate(FITC)-A- conjugated anti CD161(R&D systems
USA)

18



VI.
VIL.

VIIIL.

XI.

Peridinin chlorophyll protein complex (PerCP)- conjugated anti CD69
(R&D systems USA)

Pacific blue (PB)- conjugated anti tumor necrosis factor o (TNFa) (R&D
systems USA)

Allophycocyanin (APC) -A- conjugated anti interleukin 17 (IL-17) (R&D
systems USA)

Allophycocyanin(APC) conjugated anti CD38 (R&D systems USA)
Peridinin chlorophyll protein complex (PerCP)- conjugated anti CD45
(R&D systems USA)

Pacific blue (PB)- conjugated anti CD3 (R&D systems USA)
Allophycocyanin (APC) -A- conjugated anti interleukin 17 (IL-17) (R&D
systems USA)

Allophycocyanin (APC) conjugated anti insulin receptor (R&D systems
USA)

An lIsotype immunoglobulin G (IgG) for each antibody labeled with the
corresponding fluorochrome used as control (from the same company of

each antibody)

14. BD LSR Fortessa (flow cytometer)

15. Aluminium foil

16. Ice

17. Quantibody human cytokine arrayl kit (RayBiotech, Inc. Cat#fQAH-CYT-1)
18. Distilled water

19. Polypropylene Microcentrifuge tubes
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2.2 Methods
To summarize the methodology that was used, figure 2.1 is illustrated the design of the

study.
Methodology
|
Patients recruitment
Clinical characterization Blood sampling
l i l
Statistical analysis PBMCs extraction Cytokine measurment

A

T cells extraction

MAIT cells phenotyping

(Flow cytometry)

Figure (2.1) Flow chart for the methodology that was used.

2.2.1 Study Population

A stratified convenient sample of 25 histologically documented NAFLD cases with mean
of 39.9+9.8 years and 5 healthy controls subjects with maen of 31+1.4 years were collected
at Hadassah hospital between November2016 to July 2017. Additionally, three patients
with cirrhosis and three healthy donors were recruited in January 2018. All the participiant

were men to avoid the gender bias.
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Only NAFLD-patients were off therapy at the time of liver biopsy are included to avoid
their phenotypic and functional effects on lymphocytes. Patients on steroid administration,
recent use of warfarin, metformin, thiaglitazones and insulin for more than one month or
any use in last 2 months, or daily alcohol intake >20 gm/day were excluded. Also cases
with other competed etiology of liver disease, including viral hepatitis, autoimmune
disease, hemochromatosis, Wilson's disease, alpha-1-antitrypsin disease, alcohol or any

toxicity were excluded.

2.2.2 Ethical considerations
All subjects who agreed to precipitate were informed briefly about the subject and all

signed approval consent (appendix 1) in conformity with the declaration of Helsinki.

2.2.3 Clinical characterization

Body mass index (BMI), serum cholesterol (LDL and HDL) and triglycerides (TG), serum
levels of alanine aminotransferase (ALT), hemoglobin-Alc (HbAlc) levels, insulin
resistance (calculated according to Homeostasis Model Assessment HOMA) and serum
insulin levels were held from the patients' files in the hospital. All biopsies were assessed
for the fibrosis severity using NAFLD activity score (NAS) and fibrosis score (Metavir) by
pathologist.

2.2.3.1. Homeostasis Model Assessment —insulin resistance HOMA-IR

HOMA-IR is the most sensitive and specific method for measuring insulin resistance
{Barseem, 2015 #11}. HOMA-IR was calculated using the formula: HOMA-IR = fasting
glucose (nmol/L) x fasting insulin (uU/mL)/22.5. HOMA-IR values greater than or equal
to 2.0 or 2.5 is the value used to distinguish between NAFLD patients and healthy controls
(Tang et al., 2015).

2.2.3.2.NAFLD activity score (NAS)

NAS calculated by the aggregate of scores of steatosis (0-3), lobular inflammation (0-3)

and hepatocyte ballooning (0-2) with final score ranging from 0 to 8 (Goodman, 2007).
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2.2.3.3.fibrosis score (Metavir)

The Metavir score grades the level of fibrosis on a 5-point scale from 0 to 4 and the
activity, which is the amount of inflammation, is scored on a 4-point scale from A0 to A3.
Fibrosis score staged as: FO = no fibrosis, F1 = perisinusoidal or periportal, F2 =
perisinusoidal and periportal, F3 = bridging fibrosis, F4 = cirrhosis. The Activity score: A0
= no activity, A1 = mild activity, A2 = moderate activity, A3 = severe activity (Goodman,
2007).

2.2.4 Sample Collection and Preparation

Five heparin or sodium citrate tubes and one plain tube were collected from each
participant at the time of liver biopsy. Plain tube was applied for measurement of certain
cytokines in serum, whereas all heparin or citrate tubes were used for isolation of
mononuclear cells by density gradient centrifugation. For more purity, peripheral blood
mononuclear cells (PBMCs) were used. PBMCs were purified from heparinized or citrated
blood by transferring all the five tubes to large tube and then a dilution with phosphate
buffer solution (PBS) in one to one ratio was prepared. After that the diluted cell
suspension was carefully added in 90° degree over a Ficoll-paque in one to one ratio. After
centrifugation at 1600 rpm for 20 minutes without brake and accelerate, the mononuclear
layer cell layer was carefully transferred to a new conical tube by pipette. The
mononuclear cell layer was then centrifuged at 1600 rpm for 10 minutes at 4C° with brake
and accelerates. After centrifugation the cell pellet was resuspended in 1ml of PBS for
either immediate processing for the next step or for freezing at-20C°until used.

2.2.5 Isolation of T cells using direct human T-cell isolation kit

For more purity, direct human T-cell isolation kit was used in purifying T cell. The
principal of the kit is to isolate T-cell from human blood samples by immunomagnetic
negative selection. PBMCs that were purified by centrifugation over a Ficoll-paque
gradient were applied to the kit according to the manufacturer's instructions (appendix 2).
Following the kit instructions whole blood samples should be used, however, PBMCs

samples were found to be more accurate to use.
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2.2.6 Flow cytometric analysis

The isolated cells that were obtained from direct human T cell isolation kit were
centrifuged at 1600 rpm for 10 minutes. The pellet was then fixed by adding 20pl
4%fFormaldehyde /100ul PBS for 1 minute on ice. Then 300ul of PBS were added and
Centrifugation at 1600 rpm for 10 minutes in 4C° was done to stop the action of
formaldehyde. The pellet then was resuspended in 300ul of PBS and stored in the
refrigerator until the mixture of monoclonal antibodies was prepared. The monoclonal
antibodies (mAbs) of anti TCR Va7.2 (PE-Cy7), anti CD161 (FITC), anti IL-17 (APC)
were used for all samples, whereas anti CD69 (PerCP), anti TNF-a (PB) and were used for
all samples except of three F1 patients. Anti CD38 (APC) was used for some samples. The
mixture of mAbs was prepared with ice by adding 2-5ul of each antibody diluted in PBS
medium. For the intracellular staining of TNF-a and IL-17, 100ul of 0.1% saponine was
added to the antibody mixture. Then the antibody mixture was added to the cells and
incubated for 20-45 minutes on ice. Washing were performed to remove the unbound
antibody was done three times by centrifugations at 1600rpm for 10 minutes at 4C° and
adding 300 pl PBS for each time. Finally, the samples were analyzed by a flow cytometer
(BD LSR Fortessa). Data were analyzed by FACS express3 software.

Each sample was tested in triplicate. The mAbs are sensitive to light so they must be
covered with aluminium foil. Unstained cells were used as negative control and to remove
the possible effect of autofluorescence. Single staining cells were applied to determine the
level of compensation. IgG isotypes control for each antibody labeled with the same
fluorochrome of their corresponding were also used to remove the background staining.
The variabilty in the antibodies that were used was due to the availabilty of these

antibodies.

2.2.7 Insulin receptor detection by flow cytometeric analysis

Three F4 samples and three healthy samples were used for this experiment. Peripheral
blood mononuclear cells (PBMCs) were pulled from the six samples by density gradient
centrifugation as described in section 2.2.3. For flow cytometric analysis, the samples
stained by anti CD45(pan leukocyte marker), anti CD3(pan T cell marker), anti CD161,

anti TCR Va7.2 and anti-insulin receptor as described in the previous section.
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2.2.8 Cytokine measurement

Cytokine levels were measured using quantibody human cytokine array 1 kit. Serum for
five serum samples from each fibrosis stage except of F3 and five healthy samples were
evaluated for their cytokine levels according to the manufacturer's instructions (appendix
3). Multiplex Sandwich ELISA-based quantitative array is the precept of the kit. Data
analysis of the multiple cytokines was performed using the Quantibody Q-Analyzer, an
Excel-based program. Results are presented in pg/ml. The exception of F3 patients was due
to that the wells were provided in the kit were not enough for all samples and F3 is

histologically similar to F4.

2.2.9 Statistical analysis

Statistical analyses were performed using Microsoft Excel or Graph Pad Prism. Data were
subjected to Kolmogorov-Smirnov normality test as well as to Shapiro-Wilk normality test
and all data were normally distributed so parametric tests were used. All clinical, serum
and histology parameters were compared between groups using the unpaired t-test. The
flow cytometry results of patients and healthy donors were compared using un-paired t-
test. Pearson’s r coefficient for correlation test was used. Statistical significance was

determined at p value <0.05.
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Chapter Three

Result

3.1 HOMA-IR scores are associated with increased liver fibrosis
Twenty-five NAFLD patients fulfilled the inclusion/exclusion criteria, all are men with
mean age of 39.3+9.8 years and BMI mean of 29.19+9. The patients were stratified

according to their fibrosis score as shown in Table (3.1).

We found that LDL levels in NAFLD patients were within the borderline range (130-159
mo\dl). Whereas, the HDL levels and the TG levels in the patients were within the normal
range (40-50 mg\dl in men, 150-500mg\dl, respectively). The cholesterol profile findings
indicate that this profile can not be used in the prediction of NAFLD. We also observed
that there was no significant differences in age, ALT, Triglyceride, High density

lipoprotein and Low density lipoprotein were noted between fibrosis score categories.

BMI was not significantly correlated with the increased fibrosis score in our population
with p value equal 0.052. As expected HbAlc was within the normal ranges since the
selected patient population presented mild metabolic complications and were free of
medications. Increased fibrosis score significantly correlated with histologically detected
necro-inflammatory activity and the serum level of C-reactive protein. The patients were
share high CRP levels as the normal range of CRP is less than 1. This high level of CRP

was correlated with the inflammation process of NAFLD.
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HOMA scores levels were increased in F2,F3 and F4 patients with scores higher than the
normal range ( more than 2 is consider IR). In addition, serum insulin were also higher
than the normal range (less than 25mIU\ml) in advanced fibrosis stages. Moreover, the
increased in the HOMA scores and serum insulin was significantly correlated with fibrosis
score progressions and was prominent in patients with advanced fibrosis (p=0.001 and
p=0.05, respectively).

Table3.1: Characteristics of NAFLD patients according to Fibrosis score

Health Fibrosis (Metavir Score) (n=25) p.

Characteristics | Y TF1(1.2408) | F2(1.9%0.5) | F3(3.120.4) | FA(3.5:0.4) value
n =6 n =6 n =6 n=7

Age [years] 31214 | 36.6299 | 38.9%8.7 | 407+1l | 41.1+94 | NS
BMI 27.1%38 | 28.35+7.0 | 29.15+7.0 | 29.4+101 | 29.85:9.9 | 0.052
'[‘n?g'y dcl?o'eStem' 1214175 | 131.7426.6 | 124.7+21.4 | 134.7+29.1 | 143.7+29.1 | NS
HDL cholesterol | ) o2 | 408484 | 37.6¢06 | 37.3:65 | 385:35 | NS
[mg/dI]
[Tr;;%‘]:e”des 144+20.6 | 147.8+395 | 146.7431.6 | 150.2427.7 | 151.2+29.3 | NS
ALT [IUIL] 771%13.4 | 795+47.7 | 813355 | 78.9+350 | 89:357 | NS
Inflammatory NA 14407 1.640.6 2.040.0 22405 | 0.2
activity [A]
CRP (mg/dl) 27+11 | 31fL7 3315 4117 45:23 | 0.005
HbALC [%] 35+045 | 3308 49104 3.940.3 56+03 | 0.0006
Insulin levels NA 201+3.8 | 24.7+¢41 | 257+21 | 27.8#51 | 0.5
(mIU/ml)
HOMA-IR NA 1.8102 3.0:1.1 3310 5202 | 0.001

NAFLD: Non Alcoholic Fatty Liver Disease, HOMA: homeostasis model assessment, LDL: low-density
lipoproteins, HDL: high-density lipoproteins, TG: triglycerides, ALT: alanine aminotransferase, HbAlc:
Hemoglobin A1C. CRP: c reactive protein. HOMA-IR (homeostasis model assessment —insulin resistance)

3.2 Depletion in the frequency of MAIT cells in F4 NAFLD patients

Human MAIT cells are defined as CD161"" Va7.2". We determined the frequency of
MAIT cells in our samples by flow cytometry using anti-Va7.2 and anti-CD161 after
isolation of CD3+ cells by human T cell isolation kit (Figure 2.1A, 2.1B).

26



4
10 7
] - - 10
3 S - 1 21.57% 9.79%
e ' - ) 3.
] i o 10°7 —
2_. [-é E
10 E 102_5
1. @) b
10" e i =
: AR.230/ 2.319
o : ‘1'__5,6;33% ' /o
FSC-A 10 10 10 10 10

CDl61
Figure (3.1): .A) Representative dot plot of flow cytometry analysis of the CD3" cells. B) Shows the gate
drawn on our potential population, identified asVa7.2"CD161".

A significant depletion in the frequency of circulating MAIT cells was observed in F3-F4
patients with a mean frequency of 1.66%, 1.4% of T cells, respectively. Whereas the mean
frequency of MAIT cells in F2 was 3.97% of T cells and F1 patients were 10.62% of T
cells. Healthy MAIT cell frequency range was 11.2%-14.2% of T cells (Figure 3.1.C,
p<0.0001). We also found that the reduction in the frequency of MAIT cells in NAFLD
patients can predict severity of disease, as we found a significant difference among stages.
The p values of F1-F2, F2-F3 and F3-F4 were found to be far less than 0.05 (not shown in
the figure).
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Figure (3.1.C) Percentages of MAIT cells among T cells in patients with NAFLD stages. Each symbol
represents the value of one individual. The middle line indicates the mean. * p=0.025, ***p<0.001 assessed
by t test.
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3.3 Activation of MAIT cells is associated with increased liver fibrosis

Activation of Mucosal associated invariant T (MAIT) cells was determined by studying the
early activation marker CD69 and CD38. After the determination of our potential
population as double positive staining cells of CD161 and TCRVa7.2 in flow cytometry,
the percentages of cells express CD69 and CD38 was detected by flow cytometry using
anti-CD69 (Figure 3.2.A) and anti-CD38.

35.2%%

- 64.73%

perCP-anti-CD69

10° 0 10"

1
FSC-A

Figure (3.2.A) Flow cytometry dot plot represents the percentages of CD69 expressing cells.

An increase in the expression of CD69 was observed to be proportional to the increasing of
fibrosis score, as well in CD38. The mean of the percentages of CD38" among MAIT cells
was higher in advanced stages of fibrosis in which F3 and F4 patients CD38" cells was
20.1% and 32.7%, respectively, as compared with 8.5% in healthy subjects (Figure 3.2.B).
Whereas the mean of the percentages of CD69" among MAIT cells was 42.3,70.8%, 73.7%
and 78.4% in F1, F2, F3 and F4 patients, respectively, which is higher than the mean
percentages of CD69" cells among MAIT cells in healthy that 9.6% (Figure 3.2.C).
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represents the value of one individual. The middle line indicates the mean. ****p<0.0001 assessed by t test.
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Figure (3.2.C) Percentages of CD38" cells among MAIT cells in patients with NAFLD stages. Each symbol

represents the value of one individual. The middle line indicates the mean. * p=0.026, ***p<0.001 assessed

by t test.
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We also found that the increased in the expression of CD38 was significantly difference
among stages. The p values of F1-F2, F2-F3 and F3-F4 were 0.043, 0.002, 0.0007,
respectively. This significantly augmented expression was not found with CD69 among
F2-F3 and F3-F4. However, there was a significant increased in the expression of CD69

between F1-F2 patients with p value of 0.00001.

The activation of MAIT cells as was determined by the expression of CD69 was inversely

correlated with MAIT cell frequency (r=-0.95, p=0.011) as shown in figure (3.2.D).
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CD69+ MAIT cells

Figure (3.2.D) The correlation between MAIT cells frequency and CD69 expression.

3.4 Increased the frequency of IL-17+ MAIT cells is correlated with increased liver
fibrosis

As MAIT cells produce IL-17 upon activation, a pro-fibrogenic cytokine that were found
to be involved in the hepatic fibrosis development in autoimmune liver fibrosis and non-
autoimmune liver fibrosis (Bottcher et al., 2018; Toubal & Lehuen, 2016). To assess the
frequency of IL-17" MAIT cells, the cells were stained with anti-IL-17 and analyzed by
flow cytometry (Figure 3.3.A)
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Figure (3.3.A) A flow cytometry dot plot represents the percentages of IL-17" MAIT cells

There was a significantly higher IL-17" MAIT cells in liver fibrosis patients when
compared to healthy subjects as seen in figure (3.3.B). Moreover, this elevation was
significantly different among stages. The p values were less than 0.05 among F1-F2 and
F3-F4, but not between F2-F3 with p value of 0.03.
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Figure (3.3.B) Percentages of 1L-17" cells among MAIT cells in patients with NAFLD stages. Each symbol

represents the value of one individual. The middle line indicates the mean. ***p<0.001 assessed by t test.

IL-17 positive cells were found to be inversely correlated with the frequency of MAIT
cells, this illustrated in figure (3.3.C).
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Figure (3.3.C) The correlation between MAIT cells frequency and 1L-17" MAIT cells.

3.5 Increased TNF-a expression in F4 NAFLD patients

We further detected other immunological marker, the tumor necrosis factor a (TNF-a), a
pro-inflammatory cytokine contributes to the hepatic inflammation, apoptosis of liver cells
and induces the insulin resistance (Seo et al., 2013). The frequency of TNF-a" cell among

MAIT cells was determined by flow cytometer using anti-TNF-a as seen in figure (3.4.A)
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Figure (3.4.A) A flow cytometry dot plot represents the percentages of TNF-o” MAIT cells

Figure (3.4.B) shows a significant increase in the expression of TNF-a in F1, F2, F3, and

F4 when compared with healthy subjects. However, this elevation was found to be elevated
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mostly in F1 patients followed by a significant depletion in F2 (p<0.0005) then return to be
significantly augmented in F3 (p=0.01) after that a non significant elevation found in F4.
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Figure (3.4.B) Percentages of TNF-o" cell among MAIT cells in patients with NAFLD stages. Each symbol

represents the value of one individual. The middle line indicates the mean. ****p<0.0001 assessed by t test.

3.6 Alterations in the cytokine levels in the serum of NAFLD patients

To get an indication about the inflammatory cytokines that could mediate the stimulation
of MAIT cells, the patients’ sera tested to multiple cytokines using quantibody human
cytokine array 1. From the twenty cytokines tested, nine of them underwent a significant
alteration which are IL-1a, IL-1b, IL-2, IL-6, 1L-12p70, IL-13, GM-CSF, TNF-a and
MMP-9 (Figure 3.5, p<0.05).

The inflammatory cytokine IL-1, TNFa, GM-CSF and IL-12 were significantly increased

during the progression of the disease that may reflect a chronic activation of MAIT cells.
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Figure (3.5) Means of the cytokine level detected in the sera of 5 patients from each fibrosis stage F1, F2 and F4 and 5 healthy donors. N=5 in each group. P<0.05 between F1

and F4 groups.
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3.7 Decreased expression of insulin receptor in F4 NAFLD patients

For this experiment, we utilized six PBMCs samples, three from healthy individuals and
three from F4 NAFLD patients to detect their insulin receptor expression. CD45 a pan
leukocyte marker and CD3 pan T cell marker were used to determine T lymphocyte
population. Then double positive cells for CD161 and Va7.2 were determined as MAIT
cell population. After that, insulin receptor expression in MAIT cells was assessed. As
shown in figure (3.6), the insulin receptor was significantly reduced in F4 patients with
mean insulin receptor positive cells of 2.4%, as compared with 6.03% a mean insulin

receptor positive cells expressed on MAIT cells of healthy donors (p=0.021).
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Figure (3.6) Percentages of insulin receptor” cell among MAIT cells in patients with F4 stage. P=0.021

assessed by t test.
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Chapter Four

Discussion

4.1 Discussion

In the present study, we examined the frequency and the function of MAIT cells in 25
NAFLD patients with different stage of fibrosis compared to five healthy donors. Seven of
the NAFLD patients developed cirrhosis accompanied by hyperinsulinemia and insulin
resistance. Mean age at biopsy was 39.3+9.8 and BMI mean was 29.1929. Insulin
resistance (calculated by HOMA scores) and insulin serum levels in our patient population
increased during fibrosis progression which correlated with the consideration that NAFLD
is the hepatic manifestation of the metabolic syndrome (Bolte & Rehermann, 2018). We
also found that the body mass index (BMI) was increased with increased liver fibrosis
score as reported with other studies (Zelber-Sagi et al., 2017). However, this elevation was
not significantly which might be attributed to the small sample size. Similary, we found
that the necro-inflammatory activity and the serum level of C-reactive protein was
significantly increased with fibrosis progression and was associated with increased the
serum level of inflammatory cytokines (figure 3.5). We found an insignificant differences
in age, ALT, Triglyceride, High density lipoprotein and Low density lipoprotein between
fibrosis score categories. In contrast with a study by Hossain et al. on 432 patients with
histologically proven NAFLD in which they revealed that ALT and AST can be used as
predictor for fibrosis as they increased with advanced fibrosis stage (Hossain et al., 2009).
However, a recent longitudinal study revealed that liver steatosis is the best predictor for

fibrosis progression rather than the clinical and biochemical parameters (Lallukka et al.,
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2017). In our study, insulin resistance calculated by HOMA score can be used as a

metabolic predictor for liver fibrosis.

Non-alcoholic fatty liver disease (NAFLD) is a spectrum disease that includes a simple
steatosis to NASH; a progressive form of steatosis accompanied with inflammation and
injury and with or without fibrosis. 20% of NASH patients might further progress to
cirrhosis which increase the risk of hepatocellular carcinoma and liver failure. The
prevalence of disease is increasing with an estimation of 1 billion people worldwide have
NAFLD. The disease is asymptomatic and the reliable diagnostic procedure is the liver
biopsy. The prevalence is thought to be higher than estimated. Thus, there is a need to non-
invasive method for diagnosis. Moreover, there is no effective treatment for NAFLD which
increases the demand on focusing more on the disease management (Zhang et al., 2018).
The liver is enriched with immune cells. One of the largest T cells population in the liver is
MAIT cells, a novel innate like T cells that have the ability to recognize riboflavin
metabolite derived from microbes and also can be stimulated by cytokines that suggest the
important role of MAIT cells in the immunity and homeostasis of the liver (Kurioka et al.,
2016).

We investigated the frequency of MAIT cells present in our study population which are
defined as cells with double positive for CD161 and Va7.2. We demonstrated depletion in
the circulating MAIT cells in patients with NAFLD. A study by Jeffery at al. found a
similar depletion in the circulating MAIT cells in patients with chronic liver diseases
including alcoholic steatohepatitis, primary sclerosing cholangitis and primary biliary
cirrhosis (Jeffery et al., 2016). Despite the reduction in the circulating MAIT cells, we
observed an increase in the activation of MAIT cells as detected by the expression of the
activation marker CD69 and CD38.

The depletion and the activation of MAIT cells was reported in other chronic liver diseases
with different etiology (Bolte et al., 2017; Bottcher et al., 2018; Riva et al., 2018). We also
demonstrated that the depletion and the activation of MAIT cell levels in the peripheral

blood of NAFLD patients in correlation with the severity of fibrosis.
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In addition, we found an elevation in the serum levels of inflammatory cytokine IL-1a, IL-
1B, IL-6, TNF-a, GM-CSF and IL-12 (figure3.5). This elevation was associated with
fibrosis progression as in advanced fibrosis stages, the level of these cytokines was higher.
This finding was correlated with increased the activation level of MAIT cells, which may

elicit the independent activation manner mediated by cytokine.

Gut dysbiosis is found to be correlated with NAFLD (Pappachan et al., 2017). That might
give an additional possible way of MAIT cell activation by bacteria translocation from the

gut to the liver.

The dramatic reduction in MAIT cell levels could be as a result of their recruitment to the
site of infection which is expected. MAIT cells known to own a variety of chemokine
receptor enable them to migrate to different tissues or might be due to activation induced
cell death mechanism that MAIT cells underwent as a result to the chronic exposure to the
inflammatory cytokine. These phenomena was suggested by others in many inflammatory
diseases including ankylosing spondylitis, systemic lupus erythematosus and alcoholic
liver diseases (Chiba et al., 2017; Gracey et al., 2016; Riva et al., 2018).

Furthermore, we investigated the immune phenotype of MAIT cells through the
intracellular staining of IL-17 and TNF-a. IL-17 has the profibrogenic effect on hepatic
stellate cells that suggest the possible role of MAIT cells in the fibrosis development
(Bottcher et al., 2018). We found that IL-17" MAIT cells were elevated through the

fibrosis progression.

In addition, we found an elevation in TNF-a™ MAIT cells in NAFLD patient as compared
with healthy donors. However, the upregulation of TNF-o was mostly in F1 that might
indicate an acute response. TNF-a is an inflammatory cytokine which contributes to the
hepatic inflammation, apoptosis of liver cells and induces the insulin resistance. The
activation of proinflammatory pathways after exposure to TNF-ao induces a state of insulin
resistance in which TNF-a impair insulin signalling at the level of the insulin receptor
substrate (IRS) proteins (Seo et al., 2013).
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Down regulation of insulin renders effector T cells to be less proliferated and cytotoxic and
to produce less proinflammatory cytokine which means loss of function condition (Fischer
et al., 2017). So for future, we will focus on detecting the functional alteration of MAIT
cells in NAFLD.

4.2 Conclusions

The current study demonstrates that the clinical and biochemical markers failed to predict
the liver fibrosis in patients with NAFLD. However, insulin resitance calculated with
HOMA score might be used as predictor marker for NAFLD.

Our study also revealed that the circulating MAIT cells are reduced and activated when
compared to healthy donors as well, when compared among stages. Thus, reflecting the
severity of fibrosis. In addition, MAIT cells was found to express more IL-17 and TNF-a
than the healthy individual. We also noticed that insulin receptor was down regulated in
cirrhotic patients than healthy donors. Thus, suggesting a possible less proliferative and

less functional MAIT cells might be present in advanced fibrosis NAFLD patients.

These finding suggested the possible role of MAIT cells in the pathogenesis of non-
alcoholic liver disease (NAFLD). That nominates the MAIT cells to be used as a predictor

for liver fibrosis in NAFLD diagnosis and prognosis approaches.

4.3 Weaknesses or limitations in the current study plan

The first limitation was the sample size. It was difficult to collect samples fulfill the
inclusion and exclusion criteria in this short period of time. The other limitation was not to
perform the functional assay for MAIT cells to assess the functional diversity in NAFLD

disease.

4.4 Recommendations
MAIT cell is considered a new T cell population that seems to have a promising role in
many diseases. For future, functional assay for circulating MAIT cells in NAFLD patients
will decipher more about the role of MAIT cell in the progression of NAFLD.
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Negative Selection Scientists Helping Scientists™ | Www.STEMCELL.cOM
Catalog #19661 For processing 100 mL whole blood TOLL FREE PHONE 13800 667 0322 » PHONE +1 604 877 0713
INFO@STEMCELL.COM » TECHSUPPORT@STEMCELL.COM
FOR GLOBAL CONTACT DETAILS VISIT OUR WEBSITE
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Description
Isolate highly purified T cells directly from human whole blood by immunomagnetic negative selection
The benefits of this kit include

+ >99.9% RBC depletion without the need for density gradient centrifugation, sedimentation, or lysis
» Upto 97% purity of isolated cells

+ Fast, easy-to-use and column-free

+ Isolated cells are untouched

This kit targets non-T cells for removal with antibodies recognizing specific cell surface markers. Unwanted cells are labeled with antibodies and EasySep™
Direct RapidSpheres™, and separated using an EasySep™ magnet. Desired cells are simply collected into a new tube and are immediately available for
downstream applications such as flow cytometry, culture, or DNA/RNA extraction.

Component Descriptions

COMPONENT NAME COMPONENT # | QUANTITY | STORAGE SHELF LIFE FORMAT
EasySep™ Direct Human T Cell 19661C 2% 25mL Store at 2 - 8°C. Stable until expiry date (EXP) | A combination of monoclonal
Isolation Cocktail Do not freeze. on label antibodies in PBS
3 ’ ; A suspension of magnetic
™ _qo
EasySep DarTeN?I 50300 4x25mL Store at 2 -8°C. Stable until expiry date (EXP) particles-and monoclonal
RapidSpheres™ 50300 Do not freeze. on label. antibodies in PBS

PBS - phosphate-buffered saline
Components may be shipped at room temperature (15 - 25°C) and should be refrigerated upon receipt.
Precipitate may be observed in the cocktail vial but will not affect performance.

Sample Preparation

For optimal RBC depletion, collect blood using heparin or acid citrate dextrose (ACD) as an anticoagulant. The use of K2EDTA or KBEDTA as an anticoagulant is
not recommended

For best recovery, use unprocessed human whole blood. Recovery of the desired isolated cells decreases with samples that are older than 24 hours

The volume of blood that can be processed depends on the EasySep™ magnet used for the isolation procedure. Blood samples must be placed in the required
tube to properly fit into the appropriate EasySep™ magnet (see Tables 1and 2)

Recommended Medium
PBS (Catalog #37350) that is free of Ca++ and Mg++.
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Directions for Use — Manual EasySep™ Protocols
See page 1 for Sample Preparation and Recommended Medium. Refer to Tables 12nd 2 for detailed instructions regarding the EasySep™ procedure for each magnet
Table 1. EasySep™ Direct Human T Cell Isolation Kit Protocol

EASYSEP™ MAGNETS
EasySep™ “The Big Easy”
STEP  INSTRUCTIONS E (Catalog #18000) (Catelog #16001) |
Collect sample within the volume range. 05-15mL 15-7.0mL
: 5 mL (12x 75 mm) polystyrene round-botiom tube 14 mL {17 x 85 mm) polystyrene round-bottom tube

Add whole blood sample to required tube. (e, Catalog 438007) (e, Catalog £38008)
Vortex RapidSpheres™,
NOTE: Particles should appear evenly dispersed. i licsbonds
Add Isolation Cocktail to sample. 50 pLimL of sample 50 pLimL of sample
Add RapidSpheres™ to sample. 50 yLimL of sample 50 uL/ml. of sample
Mix and incubate. RT for 5 minutes R for 5 minutes
Add recommended medium to top up the sample ; :
to the indicated volume. Mix by gently pipetting Topupto2.5mL * Top "?rmdw?i;hﬁsz:m forsar pslﬁmf Sml
up and down 2 -3 times, DY samples >
Place the tube (without lid) into the magnet and x .
e RT for 5 minutes R for 5 minutes
Pick up the magnet, and in one continuous
motion invert the magnet and tube, pouring the Use anew 5 mL tube Usea new 14 mL tube
enriched cell suspension* into a new tube.
Add RapidSpheres™ to the new tube containing : :
il Use same volume as in step 4 Use same volume as in step 4
Mix and incubate, RT for 5 minutes RT for 5 minutes
Remove the tube from the magnet and place the
tube from step 9 (without lid) into the magnet RT for 5 minutes R for 5 minutes
and incubate for a second separation.
Pick up the magnet, and in one continuous
motion invert the magnet and tube™, pouring the Isolated cells are ready for use Useanew 14 mL tube
enriched cell suspension into a new tube.
Remove the tube from the magnet and place the
new tube (without lid) into the magnet and - RT for 5 minutes
incubate for a third separation.
Pick up the magnet, and in one continuous
motion invert the magnet and tube*, pouring the - Isolated cells are ready for use
enriched cell suspension into a new tube.

RT; room temperature {15 - 25°C)

* Following the first magnefic separation the collected cells may contain a significant amount of RBCs and may lock similar to the original unprocessed human whole blood sample.

= Tominimize RBC contamination in the isolated cells, pour off the sample along a clean area of the tube (i.¢. the opposite side to where the sample was poured in).
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Table 2. EasySep™ Direct Human T Cell Isolation Kit Protocol

STEP

INSTRUCTIONS

Collect sample within the volume range.
Add whole blood sample to required tube.

Vortex RapidSpheres™,
NOTE: Particles should appear evenly dispersed.

Add Isolation Cocktail to sample.

Add RapidSpheres™ to sample.

Mix and incubate.

Add recommended medium to top up the sample
to the indicated volume. Mix by gently pipetting
up and down 2 - 3 times.

Place the tube (without lid) into the magnet and
incubate.

Carefully pipette™ (do not pour) the enriched
cell suspension into a new tube.

NOTE: Collect the entire clear fraction from top to botfom.
For optimal recovery, also collecta small volume of RBCs
{up to 10% of the starting sample volume).

Add RapidSpheres™ to the new tube containing
the enriched cells.

Mix and incubate.

Remove the tube from the magnet and place the
tube from step 9 (without lid) into the magnet
and incubate for a second separation.

Carefully pipette™ (do not pour) the enriched
cell suspension into a new tube.

NOTE: Collect only the clear fraction.

Remove the tube from the magnet and place the
new tube (without lid) containing the enriched
cells into the magnet and incubate for a third
separation.

Carefully pipette™ (do not pour) the enriched
cell suspension into a new tube.

NOTE: Collect only the clear fraction.

RT; room temperature {15 - 25°C}
*** Collect the entire enriched cell suspension, all at once, into a single pipette {e.g. for EasyEights™ 5 mL tube use a 2 mL serological pipette [Catalog #38002); for EasyEights™ 14 mL tube use a 10 mL serological pipette [Catalog #38004]).

EASYSEP™ MAGNETS
EasyEights™ (Catalog #18103; =
yEights™ (Catalog #18103) Easy 50 -
5 mLtube 14 mL tube B (Catalog #18002) =
05-15mL 15-7.0mL 7-30mL
5mL {12x75 mm) 14 mL (17x 5 mm) . o
polystyrene round-bottom tube polystyrene round-bottom tube i "i((eaoxc::b";%m em;ndm tube
(. Catalog #33007) (6. Catalog #38008) g e
30 seconds 30 seconds 30 seconds
50 pL/mL of sample 50 uLimL of sample 50 pUimL of sample
50 pL/mL of sample 50 pLimL of sample 50 pUmL of sample
RT for 5 minutes RT for 5 minutes RT for 5 minutes
o Top up to double the volume for « Top up to double the volume for
Topupto25mL samples <5 mL samples <25 mL
o Top up o 10 mL for samples > 5 mL . Topuztos,ohtforsa‘nplesﬂfmt
RT for 5 minutes RT for 5 minutes RT for 10 minutes
Use a new 5 mL tube Use a new 14 mL tube Use a new 50 mL tube
Use same volume as in step 4 Use same volume as in step 4 Use same volume as in step 4
RT for 5 minutes RT for 5 minutes RT for 5 minutes
RT for 5 minutes RT for 5 minutes RT for 5 minutes
Use a new 5 mL tube Use anew 14 mL tube Use a new 50 mL tube
RT for 5 minutes RT for 5 minutes RT for 5 minutes
Isolated cells are ready for use Isolated cells are ready for use Isolated cells are ready for use
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#Easysepml EasySep™ Direct Human T Cell Isolation Kit % ST M E

Iy
TECHNOLO S

1 E
Negative Selection

Notes and Tips

REMOVAL OF RESIDUAL RBCs IN THE ISOLATED CELLS

Typically, further RBC depletion is not required following cell isolation. If residual RBCs are visible in the isolated cell pellet following centrifugation after the end
of the protocol, resuspend in a small volume (0.2 - 2.5 mL) of recommended medium or desired culture medium and place in a smaller EasySep™ magnet for an
additional 5-minute separation. Collect the supernatant; the isolated cells are ready for use in downstream applications. Residual RBCs may also be lysed using
Ammonium Chloride Solution (Catalog #07800).

ASSESSING PURITY

For purity assessment of T cells by flow cytometry use the following fluorochrome-conjugated antibody clones:
+ Anti-Human CD3 Antibody, Clone UCHT1 (Catalog #60011), and

= Anti-Human CD45 Antibody, Clone HI30 (Catalog #60018)

Purity may also be assessed using alternative fluorochrome-conjugated markers such as:
» Anti-Human CD4 Antibody, Clone OKT4 (Catalog #60016), and

« Anti-Human CD8 Antibody, Clone RPA-T4 (Catalog #60022), and

+ Anti-Human CD45 Antibody, Clone HI30

NOTE: Itis recommended to assess purity on the CD45-positive cells to exclude debris, platelets, and RBCs.

Data

Starting with human whole blood from normal healthy donors, the typical T cell (CD3+) content of the non-lysed final isolated fraction is 95.3 + 1.4% (gated on
CD45) or 94.9 + 1.5% (not gated on CD45).

Lysed Whole Blood Start Lysed Whole Blood Start: CD45+ Gate Isolated Isolated: CD45+ Gate
100.0 99.9
33.0 95.0
15 1 |—| 15 }—'
g g
8
8 8
<10 10
O Qo
(] 1]
7} 7]
5 5
-~
o —
10° 10t 10 10 10° W 10°  10°  10°  10° 10°  10° ¢ 10
CD45 FITC CD3 PerCP-Cy5.5 CD45 FITC CD3 PerCP-Cy5.5

In the above example, the T cell (CD3+) content of the lysed whole blood start sample and non-lysed final isolated fraction is 33.0% and 95.0% (gated on CD45),
respectively, or 33.0% and 94.9% (not gated on CD45), respectively. The starting frequency of T cells in the non-lysed whole blood start sample above is 0.059%
(data not shown).

STEMCELL TECHNOLOGIES INC.’S QUALITY MANAGEMENT SYSTEM IS CERTIFIED TO ISO 13485. PRODUCTS ARE FOR RESEARCH USE ONLY AND NOT INTENDED FOR HUMAN OR ANIMAL DIAGNOSTIC
OR THERAPEUTIC USES UNLESS OTHERWISE STATED.

Copyright © 2017 by STEMCELL Technologies Inc. All rights reserved ncluding graphics and images. STEMCELL Technologies & Design, STEMCELL Shield Design, Scientists Helping Scientists, EasyEights,
EasySep, and RapidSpheres are rademarks of STEMCELL Technologies Canada Inc. All other frademarks are the property of their respective holders. While STEMCELL has made all reasonable efforts to ensure
that the information provided by STEMCELL and its suppliers is correct, it makes no warranties or representations as to the accuracy or completeness of such information.
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Appendix 2

Quantibody® Human Cytokine Array 1

Quantitative measurement of 20 human cytokines

Catalog # QAH-CYT-1

User Manual
Last revised November 18, 2016

Caution:
Extraordinarily useful information enclosed

(J|{. RayBiotech

Empowering your proteomics

ISO 13485 Certified

3607 Parkway Lane, Suite 100

Norcross, GA 30092

Tel: 1-888-494-8555 (Toll Free) or 770-729-2992, Fax:770-206-2393
Web: www.RayBiotech.com , Email: info @raybiotech.com

55



Table of Contents

Section Page #
. Overview 3
Il Introduction 3
ll. How It Works 5
IV. Materials Provided 6
V. Storage 6
VL. Additional Materials Required 6
VIL. General Considerations 7
A. Sample Preparation 7
B. Handling Glass Slides 7
C. Incubation 7
VIl Protocol 8
A. Completely Air Dry The Glass Slide 8
B. Prepare Cytokine Standard Dilutions 8
C. Blocking & Incubation 9
D. Incubation with Biotinylated Antibody Cocktail & Wash 10
E. Incubation with Cy3 Equivalent Dye-Streptavidin & Wash 10
F. Fluorescence Detection 11
G. Data Analysis 12
1X. Array Map & Standard Curves 13
X. Standard Concentrations 14
Xl. Spiking & Recovery 15
Xil. Q-Analyzer: Data Analysis Software 16
Xlil. Troubleshooting Guide 17
XIV. Select Publications 18
XV. Experiment Record Form 19
XVI. How To Choose A Quantibody® 20

Please read the entire manual carefully before starting your experiment

56




l. Overview

GM-CSF, GRO alpha/beta/gamma, IFN-gamma, IL-1 alpha
(IL-1 F1), IL-1 beta (IL-1 F2), IL-10, IL-12 p70, IL-13, IL-2, IL-

?;fekc't";s 4, IL-5, IL-6, IL-8 (CXCL8), MCP-1 (CCL2), MIP-1 alpha
20) (CCL3), MIP-1 beta (CCL4), MMP-9, RANTES (CCLS5), TNF

alpha, VEGF-A
See Section IX for Array Map

One standard glass slide is spotted with 16 wells of identical
Format cytokine antibody arrays. Each antibody is arrayed in
quadruplicate.

Detection Fluorescence. Go to www.RayBiotech.com/Scanners for a
Method list of compatible laser scanners.

Sample Volume || 50 - 100 pl per array

Reproducibility || CV <20%

Assay Duration || 6 hours

Il. Introduction

Cytokines play an important role in innate immunity, apoptosis, angiogenesis, cell growth and
differentiation. They are involved in interactions between different cell types, cellular responses to
environmental conditions, and maintenance of homeostasis. In addition, cytokines are also involved in
most disease processes, including cancer and cardiac diseases.

The traditional method for cytokine detection and quantification is through the use of an enzyme-linked
immunosorbent assay (ELISA). In this method, target protein is immobilized to a solid support. The
immobilized protein is then complexed with an antibody that is linked to an enzyme. Detection of the
enzyme complex can then be visualized through the use of a substrate that produces a detectable signal.
While this traditional method works well for a single protein, the overall procedure is time consuming and
requires a relatively high volume of sample. Thus, conservation of precious small sample quantities
becomes a challenging task. Innovations in microarray technology over the last decade have addressed
this problem. A long-standing leader in the field, Raybiotech, has pioneered the development of cytokine
antibody arrays, which have now been widely applied in the research community with hundreds of peer
reviewed publications, including top-tier journals such as Cell and Nature.

The Ouantibody® array, our multiplexed sandwich ELISA-based quantitative array platform, enables

3
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researchers to accurately determine the concentration of multiple cytokines simultaneously. It combines
the advantages of the high detection sensitivity & specificity of ELISA and the high throughput of arrays.
Like a traditional sandwich-based ELISA, it uses a pair of cytokine specific antibodies for detection. A
capture antibody is first bound to the glass surface. After incubation with the sample, the target cytokine is
trapped on the solid surface. A second biotin-labeled detection antibody is then added, which can
recognize a different epitope of the target cytokine. The cytokine-antibody-biotin complex can then be
visualized through the addition of the streptavidin-conjugated Cy3 equivalent dye, using a laser scanner.
Unlike the traditional ELISA, Quantibody products use an array format. By arraying multiple cytokine
specific capture antibodies onto a glass support, quantitative, multiplex detection of cytokines in one
experiment is made possible.

In detail, one standard glass slide is divided into 16 wells of identical cytokine antibody arrays. Each
antibody, together with the positive controls is arrayed in quadruplicate. The slide comes with a 16-well
removable gasket which allows for the process of 16 samples on one slide. Four slides can be nested into
a tray, which matches a standard microplate footprint and allows for automated robotic high throughput
process of 64 arrays simultaneously. For cytokine quantification, the array specific cytokine standards,
whose concentration has been predetermined, are provided to generate a standard curve for each
cytokine. In a real experiment, standard cytokines and samples will be assayed in each array
simultaneously through a sandwich ELISA procedure. By comparing signals from unknown samples to the
standard curve, the cytokine concentration in the samples will be determined.

Quantibody® array kits have been confirmed to have similar detection sensitivity as traditional ELISA. Our
current high density Quantibody kits allow scientists to quantitatively determine the concentration of 1000
human, 200 mouse, and 67 rat cytokines in a single experiment. This is not only one of the most efficient
products on the market for cytokine quantification, but makes it more affordable for quantification of large
number of proteins. Simultaneous detection of multiple cytokines undoubtedly provides a powerful tool for
drug and biomarker discovery.
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I1l. How It Works

Samples
Antibody array support \ Y ‘3’

(glass slide)

Incubation of sample &

OO0 Ny
. / standard protein cocktail
"?. (1-2 hours)

‘Y‘?’?\; o

Incubation with biotinylated
antibody cocktail ! ‘? 5

(1-2 hours)

/ Incubation with
Cy3 equivalent dye
labeled-streptavidin

(1 hour)

Scan and perform data
extraction & analysis
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IV. Materials Provided

Catalog # Component Name 1 Slide Box ZBS:S*e
1 || QAH-CYT-1S Human Cytokine Array 1 Glass Slide 1 2
2 || QA-SDB Quantibody® Sample Diluent 15 ml
3 || AA-WB1-30ML 20X Wash Buffer | 2x30ml 3 x 30 ml
4 || AA-WB2-30ML 20X Wash Buffer Il 30 ml
sll oAH-CYT-1-sTD Human Cytgk:?e Array 1 Lyophilized 1 Vial
Standard Mix

i : Human Cytokine Array 1 Biotinylated ’ ¥

6 || QAH-CYT-1B Antibody Cooktail 1-25 pl 2x1-25 pl
; Cy3 equivalent dye-conjugated

7 || QA-CY3E Streptavidin 5yl 2x 5yl
8 || QA-SWD Slide Washer/Dryer 1 x 30 ml Tube
9 || QA-ADH Adhesive Film 1 2

* 4 slide kits are comprised of 2 separate 2 slide kits.
** See Section X for detailed cytokine concentrations after reconstitution.

V.

Storage

Upon receipt, all components should be stored at -20°C. The kit will retain activity
for up to 6 months. Once thawed, the glass slide, standard mix, antibody cocktail
and dye-conjugated Streptavidin should be kept at -20°C. All other components

may be stored at 4°C. The entire kit should be used within 6 months of purchase.

VI. Additional Materials Required

e Benchtop rocker or orbital rocker
e Laser scanner for fluorescence detection

e Aluminum foil

e Distilled water

e 1.5 ml Polypropylene microcentrifuge tubes
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VIl. General Considerations

A. Preparation of Samples

e Use serum-free conditioned media if possible.

¢ |f serum-containing conditioned media is required, it is highly recommended
that complete medium be used as a control since many types of sera contains
cytokines.

¢ We recommend the following parameters for your samples: 50 to 100 ul of
original or diluted serum, plasma, cell culture media, or other body fluid, or 250
pg/ml-1 mg/ml (after a 5-fold to 10-fold dilution to minimize the effects of any
detergent(s)) of protein for cell and tissue lysates.
If you experience high background or if the fluorescent signal intensities
exceed the detection range, further dilution of your sample is recommended.

B. Handling Glass Slides

e Do not touch the surface of the slides, as the microarray slides are very
sensitive. Hold the slides by the edges only.

e Handle all buffers and slides with powder free gloves.

e Handle glass slide/s in clean environment.

e The Quantibody slides do not have bar codes. To help distinguish one slide
from another, transcribe the slide serial number from the slide bag to the back
of the slide with an ultra-fine point permanent marker. Please Note: Red and
black permanent markers can significantly interfere with fluorescent signal
detection. We recommend marking your slides with a green or blue ultra-fine
point permanent marker. Please write the number on the very bottom edge of
the slide. Do not write on the arrayed well areas.

C. Incubation

e Completely cover array area with sample or buffer during incubation.

e Avoid foaming during incubation steps.

e Perform all incubation and wash steps under gentle rocking or rotation.

e Cover the incubation chamber with adhesive film during incubation, particularly
when incubation is more than 2 hours or <70 pl of sample or reagent is used.

e Several incubation steps such as step 6 (blocking), step 7 (sample incubation),
step 10 (detection antibody incubation), or step 13 (Cy3 equivalent dye-
streptavidin incubation) may be done overnight at 4°C. Please make sure to
cover the incubation chamber tightly to prevent evaporation.

7
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VIII. Protocol

A. Completely Air Dry The Glass Slide

1. Take out the glass slide from the box, and let it equilibrate to room temperature
inside the sealed plastic bag for 20-30 minutes. Remove slide from the plastic
bag, peel off the cover film, and let it air dry for another 1-2 hours.

incomplete drying of slides before use may cause the formation of “comet tails, "
thin directional smearing of antibody spots.

B. Prepare Cytokine Standard Dilutions

There is only one vial of standard provided in the two-slide kit which is enough for
making two sfandard curves. Reconstitute the lyophilized standard within one hour
of usage. If you must use the standard for two different days, store only the Sta1
dilution at -80°C.

100ul 100pl 100ul 100l 100ul 100wl

Ny 0> TS0 7N
Add 500ul
Sample Diluent

200ul 200pl 200pl 200ul 200ul 200ul 100wl
Vial Labels Std1 Std2 Std3 Std4 Std5  Stdé6 Std7 CNTRL

2. Reconstitute the Cytokine Standard Mix (lyophilized) by adding 500 ul Sample
Diluent to the tube. For best recovery, always quick-spin vial prior to opening.
Dissolve the powder thoroughly by a gentle mix. Labeled the tube as Std1.

3. Label 6 clean microcentrifuge tubes as Std2 to Std7. Add 200 ul Sample
Diluent to each of the tubes.
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4. Pipette 100 pl Std1 into tube Std2 and mix gently. Perform 5 more serial
dilutions by adding 100 pl Std2 to tube Std3 and so on.

5. Add 100 pl Sample Diluent to another tube labeled as CNTRL. Do not add
standard cytokines or samples to the CNTRL tube, which will be used as
negative control. For best results, include a set of standards in each slide.

Since the starting concentration of each cytokine is different, the serial
concentrations from Std1 to Sid7 for each cytokine are varied which can be found
in Section X.

C. Blocking & Incubation

6. Add 100 ul Sample Diluent into each well and incubate at room temperature
for 30 minutes to block slides.

7. Decant buffer from each well. Add 100 pl standard cytokines or samples to
each well. Incubate arrays at room temperature for 1-2 hour.

Longer incubation time is preferable for higher signals. This step may be done
overnight at 4°C.

We recommend using 50 to 100 ul of original or diluted serum, plasma,
conditioned media, or other body fluid, or 250 pg/ml-1 mg/ml of protein for cell and
tissue lysates. Cover the incubation chamber with adhesive film during incubation,
especially if less than 70 ul of sample or reagent is used.

8. Wash:

e Decant the samples from each well, and wash 5 times (5 min each) with 150 pl
of 1X Wash Buffer | at room temperature with gentle rocking. Completely
remove wash buffer in each wash step. Dilute 20x Wash Buffer | with H20.

e (Optional for Cell and Tissue Lysates) Put the glass slide with frame into a box

with 1X Wash Buffer | (cover the whole glass slide and frame with Wash Buffer
), and wash at room temperature with gentle rocking for 20 min.
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Incomplete removal of the wash buffer in each wash step may cause "dark spots,

Decant the 1x Wash Buffer | from each well, wash 2 times (5 min each) with
150 pl of 1X Wash Buffer Il at room temperature with gentle rocking.
Completely remove wash buffer in each wash step. Dilute 20X Wash Buffer |l
with H20.

"

the background signals higher than the spots.

D. Incubation with Biotinylated Antibody Cocktail & Wash

9.

10.

Reconstitute the detection antibody by adding 1.4 ml of Sample Diluent to the
tube. Spin briefly.

Add 80 pl of the detection antibody cocktail to each well. Incubate at room
temperature for 1-2 hour.

Longer incubation time is preferable for higher signals and backgrounds

11.

Decant the samples from each well, and wash 5 times (5 mins each) with 150
pl of 1X Wash Buffer | and then 2 times with 150 ul of 1x Wash Buffer Il at
room temperature with gentle rocking. Completely remove wash buffer in
each wash step.

E. Incubation with Cy3 Equivalent Dye-Streptavidin & Wash

12.

13.

14.

After briefly spinning down, add 1.4 ml of Sample Diluent to Cy3 equivalent
dye-conjugated streptavidin tube. Mix gently.

Add 80 pl of Cy3 equivalent dye-conjugated streptavidin to each well. Cover
the device with aluminum foil to avoid exposure to light or incubate in dark
room. Incubate at room temperature for 1 hour.

Decant the samples from each well, and wash 5 times (5 mins each) with 150
pl of 1X Wash Buffer | at room temperature with gentle rocking. Completely
remove wash buffer in each wash step.

10
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F. Fluorescence Detection

15.

16.

1%

18.

Disassemble the device by pushing clips outward from the slide side.
Carefully remove the slide from the gasket.

[t QL[S\J

- >

Be carefuf nof fo fouch the surface of the array side.

Place the slide in the Slide Washer/Dryer {a 4-slide holder/centrifuge tube),
add enough 1x Wash Buffer | (about 30 ml) to cover the whole slide, and then
gently shake at room temperature for 15 minutes. Decant Wash Buffer |.
Wash with 1x Wash Buffer Il {about 30 ml) and gently shake at room
temperature for 5 minutes.

Remove water droplets completely by gently applying suction with a pipette to
remove water droplets. Do not touch the array, only the sides.

You may also dry the glass sfide by a compressed N2 siream.

Imaging: The signals can be visualized through use of alaser scanner
equipped with a Cy3 wavelength (green channel) such as Axon GenePix, or
Innopsys Innoscan. Make sure that the signal from the well containing the
highest standard concentration (Std1) receives the highest possible reading,
yet remains unsaturated.

In case the signal intensity for different cyiokine varies greaily in the same array,
we recormmend using muftiple scans, with a higher PMT for fow signal eytokines,
and a fow PMT for high signaf cyiokines.
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G. Data Analysis

19. Data extraction can be done using the GAL file that is specific for this array
along with the microarray analysis software (GenePix, ScanArray Express,
ArrayVision, MicroVigene, etc.). GAL files can be found here:

www.RayBiotech.com/Gal-Files.html.

Need help analyzing all that data? Copy and paste your datainto the Q-
Analyzer Tool specific for this array, catalog number: QAH-CYT-1-SW. More

information can be found in Section XII.

[

Experiment

i

Image Scan

A list of compatible
laser scanners can be
found here:
RayBiotech.com/Scanners

l

Data Extraction
(GenePix, etc.)

Data Computation
Q-Analyzer software
sold separately

(see section VIIL.)
Analyze Results
(pg/ml concentrations)
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IX. Array Map & Standard Curves

Log (Density Value)

1e+5

Each antibody is printed in quadruplicate horizontally

1 |2 | 3| 4 1] 2] 3] 4
A POS1 POS2
B IL-1 alpha IL-1 beta
C IL-2 IL-4
D IL-5 IL-6
E IL-8 (CXCLS8) IL-10
F IL-12 p70 IL-13
G GM-CSF GRO
H IFN gamma MCP-1 (CCL2)
| | MIP-1 alpha (CCL3) | MIP-1 beta (CCL4)
J MMP-9 RANTES (CCLY5)
K TNF-alpha VEGF

1e+2

1e+1

1e+3

le+4 1e+5

Log (Cytokine Concentration) (pg/ml)

81



X. Standard Concentrations

After reconstitution, the lyophilized cytokine standard mix contains the following
concentrations for each antigen included.

Serial standard concentration (pg/ml)

(pg/ml) Cntrl Std7 Std6 Std5 Std4 Std3 Std2 Std1
IL-l1a 0 3 8 25 74 222 667 2,000
IL-1B 0 3 8 25 74 222 667 2,000

IL-2 0 5 16 49 148 44 1,333 | 4,000
IL-4 0 3 8 25 74 222 667 2,000
IL-5 0 3 8 25 74 222 667 2,000
IL-6 0 3 8 25 74 222 667 2,000
IL-8 0 1 2 5 15 44 133 400
IL-10 0 3 8 25 74 222 667 2,000
IL-12p70 0 1 4 12 37 111 333 1,000
IL-13 0 | 4 12 37 111 333 1,000
GM-CSF 0 3 8 25 74 222 667 2,000
GRO 0 3 8 25 74 222 667 2,000
IFNy 0 14 41 123 370 1,111 3,333 | 10,000

MCP-1 0 3 8 25 74 222 667 2,000

MIP-la 0 14 41 123 370 1111 3,333 | 10,000

MIP-1B 0 1 4 12 37 111 333 1,000

MMP-9 0 14 41 123 370 1,111 3,333 | 10,000

RANTES 0 3 8 25 74 222 667 2,000

TNFa 0 3 8 25 74 222 667 2,000

VEGF 0 5 16 49 148 444 1,333 | 4,000
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Xl. Spiking & Recovery

The antibody pairs used in the kit have been tested to recognize their specific
antigen. The spiking and recovery rates of each cytokine in 2x diluted serum (SR),
plasma EDTA (PLE), plasma citrate (PLC), plasma heparin (PLH), and culture media
{CM) are listed in the following tables.

The spiking recovery rate for human culture media and serum

Cytokine Spiking CM |CM+Ag| CM% | Serum |Serum+Ag | Serum%
IL-1a 1000 6 817 81% 0 1103 110%
IL-1B 400 1 324 81% 0 437 109%
IL-2 400 0 348 87% 2 324 81%
IL-4 800 1 948 118% 1 824 103%
IL-5 800 0 571 1% 2 667 83%
IL-6 1000 178 1102 92% 1 830 83%
IL-8 400 over over - 8 437 107%
IL-10 500 14 555 108% 33 410 75%
IL-12p70 200 0 227 114% 1 158 78%
IL-13 500 2 451 90% 0 459 92%
GM-CSF 500 56 587 106% 0 511 102%
GRO 500 5 607 120% 49 604 111%
IFNy 400 1 468 117% 20 422 100%
MCP-1 400 over over - 851 1325 119%
MIP-1a 800 0 1014 127% 0 761 95%
MIP-1B 500 0 569 114% 48 643 119%
MMP-9 15000 1 10888 73% 15279 27964 85%
RANTES 1000 0 918 92% 3258 4288 103%
TNFa 1000 4 840 84% 0 1035 103%
VEGF 2000 2651 4596 97% 3 2424 121%
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XII. Quantibody® Q-Analyzer

The Q-Analyzer is an array specific, Excel-based program. It is much more than a
simple calculation macro; it performs sophisticated data analysis (see below for
description).

The Q-Analyzer Tool specific for this array is catalog number: QAH-CYT-1-SW.
Key features:

e Simplicity: Easy to operate and requires no professional training. With a simple
copy and paste process, the cytokine concentration is determined.

e Qutlier Marking & Removing: The software can automatically mark and remove
the outlier spots for more accurate data analysis

e Normalization: The program allows for intra- and inter-slide normalization for
large numbers of samples.

e Two Positive Controls: The program utilizes the two positive controls in each
array for normalization.

e Two Analytical Algorithms: Users can choose either linear regression or log-log
algorithms to meet their analytical needs.

e Two Data Outputs: standard curves and digital concentration.

e User Intervention: The program allows for user manual handling of outliers and
other analytical data.

e | ower and Upper Limits Determination: The program automatically marks out
the values below or above the detection range.

e Standard Deviation: The program outputs the standard deviations of the
quadruplicate spots for data accuracy.

o Analytical Tips: Q-Analyzer analysis tips are included in the program.

16
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XIll. Troubleshooting Guide

Problem Cause Recommendation
Inadequate detection Increase laser power and PMT parameters
Inadequate reagent
volumes or improper Check pipettes and ensure correct preparation
dilution

Weak Signal Short incubation time Increase incubation time or change sample

incubation step to overnight

Too low protein
concentration in sample

Lessen dilution or do not dilute sample.
Concentrate sample if necessary.

Improper storage of kit

Store kit as suggested temperature. Don't
freeze/thaw the slide.

Uneven signal

Bubble formed during
incubation

Decrease amount of rocking during incubations.
check for bubble formation and remove bubbles.

Arrays are not
completed covered by
reagent

Completely cover arrays with solution for all
required steps.

Reagent evaporation

during incubation

||Cover the incubation chamber with adhesive film

Poor standard
curve

Cross-contamination
from neighboring wells

Avoid overflowing wash buffer and other solutions
into neighboring wells.

Comet tail formation

Air dry the slide for at least 1 hour before usage

Inadequate standard
reconstitution or
Improper dilution

Reconstitute the lyophilized standard well at the
room temperature before making serial dilutions.
Check pipettes and ensure proper serial dilutions.

Inadequate detection

Increase laser power so the highest standard
concentration for each cytokine receives the
highest possible reading yet remains unsaturated.

Use freeze-thawed
cytokine standards

Always use new cytokine standard vial for new set
of experiment. Discard any leftover.

High
background

Overexposure Lower the PMT or signal gain.

Dark spots Completely remove wash buffer in each wash step.
Insufficient wash Increase wash time and use more wash buffer
Dust Work in clean environment

Slide is allowed to dry
out

Don't dry out slides during experiment.

17
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XIV. Publications Citing This Product

1. Sharma M., Anderson S., Schoop R., Hudson J., Induction of multiple pro-inflammatory
cytokines by respiratory viruses andreversal by standardized Echinacea, a potent antiviral
herbal extract. Antiviral Research 83 (2009) 165-170
Species: Human
Sample Type: Conditioned Media

2. Jiang, Weidong, Ruo-Pan Huang, and Ruochun Huang. "Protein Expression Profiling by
Antibody Array Analysis with Use of Dried Blood Spot Samples on Filter Paper." Joumnal of
Immunological Methods. ScienceDirect, 25 Nov. 2013. Web.

Species: Human
Sample Type: Serum

3. ZhanY.,ZouS,HuaF,LiF,JiL,Wang W, YeY., Sun L., Chen H., Cheng Y. High-
dose dexamethasone modulates serum cytokine profile in patients with primary immune
thrombocytopenia. Immunology Letters Volume 160, Issue 1, July 2014, Pages 33-38
Species: Human
Sample Type: Serum

4. Wu H., et al. Upregulation of innate immune responses in a T cell/histiocyte-rich large B
cell lymphoma patient with significant autoimmune disorders mimicking systemic lupus
erythematosus. Annals of Hematology (2014) 93:353-354
Species: Human
Sample Type: Plasma

More citations for this product may be available.
Contact techsupport@raybiotech.com.
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XV. Experiment Record Form

Date:

File Name:

Laser Power:

PMT:

Well No. Sample Name Dilution factor

1 CNTRL 1 2
2 Std7 3 4
3 Std6
4 Stds 5 6
5 Std4 7 8
6 Std3
7 Std2 9 10
8 Std1 11 12
9
10 13 14
14 15 16
12
13
14
15
16
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XVI. How to Choose a Quantibody® Array?

Species-based selection:

|Human (@AHY [ Mouse (@AM [[Rat (@AR-)

[ovine (@aB-) [ canine (@aC-)

|Equine (@AE-) |[Feline (@AF-)  [[Primates (@AN-)  [[Porcine (QAP-) || Rabbit (QAL-)

Function-based selection:

Adhesion Molecule

Bone Metabolism

Arrays

Arrays Angiogenesis Arrays Arrays Chemokine Arrays
Custom Arrays Cytokine Arrays Growth Factor Arrays LC:‘::;Slgnallng

IL-1 Family Arrays IATrZ;ge Response Inflammation Arrays Interleukin Arrays
Isotyping Arrays MMP Arrays Obesity Arrays Ophthalmic Arrays
Periodontal Disease Receptor Arrays Th1/Th2/Th17 Arrays

Cytokine Number-based selection:
Arrays are available in the Quantibody® platform to detect 1000 human, 200 mouse,
or 67 rat proteins. GLP-Compliant testing services are also available.

To learn more about the Quantibody® Antibody Array, visit
www. RayBiotech.com/Quantibody-Multiplex-Elisa-Array .html

Quantibody® is the trademark of RayBiotech, Inc.

This product is for research use only.

©2015 RayBiotech, Inc
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LAl el Al (e 8 Calill ol 8 MAIT WDs
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Laeliall llall jasil IL17 5 CD38 5 CD69 5 TNFo Jie cildle Laa WS V7.2
& OSgill Gligie LaiiS) quantibody human cytokine array 1 alaasul 5 . LA
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IL- el 6 Ley Aplgl) i€l b g i) lilaaY LS . Calill 508 e Glad Ao jia bl
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