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Summary

Summary

Rheumatoid arthritis is an autoimmune disease that mostly affects
joints and surrounding tissues (bones, cartilage, and synovial tissues) and
symmetrically affects the small joints of the hands and feet. All patients of
rheumatoid arthritis must be satisfied six of the ten American College of
Rheumatology 2010 criteria, with the recommended laboratory assays

being rheumatoid factor and anti-citrullinated peptide antibody.

The study objective is to evaluate the role of carbamylated protein
antibody, 14-3-3eta protein antibody, and dual specificity phosphatase 11
antibodies in diagnosis and in assessment the disease severity among

rheumatoid arthritis patients both (seropositive and seronegative) patients.

The current study is case-control study conducted in Irag/Kerbala
government/Imam Al-Hassan Al-Mujtaba hospital-rheumatology unit
during the period from October 2022 to April 2023, the study included 270
subjects divided into two main groups: 180 rheumatoid arthritis cases and
90 healthy controls, and then cases divided into: 90 seropositive and 90
seronegative according to the presence or absence rheumatoid factor and
anti-citrullinated peptide antibody. The mean age and sex of the study
groups were matched. After that, all the study participants completed
questionnaires, and then venous blood samples were drawn and divided
into a sodium citrate tube for the Westergren method erythrocyte
sedimentation rate test and a gel tube for serum sample separation. Those
were stored at -20 °C in four small Eppendorf tubes for serological assays
that included a C-reactive protein test and a rheumatoid factor test by
Nephelometry, an anti-citrullinated peptide antibody, a carbamylated
protein antibody, the 14-3-3eta protein antibody, and a dual specificity
phosphatase 11 antibody that was done by the Enzyme Linked Immune



Summary

Sorbent Assay. The statistical analysis was done using statistical package

for the social sciences version 26.

The current study results showed highly statistically significant
difference at P.value less than (0.01) for rheumatoid arthritis patients when
compared to healthy control regarding to erythrocyte sedimentation rate, C-
reactive protein, rheumatoid factor, anti-citrullinated peptide antibody, and
the current study markers. The current study markers anti-carbamylated
protein antibody, anti-14-3-3eta and anti-dual specificity phosphatase 11
antibody were statistically significant difference in seronegative group than
in seropositive at P.value less than (0.05), and in patients with regular
treatment than irregulars at P.value less than (0.05), when compared with
routine tests rheumatoid factor and anti-citrullinated peptide antibody
which were highly statistically significant difference in the seropositive
group at P.value less than (0.01), and in patients with irregular treatment at
P.value less than (0.01). The current study markers associated significantly
with mild to moderate disease activity score28 at P.value less than (0.05),
when compared with routine tests which associated significantly with
severe disease activity score28 at P.value less than (0.05). The current
study markers have positive statistically significant correlation among them
at P.value less than (0.05), except anti-dual specificity phosphatase 11
antibodies have negative statistically significant correlation with disease
duration and disease activity score28 at P.value less than (0.05).

The study suggests that anti-carbamylated protein, anti-14-3-3eta , and
anti-dual specificity phosphatase 11 antibodies can be used as diagnostic
markers, particularly in seronegative rheumatoid arthritis patients, as they
are associated with mild to moderate disease activity and regular treatment

compared to routine tests, this making them useful prognostic markers.
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Chapter One: Introduction and Literature Review

1.1. Introduction

Rheumatoid arthritis (RA) is a systemic autoimmune disease with
synovial joint manifestations that are frequently accompanied by extra-
articular manifestations (Baig and DiRenzo, 2023).

The term 'rheumatoid arthritis' derives from the Greek word for
inflamed and swollen joints. In 1880, French physician Auguste Jacob
Landré-Beauvais was the first person that describes and classifies this
debilitating disease (Ding et al., 2023)

Rheumatoid arthritis affects all racial groups and manifests at a variety
of ages, the average ages of women and men at diagnosis are
approximately 50 and 60 years old. The estimated global prevalence is
between 0.5 and 1 percent, women are roughly three times more prone to
developing RA than men (Deane et al., 2023).

The causative agents of Rheumatoid arthritis are unknown but
believed to involve complex interaction between genetic and environmental
factors (Zaccardelli et al., 2019). Consequently, a positive family history
multiplies the risk of RA by three to five, indicating a statistically
significant difference genetic component to this process, the genetic
susceptibility to RA is most evident in the HLA-DR epitope, particularly
HLA-DR4, which is known as the "susceptibility epitope.” This is present
in 70% of RA patients and is associated with disease severity (Siouti and
Andreakos, 2019).

The clinical manifestation of the disease is repeated and symmetrical
affects the hand, wrist, foot, knee, and other joints. In the early phases
redness, swelling, heat, pain, and joint dysfunction. In the later phases,
rigidity and deformity of the joints are observed (Fresneda
AlarconMcLaren and Wright, 2021). The extra-articular involved the eyes,

nerves, epidermis, kidney, lungs, liver, and heart (Ding et al., 2023).
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Early diagnosis could prevent joint damage, a large body of evidence
indicates that statistically significant difference permanent joint damage
can occur within the first two years of disease onset (Cheng et al., 2021)
,consequently, optimal management of RA is crucial during the first three
to six months. Thus, reliable biomarkers are required for early disease
diagnosis, an accurate prognosis, and enhanced disease management
(Mueller et al., 2021).

Rheumatoid arthritis is typically diagnosed according to the 2010
ACR-EULAR (American college of rheumatology-European league
against rheumatism) (Ishida et al., 2021).

The routinely test like C-reactive protein (CRP) and erythrocyte
sedimentation rate (ESR) are used as clinical biomarkers to ascertain the
general inflammatory state of RA patients (He et al., 2020).

Multiple antibody have been identified in rheumatoid arthritis based
on the antigens to which these antibodies attach, these include anti-
citrullinated protein antibodies (ACPA) and rheumatoid factor (RF) and
according to their positivity in serum of patients with RA, patients usually
divided into seropositive and seronegative (van Delft and Huizinga, 2020).

The most clinically statistically significant difference autoantibodies
ACPA target citrullinated peptides, whereas RF targets the Fc region of
IgG (Baig and DiRenzo, 2023).

Antibodies to heterogeneous nuclear ribonucleoprotein (hnRNP) also
known as anti-RA33 antibodies have been characterized in RA (Cappelli et
al., 2022).

Recently, a number of novel candidates have been proposed as
potential RA Dbiomarkers and implicated in development of RA,
seronegative RA is problematic from both a diagnostic and a pathogenic
standpoint (SokolovaSchett and Steffen, 2021).
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In 2011, it was found that patients with RA have antibodies against
carbamylated protein antigen, or anti-CarP or ACP. Since then, studies
have shown how important these antibodies are for prognosis and
prediction, as well as how they contribute to the pathophysiology of RA
(Mohamed et al., 2019).

Compared to traditional diagnostic indicators, the eta protein antibody
(anti-14-3-3n) may be more sensitive and specific in the early detection of
RA (Alashkar et al., 2022).

More recent methods, like high-density protein microarrays, have
recently found a variety of other potential autoantibody specificities in
approximately 35% of ACPA-negative patients, with more than 90%
specificity for RA. Anti-DUSP11 was discovered to have the best
diagnostic performance, regardless of ACPA status (De Stefano et al.,
2021).

The drugs that maintain joint function as conventional synthetic
disease-modifying anti-rheumatic medications (DMARDs), biologic
DMARDs, and targeted synthetic DMARDs, a novel class of non-biologic
DMARDs. Nonsteroidal anti-inflammatory drugs (NSAIDs) and
glucocorticoids (GCs) are used to reduce inflammation in RA patients with

inadequate symptom control (Radu and Bungau, 2021).
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1.2. Aims of The Study

To evaluate the serum level of Carbamylated Protein Antibody (anti-

CarP), the 14-3-3n Protein Antibody (anti-14-3-3n), and Dual

Specificity Phosphatase 11 Antibody (anti-DUSP11) in RA patients

and healthy peoples.

To evaluate the serum level of anti-CarP, anti-14-3-3n, anti-DUSP11

in seropositive and seronegative RA patients with the diagnosis and

severity of disease.

These aims achieved by following objectives:

. Assess the level of (ESR) by Westergren Method.

. Detection of (RF) and (CRP) by Nephelometry.

. Calculate disease activity score for the severity of disease by (DAS)
calculator.

. Measurement of (ACPA, anti-CarP, anti-14-3-3n, and anti-
DUSP11) by ELISA test.

. Analysis the study data by (SPSS).
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1.3. Literature Review
1.3.1. Rheumatoid Arthritis (RA)

Rheumatoid arthritis is a chronic inflammatory autoimmune disorder
that causes progressive and irreversible joint injuries due to sustained

synovitis (Peng et al., 2023).

Clinically, RA manifests as a chronic symmetrical disease that affects
minor joints such as the proximal interphalangeal and metacarpophalangeal
joints before progressing to larger joints. In general, these patients
experience pain and rigidity in multiple joints, resulting in a diminished

quality of life, fever, fatigue, and weight loss (Conforti et al., 2021).

Prevalence and incidence measures of RA vary by population and

have varied throughout time (Radu and Bungau, 2021).

Rheumatoid arthritis is a heterogeneous disorder caused by an
abnormal autoimmune response initiated by the complex interactions of
genetic and environmental factors that contribute to RA etiology
(Zamanpoor, 2019). There appears to be an essential interplay between
components of the adaptive immune system and the innate immune system,
abnormalities in the cellular and humoral immune responses contribute to

the occurrence of autoantibodies (SchererHaupl and Burmester, 2020).

The overproduction of pro-inflammatory cytokines, such as tumor
necrosis factor (TNF) and interleukin-6 (IL-6), results in the proliferation
of synovial cells in joints and the consequent formation of pannus, cartilage

destruction, and bone erosions (Nattagh-Eshtivani et al., 2021).

On the basis of the presence of autoantibodies, rheumatoid factor (RF)
and anti-citrullinated protein antibodies (ACPA), RA can be divided
immunologically into two major groups: seropositive and seronegative
(Gravallese and Firestein, 2023).
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1.3.2. Rheumatoid Arthritis History

Rheumatoid arthritis comes from the Greek word for inflamed and
swollen joints. Dr. Alfred Baring Garrod, a UK rheumatologist coined the
term "rheumatoid arthritis" in 1859. In 1880, a French physician Auguste
Jacob Landré-Beauvais was the first individual to describe and classify this
debilitating disease, Landré-Beauvais documented the statistically
significant difference symptoms of the disease as "asthenic gout,”

indicating that the condition was prevalent in females (Ding et al., 2023).

1.3.3. Rheumatoid Arthritis Epidemiology

Epidemiologic variations in the incidence and prevalence of
rheumatoid arthritis have been observed based on ethnic and geographic
dispersion (Nair et al., 2019). The estimated global prevalence of RA
ranges from 0.24 to 1%, although rates differ by region and country
(Almoallim et al., 2021).

The epidemiology of RA is poorly understood in the Middle East and
North Africa (MENA) region, data on its prevalence and disease activity

among Arab populations are rare (Bedaiwi et al., 2019)

A recent global burden study estimated the prevalence of RA in the
MENA region to be 0.16 percent, and RA disease severity and management

differ geographically within the region (Yip and Navarro-Millan, 2021).

The incidence of RA in Irag was 1.1% in 2014 and 2.2% in 2019,
compared to 1.6% and 2.1% in 2001 and 2011, respectively. Although this
variation is not statistically significant difference, it may be attributable to
disruptions in the healthcare system and immigration during this time
period (Al_Badran et al., 2022).
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During the previous decade, it was observed that the prevalence and
clinical characteristics of rheumatic diseases varied markedly by region,
lifestyle, and social status, indicating that genetic and environmental factors
play a substantial role in the onset and progression of rheumatic diseases
(Batko et al., 2019).

1.3.4. Rheumatoid Arthritis Risk Factors

Numerous studies on the etiology of RA have been conducted over the
past few decades and the evidence suggests that environmental and genetic
factors play a statistically significant difference role in causing RA. Indeed,
the susceptibility genes HLA-DRB1, TNFRSF14, and PTPN22 are closely
associated with RA (Dedmon, 2020).

Environmental factors such as smoking, personal dietary patterns and
hygiene, which directly affect the post-transcriptional modification of
certain genes or indirectly affect susceptibility genes via epigenetic
mechanisms are also crucial in the development of RA (Nemtsova et al.,
2019).

The interaction of environmental factors, epigenetics, and
susceptibility genes will lead to changes in the relative levels and
expression of encoded proteins, which may contribute to autoimmune
tolerance disorders (Ding et al., 2023).
1.3.4.1. Genetic and Epigenetic Factors

Several indicators strongly suggest that genetics play a statistically
significant difference role in the development of RA. These factors include
the overall increased prevalence of RA within families, resulting in an
estimated familial risk contribution of 40-50% of seropositive RA with the
greatest risks observed in first-degree relatives (FDRs), the risk of RA
among first-degree relatives is 1.5 times that of the general population
(Rhida and Mahdi, 2022).



Chapter One: Introduction and Literature Review

Genome-wide association studies (GWAS) and independent
replication studies have identified potential genes associated with RA
susceptibility, particularly major histocompatibility complex (MHC) genes,
which are subdivided into class | (HLA-A, B, and C), class Il (HLA-DR,
DP, and DQ) and class Il sub-regions (Dedmon, 2020). It has been
established that HLA-DR, particularly the HLA-DRB1 locus contributes
statistically significant difference to the risk of developing RA by encoding
MHC class Il antigen-presenting molecules that can accommodate a wide
variety of peptide ligands (WysockiOlesinska and Paradowska-Gorycka,
2020). Shared epitope (SE) refers to the similar amino acid sequences at
positions 70-74 on the HLA-DR chain shared by the majority of RA-
associated HLA-DRBL1 alleles (Croia et al., 2019).

Genetic heterogeneity does not fully explain the characteristics of RA.
Consequently, the study of epigenetic factors and mechanisms associated
with the progression of a disease and its response to treatment become

increasingly vital (Nemtsova et al., 2019).

Changes in gene expression that are inherited without transforming
the DNA sequence determine which genes are active or inactive. Histone
modification, DNA methylation, and non-coding RNA mechanisms are the

primary mechanisms linked to this process (Karami et al., 2020).

1.3.4.2. Environmental Factors

Numerous ambient factors have been identified as risk factors for the
development of RA, with cigarette smoking being the strongest and most
consistently identified (Cush, 2022). There is growing evidence that
chronic mucosal inflammation such as periodontitis, dysbiosis of the
intestine and airway inflammation, is associated with an increased risk of
developing RA (Wang et al., 2019).
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Epstein-Barr virus and other viruses have been implicated for decades
as probable risk factors for RA (Baig and DiRenzo, 2023).

1.3.4.2.1. Smoking

Cigarette smoking is the most known external factor identified as
trigger of RA (Croia et al., 2019). Cigarette smoking has been implicated as
an environmental risk factor for seropositive RA, possibly by inducing
autoimmunity in the pulmonary mucosa and causing the body to emit
inflammatory cytokines that contribute to the joint and organ damage
associated with RA, up to 35% of the risk of seropositive RA is attributable
to cigarette consumption (Ren et al., 2023).

Recent studies have investigated passive cigarette smoking as a
possible risk factor for RA in non-smoking patients (PriscoMartin and
Sparks, 2020).

Passive smokers had a risk of RA that was 12% greater than that of
non-exposed individuals, the risk of developing RA was 34% higher in
individuals exposed to passive smoking during childhood compared to
those who were not exposed. RA risk may be associated with passive

smoking, particularly in childhood exposures (Zhang et al., 2023Db).

1.3.4.2.2. Traffic Pollution

Recent research has examined the potential impact of air pollution on
the development of autoimmune diseases like rheumatoid arthritis.
Evidence suggests that the airway tissues may be capable of transforming
airborne particles into antigens and presenting them as an interface between
the circulation and the airway. Thus, the particles in ambient air function as

autoimmunity precursors and triggers (Sigaux et al., 2019).

The World Health Organization (WHO) currently lists air pollution as
one of the most statistically significant difference health concerns. It is well
9
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established that smoking and silica exposure which induce an inflammatory
and oxidative stress response can increase the risk of RA (Zhang et al.,
2023a), pollutants in the environment are mixture of gases, Ozone (O3),
nitrogen dioxide (NO2), carbon monoxide (CO) and sulphur dioxide (SO2)
are the pollutants with the strongest evidence of public health risk (Alsaber
et al., 2020).

In addition, a previous study revealed that the lung may be the site of
early autoimmunity-related damage in RA. Exposure to air pollution
disrupts oxidation-reduction homeostasis in the respiratory mucosa and
induces pro-inflammatory immune responses in multiple immune cells,
suggesting that air pollution may be a risk factor for RA (PriscoMartin and
Sparks, 2020).

1.3.4.3. Host Factors

1.3.4.3.1. Sex and Hormones

Sex is the most influential epidemiological factor associated with the
onset of RA. Due to its autoimmunity, RA is more prevalent in women than
in men approximately three times as often (Intriago et al., 2019). Due to
stronger inherent and adaptive immune responses compared to males.
Women with diabetes mellitus in lIrag become more susceptible to

symptomatic arthritis get older (Rashid, 2023).

Considering the female predominance in the distribution of RA,
hormonal and sex-related factors have been studied for long time as disease

risk factors (ChancayGuendsechadze and Blanco, 2019).

The hormone imbalance is commonly attributed to estrogens, which
are commonly characterized as pro-inflammatory, in contrast to the
decreased anti-inflammatory effects of progesterone and androgens in RA

patients (Roméo and Fonseca, 2021).
10
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For example, androgens, particularly testosterone, have an anti-
inflammatory and immunosuppressive function, whereas estrogens
depending on their concentration exhibit a dual effect (Benagiano et al.,
2019). In fact, high estrogen levels (e.g., per ovulatory or pregnancy levels)
promote a shift from a pro-inflammatory T helper 1 (Th1)/Th17 cell
iImmune response to an anti-inflammatory Th2/T-regulatory cell (T-reg)
response, whereas low estrogen levels (e.g., luteal or postmenopausal
levels) induce the opposite shift. Consequently, menarche, pregnancy, the
postpartum period, menopause, and the use of hormone replacement

therapies all have an effect on disease activity (Dupuis et al., 2021).

1.3.4.3.2. Vitamin-D Deficiency

Vitamin-D is a steroid hormone and one of the most important
immunomodulatory endocrine mediators (SaponaroSaba and Zucchi,
2020), dietary sources of Vitamin-D include oily fish, eggs and dairy
products. In human, 7-dehydrocholesterol endures a series of ultraviolet-
light-mediated modifications to generate vitamin-D (Harrison et al., 2020).

Vitamin-D is known to exert anti-inflammatory effects on multiple
immune cells [macrophages, dendritic cells, lymphocytes, and fibroblast-
like synoviocytes (FLSs)] that express the vitamin-D receptor. It regulates
the production and release of autoantibodies by B cells (AoKikuta and
Ishii, 2021). It inhibits the proliferation and differentiation of activated B-
cells by inducing apoptosis. Vitamin-D inhibits T cell proliferation and the
production of IL2, interferon gamma (INF-y), and TNF-a (alpha) cytokines
(Aslam et al., 2019).

The relationship between the immune system and vitamin-D has been
revealed over the past two decades. This information along with the

repeated finding that low vitamin-D levels and vitamin-D deficiency were
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prevalent among RA patients prompted the investigation of vitamin-D as a
potential RA protective factor (Roméo and Fonseca, 2021).

A deficiency in vitamin-D negatively impacts bone mass, resulting in
rickets in children and adolescents ,osteoporosis and osteomalacia in adults,
also it has been linked to the onset or maintenance of other diseases such as
cardiovascular diseases, chronic obstructive pulmonary diseases, allergic
asthma, type two diabetes, and autoimmune diseases (Sizar et al., 2022).

The active form of vitamin-D is [1,25(0OH),D] that exerts
immunologic activities on both innate and adaptive immune system
components (Bikle and Christakos, 2020), that inhibits inflammation by
inhibiting the expression of Toll-like receptor (TLR) 2 and 4, and the
production of inflammatory cytokines, such as interleukin IL-1, IL-6, and
TNF-a , which play a crucial pathogenic role in autoimmune diseases
(Dupuis et al., 2021).

1.3.5. Rheumatoid Arthritis Immunological Mechanism

An abnormal immune response is mediated by the formation of
antigen-antibody aggregates known as "immune complexes" in type IlI
hypersensitivity reactions. They can precipitate in diverse tissues, including
the epidermis, joints, blood vessels, and glomeruli, and activate the
classical complement pathway (Dispenza, 2019).

At the site of immune complexes, complement activation recruits
inflammatory cells (monocytes and neutrophils) that release lysosomal
enzymes and free radicals, causing tissue injury. RA is the most prevalent
disease associated with a type Ill hypersensitivity reaction (Usman and
Annamaraju, 2021).

The network of innate and adaptive immune systems plays crucial
roles in the pathogenesis of RA. Autoimmunity in joints or other organs is

the initial symptom of RA, which is a state of continuous cellular
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activation. The majority of the disease's clinical manifestations occur
following synovial inflammation and joint injury (KondoKuroda and
Kobayashi, 2021).

Fibroblast-like synoviocytes (FLS) play a vital function in these
pathological conditions. A non-specific inflammatory stage, amplified by
T-cell activation in the synovium, a chronic inflammatory stage, and a
tissue injury stage mediated by cytokines such as IL-1, IL-6, and TNF-o are
reported as the three stages of RA progression (Ding et al., 2023).

Autoantibody production has been linked to severe symptoms such as
joint damage and increased mortality (Lucchino et al., 2019). This is
probable because autoantibodies against citrullinated peptides (ACPA)
generate immune complexes with citrulline-containing antigens. These
complexes then adhere to rheumatoid factors (RF), resulting in the
activation of the complement system (JangKwon and Lee, 2022).
1.3.5.1.Role of Innate Immune System

The innate immune system is activated by host responses to pathogen-
associated molecular patterns (PAMPs) induced by interactions with
pattern-recognition receptors (PRRs) on synovial joint immune cells,
including neutrophils, macrophages, dendritic cells (DC), natural killer
cells (NK), mast cells and eosinophils, PRRs include Toll-like receptors
(TLRs) and nucleotide-binding oligomerization domain (NOD)-like
receptors (Croia et al., 2019).

Macrophages secrete reactive oxygen intermediates, nitrogen
intermediates, matrix-degrading enzymes, inducible nitric oxide synthase,
and proinflammatory cytokines such as TNF-a and IL1s, which are

indicative of an M1 macrophage phenotype (Cutolo et al., 2022).

Neutrophils are the first cells to reach the synovium and the most

prevalent leukocytes in inflamed joints, neutrophils bind the immune
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complexes on the synovium through their Fc receptors on the neutrophil
membrane, triggering their degranulation and reactive oxygen species
(ROS) production, this increased ROS production by neutrophils at the site
of inflammation causes endothelial dysfunction and tissue injury
(EdilovaAkram and Abdul-Sater, 2021).

1.3.5.2.Role of Adaptive Immune System

Autoantibodies and the genetics of RA place adaptive immunity at the
center of early pathogenesis. The synovium contains abundance of myeloid
cells and plasmacytoid dendritic cells that express cytokines (IL-12, and IL
23), HLA class Il molecules, and costimulatory molecules necessary for T-
cell activation and antigen presentation (Zhao et al., 2021).

Although RA is conventionally believed to be a disease mediated by
type 1 helper T cells, the role of type 17 helper T cells (Th17), a subset that
produces IL-17A, 17F, 21, and 22 and TNF-a, has received increasing
attention (Giannini et al., 2020).

Macrophage and dendritic cell derived transforming growth factor
beta (TGFB) and interleukin-18, 6, 21, and 23 stimulate Thl7
differentiation and inhibit regulatory T-cell differentiation, thereby shifting
T-cell homeostasis towards inflammation (Tu et al., 2021).

Antigen presentation to T cells is another function of joint-infiltrating
B cells, which likely contributes to the pathogenesis of RA, B cellsand T
cells that have been activated typically aggregate in the synovium
(CheminGerstner and Malmstrém, 2019). Some B cells in the synovium
differentiate into plasma cells that produce auto-antibodies such as ACPA
and RF, whereas others differentiate into effector B cells that produce pro-
inflammatory cytokines and express the anti-inflammatory molecule
interleukin-6 (Testa et al., 2021).

The receptor activator of NF-kB ligand (RANKL) is essential for the

development of osteoclasts involved in joint destruction in RA. It is well
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known that RANKL is expressed on fibroblasts, osteoblasts, and T cells,
but a portion of B cells also express RANKL (Takeuchi et al., 2019).

Recently identified CD4 T cell subset peripheral helper T cell which is
characterized by the expression of programmed cell death protein 1 (PD-1)
is an inhibitory receptor expressed as a negative feedback mechanism on
activated T cells and production of the chemokine C-X-C motif ligand 13
(CXCL13) (Lowe et al., 2023), inflamed synovial tissues create chemokine
which attracts B cells after antigen-dependent interaction with antigen-
presenting cells (APC),activated monocytes and T-cells create this factor,
and IL-21 is implicated (SchererHaupl and Burmester, 2020).

The latter might be mediated by Thl-like CD4 T cell subsets that can
produce multiple pro-inflammatory cytokines (Jiang et al., 2021), including
IFN-y, TNF-a, and Granulocyte-Macrophage Colony Stimulating
Factor(GM-CSF), and express cytotoxic molecules such as perforin,
granzymes, and granulysin. CD8 T cells within the synovium are capable
of producing substantial quantities of IFN-y, However, the role of these
lymphocytes in the pathogenesis of RA remains unverified (Yamada,
2022).
1.3.5.3.Role of Complement System

The complement system is a component of innate immunity and
functions to recognize foreign antigens and initiate an inflammatory
response. There are three distinct but interconnected pathways: classical,
lectin, and alternative (GrandNavrazhina and Frew, 2020).

Since the 1950s, when a group of researchers began measuring
complement levels in the synovial fluid and plasma of patients with RA
and discovered contradictory results, the complement pathway has been
investigated in RA (Pabon-Porras et al., 2019). Patients with RA have

elevated complement levels in their serum but lesser levels in their synovial
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fluid compared to healthy individuals and those with other types of joint
disease (de Seny et al., 2020).

In rheumatoid arthritis numerous antibodies react with antigens in the
joints and have the potential to create immune complexes (IC) within
cartilage and synovial pannus tissue (XieJane-Wit and Pober, 2020). IC
activates complement, is opsonized by early complement components, and
Is subsequently taken up by phagocytes containing complement receptors.
In fact, elevated levels of complement activation products and increased C3
and C4 consumption can be detected in the synovial fluids of RA patients
(Dijkstra et al., 2019).

The synovial fluid of RA patients shows deposition of
immunoglobulin (Ig), C1g, C3, and C4 that could lead to activation of
infiltrated macrophages, mast cells, fibroblasts, and granulocytes by pro-
inflammatory cytokines, resulting in their degranulation and release of
proteolytic enzymes leading to joint erosion (Fukami et al., 2022), (Banda
et al., 2022).

There was statistically significant difference positive correlation
between circulating IC and C4/C4b, but not C3/C3b. However,
complement activation during RA does not appear to be limited to the
classical pathway, as there is evidence that the concentration of Bb
fragments generated during the formation of the C3 convertase of the
alternative pathway also increases in the synovial fluid of affected patients
(Goldberg and Ackerman, 2020). It is important to remember that the
alternative pathway acts as an efficient amplification loop for the classical
pathway at the stage of C3b production. Consequently, the alternative
pathway is also essential for processes that were initiated by the activation

of the classical pathway (HarrisonHarris and Thurman, 2023).
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1.3.6. Clinical manifestations

Rheumatoid arthritis is an autoimmune, inflammatory disease that
begins with minor joints and progresses to larger joints causes function loss
in various joints (most frequently the hands, wrists, and knees) (Prasad et
al., 2023). The lining of the affected joint becomes inflamed, resulting in

tissue injury, chronic pain (IgbalRattu and Shah, 2019).

All of this injury to the joints results in deformities and bone erosion,
which are typically extremely painful for the patient. Common RA
symptoms include morning rigidity of the affected joints for more than
thirty minutes, fatigue, fever, weight loss, swollen, warm joints, and
rheumatoid nodules on the skin. The onset of this disease occurs between
the ages of 35 and 60 (Bullock et al., 2019).
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(Ding et al., 2023)

17



Chapter One: Introduction and Literature Review

Even though synovitis is the pathological hallmark of RA, it is likely
that many extra-articular manifestations (EMs) and comorbidities occur
due to the disease's complex, chronic, inflammatory, and autoimmune
features, resulting in increased morbidity and premature mortality (Laria et
al., 2022). Chronic inflammation in RA can cause EMs such as vasculitis,
as well as cardiovascular (CV), pulmonary, neurological, gastrointestinal,

renal, and hematologic diseases (Figus et al., 2021).

1.3.7. Rheumatoid Arthritis Diagnosis

The classification criteria (ACR/EULAR-2010) American college of
rheumatology (ACR) and European league against rheumatism (EULAR)
are used to diagnose RA. The application of these criteria yields a value
between 0 and 10, with a score of 6 being sufficient for diagnosing definite
RA (JangKwon and Lee, 2022). ACR/EULAR criteria for 2010 included
serologic testing Rheumatoid Factor (RF) and Anti-citrullinated peptide
antibody (ACPA) (Ding et al., 2023).

According to previous mention antibodies RA patients were classified
into seropositive and seronegative groups (Luan et al., 2021).

It has long been known that seronegative RA is a form of RA in which
RF is absent, ACPA is absent, or both are absent during the course of the
illness. In distinct ways, seropositive and seronegative RA appears to
"behave" differently (Paalanen et al., 2021).

RA is typically diagnosed by a combination of patient symptoms, the
results of the doctor's examination, the assessment of risk factors, family
history, joint assessment by ultrasound sonography, and laboratory markers
such as elevated levels of CRP and ESR in serum and the detection of RA-

specific autoantibodies (LinAnzaghe and Schilke, 2020).
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Criteria Score
A. Joint involvement
1 large joint 0
2-10 large joints 1
1-3 small joints (with or without involvement of large joints) 2
4-10 small joints (with or without involvement of large joints) 3
>10 joints (at least 1 small joint 5

B. Serology (at least 1 test result is needed for classification)

Negative RF and negative ACPA 0
Low-positive RF or low-positive ACPA 2
High-positive RF or high-positive ACPA 3

C. Acute-Phase Reactants (at least one is needed for classification)
Normal CRP and normal ESR

Abnormal CRP or abnormal ESR 1
D. Duration of Symptoms

<6 weeks 0
>6 weeks 1

(Aletaha et al. 2010).

1.3.7.1. Acute Phase Reactants

Acute phase reactants (APRs) are proteins whose serum
concentrations increase or diminish by at least 25% during inflammatory
states. The effects of cytokines, such as IL6, IL-1 TNF-a, and IFN-y, are
primarily responsible for alterations in APR levels (Almoallim and Cheikh,
2021).

The clinical biomarkers to ascertain the general inflammatory state of
RA patients like CRP and ESR are routinely used (Shapiro, 2021).

C-Reactive Proteins (CRP) is an acute-phase reactant made up of five
23-kDa subunits from the pentraxin protein family. In the presence of
infection, inflammation, or tissue injury, its serum concentration can
increase by at least three log steps (Pathak and Agrawal, 2019).

Erythrocyte sedimentation rate (ESR) is a widely used standard
laboratory test that measures the rate at which erythrocytes settle in a test
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container containing a blood sample from the patient in question. In the
presence of inflammatory processes, infections, and autoimmune disorders
like RA, as well as pregnancy, anemia, certain kidney diseases, and certain
cancers, increased concentrations of fibrinogen in the blood induce red
blood cell coagulation (Narang et al., 2020).

During this process, the erythrocytes form bundles known as
"rouleaux™ that settle more quickly in the test tube due to their increased
density. The international committee for standardization in hematology
(ICSH) reference procedure for measuring the ESR is based on findings

described by Westergren a century ago (Tishkowski and Gupta, 2022).

1.3.7.2. Disease Activity Score (DAS)

The Disease Activity Score DAS/DAS28 is a continuous assessment
of the activity of the RA disorder that incorporates data from acute phase
response, tender joints, swollen joints, and general health (Van Riel and
Renskers, 2016).

A laboratory assessment of acute inflammation, general health,
swollen joints, and tender joints is used to calculate DAS28 scores, which

range from 0 to 9.4 (Greenmyer et al., 2020).

The Disease Activity Score based on 28 joints (DAS28) has been
increasingly used in clinical practice and research studies of RA. Studies
have reported calculating DAS28 based on ESR (DAS28-ESR) and CRP
(DAS28-CRP) in patients with RA (Tamhane et al., 2013).

20



Chapter One: Introduction and Literature Review

1.3.7.3. Rheumatoid Factor Antibody(RF)

Rheumatoid factor (RF) antibodies detecting the Fc-tail of
immunoglobulin (IgG) was the first autoantibodies identified in RA and
were utilized in the 1987 ACR classification criteria for RA, regardless of
its lack of specificity. The test can be considered useful in clinical
examinations where a high pre-test probability of RA exists (van Delft and
Huizinga, 2020).

In 1948, these antibodies were identified in patients with RA and in
1952, due to their strong association with RA, they became known as RF.
RF are autoantibodies that directly bind to the Fc portion of aggregated 1gG
and are generated locally by B cells in lymphoid follicles and germinal
center-like structures that develop in inflamed RA synovium (RochaBaldo
and Andrade, 2019).

Multiple studies have shown that the RF response utilizes a wide
range of isotypes, including IgM, 1gG, and IgA (SokolovaSchett and
Steffen, 2021).

Furthermore, RF IgA has been shown to play an important role in RA
disease manifestation (Brandl et al., 2021). In addition to RA, RF have
been identified in non-rheumatoid conditions such as leprosy, Kala Azar,
syphilis, pulmonary tuberculosis, chronic liver disease, and sarcoidosis, as
well as in many rheumatologically diseases such as SLE and Sjogren's
disease. The frequency of RF IgM increases with age, while RF IgG,

surprisingly decreases (Pertsinidou et al., 2021).

1.3.7.4. Anti-Citrullinated Peptide Antibody

Anti-citrullinated peptide antibody (ACPA) is another well-known
autoantibody in RA that is also used in diagnostics. Citrullination is a post-
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translational modification (PTM) that is recognized by ACPA.
Citrullination is the enzymatic transformation of arginine into citrulline by
peptidyl arginine deiminase (PAD) (CatrinaKrishnamurthy and Rethi,
2021).

Anti-citrullinated peptide antibody by recognition numerous
citrullinated antigens, including a-enolase, fibrinogen, filaggrin, vimentin,
and type Il collagen (CII), in 50-70% of RA patients. ACPA employs a
wide range of isotypes, including IgM, 1gG, and IgA (Brevet et al., 2021).

The extensive glycosylation of the VV domain of ACPA was recently
discovered to be a unique physicochemical characteristic of ACPA. This
extensive V-domain glycosylation is absent from IgM ACPA and is

predictive of the development of RA (van Delft and Huizinga, 2020).

Some studies have demonstrated that when certain environmental
factors change, arginine is converted to citrulline by peptidyl arginine
deiminases (PADs), and citrullinated proteins can through antigen-
presenting cells (APCs) presented to T cells by specific MHC, produce
ACPA and simultaneously generate autoimmune responses to citrullinated

self-antigens in RA patients (Ding et al., 2023).

Anti-citrullinated peptide antibody is frequently distinguished by anti-
cyclic citrullinated peptide (anti-CCP) antibodies (Okamoto et al., 2022).
Four generations of anti-CCP antibody tests have been developed to date,
the antigen for the first generation of anti-CCP (antiCCP1) antibody tests
was cyclic citrullinated peptides derived from the filaggrin protein using
different cyclic peptides (ElabdKhalfalla and Bolad, 2022).

The second generation of anti-CCP (anti-CCP2) antibody tests was
developed in 2002. In 2012, the third generation of anti-CCP (anti-CCP3)
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antibody tests containing a unique peptide was introduced. Followed in
2013 by the most recent version, anti-CCP3.1, which can detect the
combination of IgA and IgG isotypes. In comparison to earlier anti-CCP
antibody tests that could only detect a single Ig. This latest generation,
which has a higher sensitivity in RF-negative patients, has proven to be

statistically significant difference superior (Azalan et al., 2023).

1.3.7.5. Anti Carbamylated protein Antibody

Antibodies against carbamylated protein antigen (anti-CarP or ACP)
antibodies were discovered in RA patients in 2011, subsequent research has
demonstrated the predictive and prognostic value of this antibody system

and play a role in the pathogenesis of RA (Mohamed et al., 2019).

Unlike citrullination, which is an enzyme-mediated conversion of
arginine to citrulline, carbamylation is a chemical conversion of lysine
residues with cyanate to form homo-citrulline the only distinction between
homo-citrulline and citrulline is the addition of one CH2 to its side chain
(O’Neil et al., 2020).

Carbamylation occurs when there is abundance of cyanate, which
can be caused by an overabundance of urea and enhanced myeloperoxidase
activity (inflammation) or by direct consumption (smoking). ACP-Ab
existence and role in atherogenesis and renal failure have been brought to

light for quite some time (Ricchiuti et al., 2022).

Van Delft and Huizinga demonstrated the presence of anti-CarP
antibodies is predictive for the progression to RA in arthralgia patients as
well as increased joint destruction over time, particularly in ACPA-
negative RA patients, where the anti-CarP antibody response utilizes a
wide range of isotypes and IgG subclasses, including IgM, 1gG1-4, and
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IgA. In addition, anti-CarP antibodies recognize numerous Carbamylated
proteins, including both self- and non-self-proteins (Van Delft and
Huizinga, 2020).

1.3.7.6. Anti 14-3-3n protein Antibody

The protein eta [14-3-3n proteins] constitutes a family of intracellular
chaperonins expressed only in eukaryotic cells. The 14-3-3n family is
capable of interacting with over 200 intracellular proteins. Thus, it
coordinates a number of biological processes, such as protein trafficking,
signaling, and cytoskeletal transport. Seven isoforms that share over 50%
amino acid similarities have been isolated [alpha o, beta [, epsilon &,

gamma v, eta 1, zeta C, and sigma o] (Guan et al., 2019).

In 2007, Kilani et al. discovered for the first time that serum anti-14-
3-3n Ab was substantially associated with two routine biomarkers of RA in
arthritic patients. A study by Zeng et al. found that serum anti-14-3-3n, a
novel, highly specific RA biomarker was statistically significant difference
elevated in patients with accelerated RA disease progression and was

implicated in the pathogenesis of RA (Zeng et al., 2020).

High levels of anti-14-3-3 were detected in the supernatants of TNF-
a stimulated macrophages. These findings suggest that TNF-a promotes
14-3-3n secretion by inducing necroptosis in macrophages, which is a
novel mechanism for anti-14-3-3n level elevation in RA synovial fluid
(Trimova et al., 2020).

The eta protein antibody (anti-14-3-3n) has been shown to generate
inflammatory mediators such as IL-1 and IL-6 and has been linked to the

development of joint injury due to its promotion of receptor activator of
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nuclear factor-kB ligand (RANKL) and matrix metalloproteinase (MMP)
(Abdelnaser Awad et al., 2023).

Alashkar et al. suggest the eta protein antibody (anti-14-3-3n) has the
potential to be used in the early diagnosis of RA with greater sensitivity
and specificity than conventional diagnostic biomarkers. The addition of
anti-14-3-3n as a novel biomarker to RF and ACPA is advantageous for
early diagnosis of RA and early therapeutic intervention to reduce disease

progression and structural damage (Alashkar et al., 2022).

1.3.7.7. Anti-Dual Specificity Phosphatasell Antibody

Anti-Dual specificity phosphatasll (DUSP11) also known as
phosphatase that interacts with RNA belongs to the atypical DUSP protein
tyrosine phosphatase family, only as an RNA phosphatase that modulates
the stability of noncoding RNA is DUSP11 known (Yang et al., 2020).

Anti-Dual specificity phosphatase family phosphatases are the main
group of protein phosphatases that regulate mitogen-activated protein

kinases (MAPKSs) activity in mammalian cells (Guler et al., 2022).

Important components of cell signaling pathways are MAPKs. It
controls physiological and pathological responses to diverse extracellular
stimuli and environmental stresses (Yue and Lopez, 2020). MAPK
signaling pathways are involved in gene transcription, mRNA translation,
protein stability, protein localization, and enzyme activity. Thereby
regulating diverse cellular functions such as cell proliferation, cell
differentiation, cell survival, and cell death, MAPK signaling pathways are
also associated with several diseases, including inflammation and

malignancy (ChenChuang and Tan, 2019).
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In combination, DUSP proteins are differentially involved in T cell
activation, T cell senescence and exhaustion, and maintaining the
homeostasis of effector and T-reg subsets, rendering them highly
prospective diagnostic biomarkers and therapeutic targets for a variety of

immune-related disease contexts (Zhang et al., 2021).

In general, DUSP appear to function as signal repressors to prevent T
cell hyper activation and effector activity and inhibit the immune response.
Conversely, sustained T cell activation results in the overexpression of
DUSP proteins. The mechanisms by which chronic T cell activation causes

DUSP up-regulation are not yet entirely understood (Sun et al., 2021).

Recently, many studies have described a number of novel candidates
that have been proposed as potential RA biomarkers, seronegative RA is
problematic from both a diagnostic and a pathogenic standpoint. DUSP11
antibodies are among the novel candidate autoantibodies that have been
identified in this subset of patients. In one study, these antibodies were
detected in 30-40% of both ACPA-positive and ACPA-negative patients
(SokolovaSchett and Steffen, 2021).

1.3.8. Treatment

Nonsteroidal anti-inflammatory drugs (NSAIDs), which are primarily
used to control pain and inflammation, glucocorticoids (GCs), and disease-
modifying anti-rheumatic drugs (DMARDSs) comprise the current standard
treatment for RA (Abbasi et al., 2019).

Early-diagnosed RA patients may benefit from these therapies to
alleviate inflammation and other disease symptoms, as these therapies
inhibit inflammatory mediators to treat symptoms and prevent disease
progression (Mueller et al., 2021).
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Conventional synthetic DMARDs (csDMARD:s), biologic DMARDs
(bDMARDSs), and targeted synthetic DMARDs (tsDMARDs) are
subcategories of DMARDs (Sepriano et al., 2020). The principal approved
medications, the drugs currently being evaluated in clinical trials, and a
number of pre-clinical drugs for the treatment of RA. Methotrexate (MTX)
Is the most widely used csDMARDSs and has been considered a first-line

treatment for years (Conigliaro et al., 2019).

The chemical structure of methotrexate (MTX) is comparable to that
of the antifolate drug folic acid. This molecule was initially used for cancer
chemotherapy, and now it is administered in modest doses for RA

treatment (Friedman and Cronstein, 2019).

Nanomedicine has emerged as a novel therapeutic strategy to
effectively localize anti-rheumatoid arthritis (RA) medications in inflamed
joints (Jeong and Park, 2020).

Among the available nanomedicine approaches, water-soluble
polymer-drug conjugates offer a number of benefits, including enhanced
pharmacokinetics of the carried drug and simple handling and storage, as
the final products can be stored in solid form and prepared for parenteral
administration by simple dissolution in a physiological solution (Libanska
et al., 2023).

Throughout the past few decades, newer therapy methods have been
developed in order to gain deeper understanding of the literature
surrounding the actual cause of RA. The therapeutic potential of newer
targets, such as granulocyte macrophage colony stimulating factor,
dendritic cells and RANKL inhibitors (Shah et al., 2022).
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2.1. Subjects
2.1.1. Study Design

Case—Control study design.
2.1.2. Study setting

Irag/ Kerbala government/ Imam Al Hassan Al-Mujtaba Hospital.
2.1.3. Ethical Approvals

Ethical approvals from the College of Medicine at Kerbala
University and the Iraqi Ministry of Health / Kerbala Health Directory were
obtained (Appendices).
2.1.4. Study Population

Study subjects included people who attended Imam Al-Hassan Al-

Mujtaba Hospital/Rheumatology Unit/Kerbala-lrag during a period from
October 2022 to April 2023. The current study included 270 subjects, and
after obtaining acceptance from all of them to participate in the study,
according to questionnaires, they were divided into two main groups: 180
rheumatoid arthritis cases and 90 healthy controls, and then cases were
divided into 90 seropositive and 90 seronegative RA according to the
presence or absence of rheumatoid factor and anti-citrullinated peptide
antibody.
2.1.5. Inclusion and Exclusion Criteria

e Rheumatoid arthritis patients fully acquired the American college of
rheumatology (ACR)/European league against rheumatism
(EULAR) 2010 (ACR/EULAR-2010) RA classification criteria.

e Controls group should be people not have any rheumatological

disorder.

e Exclude all other rheumatological disorders or others autoimmune

disorders and Infectious diseases.
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2.2. Materials
2.2.1. Equipment’s:

In the practical aspect of the study, many types of equipment used in

the current study are illustrated in table (2-1).

Table (2-1): List of the equipment’s used with their companies and origin.

NO. Equipment Company Origin
1. Gel tube AFCO Jordon
2. Sodium citrate tube for ESR AFCO Jordon
3. Eppendorf tube AFCO Jordon
4, Tourniquet - China
5. Syringes Medica AUE
6. ESR reader JOKOH Japan
7. Automatic pipettes Dragon China
8. Sterile yellow tips Service bio China
9. Disposable gloves Mumu Malaysia
10. Sterile Wooden sticks ALS China
11. Centrifuge Hettich Germany
12, Eppendorf centrifuge Hettich Germany
13. Deep freezing Kirtsh Germany
14, Glass cylinder - China
15. Incubator Memmert Germany
16. Specific protein analyzer Hipro China
17, Microplate washer stat fax® Bio Front USA
18. Microplate reader chromate Awareness USA
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2.2.2. Laboratory Kits

The kits were used in the current study are illustrated in table (2-2).
Table (2-2): The kits that used in current study

Erythrocytes Sedimentation Rate
Principle of Test Westergren Method

Test Number/kit 100 Test
Number of kits 3 kits
Company/Origin AFCCO/Jordan

C-Reactive Protein Titer
Principle of Test Nephelometry

Test Number/kit 25 Test
Number of kits 11 kits
Company/Origin Hipro Biotechnology/China

Human Rheumatoid Factor Titer
Principle of Test Nephelometry

Test Number/kit 25 Test
Number of kits 11 kits
Company/Origin Hipro Biotechnology/China

Human Anti-Citrullinated Peptide Antibody
Principle of Test Sandwich -ELISA

Test Number/kit 96 Test
Number of kits 3 kits
Company/Origin Sun long-Biotech/China

Human anti-Carbamylated Protein Antibody
Principle of Test Direct -ELISA

Test Number/kit 96 Test
Number of kits 3 kits
Company/Origin Sun long-Biotech/China

Human 14-3-3 Protein Eta Antibody
Principle of Test Sandwich ELISA

Test Number/kit 96 Test
Number of kits 3 Kits
Company/Origin Sun long-Biotech/China

Anti-Dual Specificity Phosphatasl11Antibody
Principle of Test Sandwich ELISA

Test Number/kit 96 Test
Number of kits 3 Kits
Company/Origin My BioSource/USA
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Table (2-3): Materials provided with the ACPA kit

Materials provided with the kit 96 determinations Storage
1 User manual 1 R.T.
2 Closure plate membrane 2 R.T.
3 Sealed bags 1 R.T.
4 ELISA plate 96 wells 1 2-8°C
5 Standard: 108 U/ml 0.5mlIx1 bottle | 2-8°C
6 Standard diluent 1.5mix1 bottle | 2-8°C
7 HRP-Conjugate reagent 6mix1 bottle 2-8°C
8 Sample diluent 6mlx1 bottle 2-8°C
9 Chromogen solution A 6mlix1 bottle 2-8°C
10 Chromogen solution B 6mix1 bottle 2-8°C
11 Stop solution 6mix1 bottle 2-8°C

: 20ml o
12 Wash solution (30X)xLbottle 2-8°C
Table (2-4): Materials provided with the Anti-CarP kit

Materials provided with the kit 96 determinations Storage
1 User manual 1 R.T.
2 Closure plate membrane 2 R.T.
3 Sealed bags 1 R.T.
4 ELISA plate 1 2-8°C
5 Standards:[50,25,10,5,0] 0.5mIx5 vials 9.8°C

ng/l
7 HRP-Conjugate reagent 6mix1 bottle 2-8°C
8 Sample diluent 6mix1 bottle 2-8°C
9 Chromogen solution A 6mix1 bottle 2-8°C
10 Chromogen solution B 6mix1 bottle 2-8°C
11 Stop solution 6mix1 bottle 2-8°C
, 20ml o
12 Wash solution (30X)xLbottle 2-8°C
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Table (2-5): Materials provided with the Anti-14-3-3n kit

Materials provided with the kit 96 determinations Storage
1 User manual 1 R.T.
2 | Closure plate membrane 2 R.T.
3 Sealed bags 1 R.T.
4 ELISA plate 1 2-8°C
5 Standard: 180ng/L 0.5mlIx1 bottle 2-8°C
6 Standard diluent 1.5mlIx1 bottle 2-8°C
7 | HRP-Conjugate reagent 6mlix1 bottle 2-8°C
8 Sample diluent 6mlix1 bottle 2-8°C
9 | Chromogen solution A 6mix1 bottle 2-8°C
10 | Chromogen solution B 6mix1 bottle 2-8°C
11 Stop solution 6mlix1 bottle 2-8°C
12 wash solution 20ml (30X)x1bottle | 2-8°C

Table (2-6): Materials provided with the Anti-DUSP11 kit

NO Materials Color 96 well kit
1 ELISA Plate 96 well plate
S1(Red)
S2(Pink)
Standards[20,10,5,2.5, S3(Blue) .
2 1.25,0.625]ng/ml S4(Green) | O-°omixevials
S5(Yellow)
S6(White)
3 Sample diluent Blue 6.0mlx1 bottle
4 | HRP-Conjugate reagent Red 10mlx1 bottle
5 20xWash solution White 25mix1 bottle
6 Stop solution Yellow 6.0mlx1 bottle
7 | Chromogen solution A Purple 6.0mlx1 bottle
8 | Chromogen solution B Black \ 6.0mlx1 bottle
Brown
Closure plate :
o Membrgne 2xpleces
10 Manual 1xpaper
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Case — Control Study Design

Included 270 subiects

Healthy Control 180 Patients with RA

=90 Seronegative =90 || Seropositive = 90
» Case Group and Control Group

» Serological Test (Seropositive and Seronegative).

» Sex (Males and Females).

> Age and Age Groups (G1, G2, and G3).

» Smoking Factor (Smoker, Non Smoker and —Ve
Smoker).

» Family History to RA (Positive and Negative).

» Disease Activity Score (Mild, Moderate and
Severe).

» Treatment Intake (Regular and Irregular).

Study Groups sub-classification Regarding to

\_ /

Five milliliter of venous blood from
> Patients with RA

> Healthy Subjects

R

outine Assay
ESR level [Westergren Method].

CRP titer [Nephelometry].

RF titer [Nephelometry].

ACPA titer [ELISA]. /
\

VVVY

N

Study Markers
> Anti-CarP [ELISA].
» Anti-14-3-3n [ELISA].
» Anti-DUSP11 [ELISA].

\_
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2.3. Method

2.3.1. Sample Processing

Five milliliters of venous blood were drawn from patients and controls
1.6 ml were collected in ESR tube, and the remaining in Gel tube,
centrifuged for separation of serum after allowing to clot at room
temperature. Then, serum sample was divided into in four Eppendorf tubes
for each subject and stored at deep freezing (-40 to -80C) until used, ESR

level, CRP titer and RF titer immediately measured.

2.3.2. Parameters

2.3.2.1. Erythrocyte Sedimentation Rate

% Procedure of Test

» The venous blood 1.6 was added to the ESR tube (containing 0.4 ml of
sodium citrate anticoagulant). After that, it was mixed well and applied
to the Jokoh automated ESR instrument. After one hour, the results
were automatically displayed in digital screen and recorded.

» Normal values for the erythrocyte sedimentation rate (ESR), as derived
using the Westergren method, are as follows:
Male: <15 mm/hr. Female: <20 mm/hr. Child: <10 mm/hr.

2.3.2.2.C-Reactive Protein Titer Test

¢ Principle of Test

» The latex surface is coated with the antibody. Through latex
agglutination reactions, the CRP and antibodies in the sample form
immune complexes. Immune complexes are responsible for light
scattering, which is proportional to the intensity of scattered light and

CRP levels. The concentration of CRP is determined by comparing the
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turbidity of samples to the standard using a specific protein analyzer to

measure the intensity of scattered light.

/
0.0

Procedure of Test

1. The kit was restored to room temperature (25 °C) before testing.
2. The capillary of the sample collector aspirated the sample.

3. Then the sample collector is in the cuvette.

4. The test cuvette was inserted into the specific protein analyzer.
5. The result appeared after 90 seconds on a digital screen.

6. The result was recorded in questionnaire sheet.
7. The normal value of CRP Titer is < 10 mg/L

2.3.2.3.Human Rheumatoid Factor Titer Test

*»*  Principle of Test

\ 4

On the surface of the latex, the RF units conjugate IgG. Latex
agglutination in the liquid phase forms immune complexes from sample
RF and 1gG. The intensity of light scattering from immune complexes
is proportional to RF levels. Protein analyzers determine RF
concentration by comparing representative samples' turbidity to the

standard concentration.

O/
0.0

Procedure of Test

The kit was kept at room temperature (25 °C) before testing.
The capillary of the sample collector aspirated the sample.
Then the sample collector is in the cuvette.

The test cuvette was inserted into the specific protein analyzer.

A A

The result appeared after 130 seconds on a digital screen.
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6. The result was recorded in questionnaire sheet.

2.3.2.4. Anti-Citrullinated Peptide Antibody ELISA Test
¢ Principle of ELISA Test: Sandwich-ELISA
**  Procedure of ACPA Test

1. Standards were diluted as in the following chart.
sl 72 U/ml  300pul Original Standard + 150ul Standard diluents
S2 48 U/ml  300ul Standard No.1 + 150ul Standard diluents
S3 24 U/ml  150ul Standard No.2 + 150ul Standard diluent
S4 12 U/ml 150l Standard No.3 + 150ul Standard diluent

S5 6 U/ml  150ul Standard No.4 + 150ul Standard diluent

2. Then pipetted the volume of 50ul from each tube to the standard well.

3. One well in the ELISA plate was left empty as a blank control. In
sample wells, 40ul sample dilution buffer and 10ul sample are added.
With gentle shaking, the ingredients mixed well. Avoid touching the
ELISA well wall.

4. The ELISA plate was incubated for 30 minutes at 37 °C after being
sealed with the closure plate membrane.

5. Behind that, the concentrated washing buffer was diluted with distilled
water 30 times for 96 tests.

6. The washing procedure was then concluded; the membrane of the
closure plate was carefully peeled off, aspirated, and refilled with wash
solution. After resting for 30 seconds, discard the wash solution. Five
times the washing process was repeated.

7. The HRP-conjugate reagent was added 50ul to each well except the

blank control well.
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8.

10.

11.

12.

Then the plate was incubated for 30 minutes at 37 °C after being sealed
with the closure plate membrane.

After that, the process of washing was done again, as in number five.
Then the colouring step was done by adding chromogen solution A
(50ul) and chromogen solution B (50ul) to each well, mixing with
gentle shaking, and incubating at 37 °C for 15 minutes. Please avoid
light during colouring.

The reaction was stopped by adding 50pul of stop solution to each well.
The color of the well was changed from blue to yellow.

The absorbance was read at 450nm using an ELISA plate reader. The
optical density (OD) value of the blank control well is set to zero.

Assay was carried out within 15 minutes after adding the stop solution.

2.3.2.5.Human Anti-Carbamylated Protein Antibody ELISA

o
o
1.
2.

Test
Principle of procedure: Direct- ELISA

Procedure of Anti-CarP Test

One well was left as blank well (no sample and HRP was add).

Added 50ul of standard (S1, S2, S3, S4, and S5) to the standards wells,
respectively the standards concentration were (50, 25, 10, 5, and 0) ng/I
respectively. In the sample wells, 40ul sample dilution buffer and 10ul
of the sample are added without touching the wall of the well with
mixed well with gentle shaking.

Incubated for 30 minutes at 37°C after being sealed with a membrane
closure plate.

Distilled water was used to dilute the concentrated washing buffer 30
times for 96 tests.
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5.

10.

11.

Aspirated and then refilled with the wash solution after carefully
peeling off the closure plate membrane and dumping the wash solution
after 30 seconds. The washing procedure was repeated five times.

The HRP-conjugate reagent was added 50ul to each well except the
blank well.

Then incubated for 30 minutes at 37°C after being sealed with a
membrane closure plate.

The washing procedure that was mentioned in number five was
repeated five times.

The colouring was done by adding 50ul of chromogen A and 50ul of
chromogen B to each well, mixing well with gentle shaking, and
keeping at 37 °C for 15 minutes without light.

The reaction was terminated by adding 50ul of stop solution to each
well, and the color of each well changed from blue to yellow.

The optical density (OD) was read at 450nm by using a microtiter plate
reader. After adding the stop solution, the pate was measured within 15

minutes.

2.3.2.6.Human 14-3-3n Protein Antibody ELISA Test

/
%®
/
%®

1.

Principle of procedure: Sandwich-ELISA.
Procedure of Anti-14-3-3n Test
Standards were diluted as in the following chart.

S1 120ng/L 300l Original Standard + 150ul Standard diluents
S2 80ng/L  300ul Standard No.1 + 150ul Standard diluents

S3 40ng/L  150ul Standard No.2 + 150ul Standard diluent

S4 20ng/L  150ul Standard No.3 + 150ul Standard diluent

S5 10ng/L 150l Standard No.4 + 150ul Standard diluent

2.

Then, the first well of the ELISA plate was left empty as a blank
control. 50ul from each tube of standards was pipetted into the ELISA

plate wells as a standard, and 40ul sample dilution buffer and 10ul
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10.

11.

sample were added to the sample wells and mixed with gentle shaking.
There was no touching of walls.

The incubation process was done by incubating for 30 minutes at 37 °C
after sealing with a closure plate membrane.

The concentrated dilution buffer was diluted with distilled water (30
times for 96 tests).

Then the washing process was done after peeling off the closure plate
membrane, aspirating, and refilling with the wash solution. Discard the
wash solution after resting for 30 seconds. The washing procedure was
repeated five times.

The HRP-conjugated reagent was added at a volume of 50 ul to each
well except the well serving as the blank.

The incubation process was repeated as described in Step 3.

The washing process was duplicated as described in Step 5.

The chromogen solutions A and B were added to each well in a volume
of 50ul, respectively, gently shake them to mix and incubate at 37°C
for 15 minutes. Light during coloring process was avoided.

The termination process was applied by adding 50ul of stop solution to
each well to terminate the reaction, and the color in the well was
changed from blue to yellow.

The absorbance was read at 450nm using an ELISA plate reader. The
OD value of the blank control well was set to zero. The assay was

carried out within 15 minutes after adding the stop solution.
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2.3.2.7.Human DUSP11 Antibody ELISA Test (Sandwich-

\/
0.0

1.

ELISA)
Procedure of DUSP11 Ab Test

Before beginning the assay, they allowed the plate, all reagents, and
samples to reach room temperature (18°C-25°C).

Removed the plate from the foil pouch and the blank, standard, and
sample wells were marked.
The blank well was left empty, then 50ul were added as standard (S1,

S2, S3, S4, S5, and S6) that concentration were (0.625, 1.25, 2.5, 5, 10
and 20) ng/ml respectively.

Then 50ul of the samples were added to every sample well.

The HRP-conjugate reagent was added 100ul to every well except
blank wells. The plate was covered with a closure plate membrane and
incubated for 60 minutes at 37 °C.;

The ELISA plate wells were washed 4 times.

All wells received (50ul) of Chromogen Solution A and B. Mix gently
and incubated the plate at 37 °C for 15 minutes with light-protected
ELISA plate.

Stop Solution was added (50ul) to every well and the color of wells
chanced from red to yellow.

Optical Density (O.D.) was read at (450nm) using an ELISA reader

within 15 minutes after adding stop solution.
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2.3.3. Disease Activity Score (DAS)

The disease activity score (DAS) was calculated by online DAS

calculator when used the CRP titer or ESR level.

DAS (0-3.19) Remission and Low activity (Mild)
DAS (3.20-5.1) Moderate activity (Moderate)
DAS (>5.1) High activity (Sever)

2.4. Programs and Software:
» Microsoft Office version-2021.
» ELISA reader software.
» SPSS version-26 for statistics analysis.
» Pad Prism version-11.
» Online DAS- calculators.

DAS28 Caleuator DASIB.CRP Calcuator | DAWN L

Enter clnical datz Value: Enter cinical data Ve | _— Tender Jins

tender joint caunt ({-26) D fender oint count 0-26) E
solaon 08 [ | {swlnntom@) [
ESR () ] [cpimg) ]
VA3 gensral health patient VAS general health patient

(mm) D (mm) E

(Case] DAS2||[Resa] |[Cacde] DASIB]|[Ret] | oneue

® ESR:

version 1.2 by A den Broader M. Zandoet version 1.1 by M. Flendrie, Ptiman
and M. Flendfrie and J. Fransen & O

https://www.das-score.nl/das28/DAScalculators/dasculators.html
https://www.4s-dawn.com/DAS28/
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2.5. Statistical Analysis:

The SPSS program was used to do statistical analysis of the current
study. The Kolmogorov-Smirnov and Shapiro-Wilk tests was applied to all
study variables and groups to show the current study data distribution, and
according to the statistic test, the statistical analysis will follow either a
parametric or a non-parametric statistical test.

Statistically significant difference values are less than 0.05 and highly

statistically significant difference values are less than 0.01.

2.6. Standard Curve of Current Study Markers

16 -
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Figure 2-1: the standard curve of ACPA
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Figure 2-2: the standard curve of Anti-CarP
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Absorbance (450nm)
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3. Results
3.1. Distribution of sociodemographic characters of study

groups RA patients and healthy control

The meanzSE of age of the RA patients and healthy control group are
49.82+86 and 49.00+0.99 respectively at P.value (0.568), according to the
age variable of RA patients and healthy control in the current study, they
are subclassed into three groups: Group 1 (20-39) years of RA patients is
33(18.3%) and healthy control is 9 (10.0%), Group 2 ((40-59) years of RA
patients is 113(62.8%) and healthy control is 73 (81.1%), Group3(60-79)
years of RA patients is 34(18.9%) and healthy control is 8(8.9%), at
P.value (0.009). The sex distribution in the current study shows that Males
are 20(11.1%) in RA patients group and 12(13.3%) in healthy control
group while Females are 160(88.9%) in RA patients group and 78(86.7%)
in healthy control group, at P.value (0.594). The smoking status divided
into three groups: Non Smokers group are 151(83.9%) in RA patients
group and 88(97.8%) in healthy control group, Smokers group are
19(10.6%) in RA patients group and 2(2.2%) in healthy control group,
Negative Smokers group are 10(5.6%) in RA patients group and 0(0.0%) in
healthy control group. Treatment intake divided into: Regulars group are
113(62.8%) in RA patients group and 0(0.0%) in healthy control group,
Irregulars group are 67(37.2%) in RA patients group and 0(0.0%) in
healthy control group. The RA family history is divided into: Positive RA
family history group are 101(56.1%) in RA patients group and 0(0.0%) in
healthy control group, Negative RA family history group are 79(43.9%) in
RA patients group and 90(100.0%) in healthy control group. All these
results show in the table (3-1).
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Table (3-1): Distribution of sociodemographic characters of study groups

RA patients and healthy control

: , Healthy P.
Variables RA patients Control Value
AGE (mean+SE) 49.82+0.86 49.00+0.99 | 0.568
Group1(20-39) 33(18.3%) 9 (10.0%)
AQe groups = o 102(40-59) | 113(62.8%) | 73 (8L.1%) | 0.009
N (%
" [Group3(60-79) |  34(18.9%) 8(8.9%)
Males 20(11.1%) 12(13.3%)
Sex (%) 0.594
Females 160(88.9%) 78(86.7%)
Non Smokers 151(83.9%) 88(97.8%)
Smoking Smokers 19(10.6%) 2(2.2%) )
N (%) -
Negative 0 0
Srrokers 10(5.6%) 0(0.0%)
Treatment- | Regulars 113(62.8%) 0(0.0%)
Regularity -
@ Irregulars 67(37.2%) 0(0.0%)
RA Family Positive 101(56.1%) 0(0.0%)
History y -
- Negative 79(43.9%) 90(100.0%)

*Significant P.value < 0.05
Statistical test: Chi-square test

3.2. Distribution of sociodemographic  characters of

seropositive and seronegative RA patients

The meanzSE of age of the seropositive and seronegative RA patients
are 47.73+1 and 51.90+1 respectively at P.value (0.182), according to the
age variable of seropositive and seronegative RA patients in the current
study, they are subclassed into three groups: Group 1: (20-39) years of
seropositive are 23(25.6%) and 10(11.1%) of seronegative, Group2 (40-

59) years of seropositive are 55(61.1%) and 58(64.4%) of

seronegative, Group3(60-79) years of seropositive are 12(13.3%) and
45




Chapter Three: Results

22(24.4%) of seronegative RA patients, at P.value (0.225). Sex
distribution in the current study including in seropositive group
Males are 11 (12.2%) and in seronegative group are 9(10.0%) while
Females are 79(87.8%) in seropositive group and 81(90.0%) in
seronegative group, at P.value (0.635). The smoking status divided
into three groups: Non Smokers group are 75(83.3%) in seropositive
group and 76(84.4%) in seronegative group, Smokers group are
11(12.2%) in seropositive group and 8(8.9%) In seronegative group,
Negative Smokers group are 4(4.4%) in seropositive group and
6(6.7%) in seronegative group, at P.value (0.644). Treatment intake
divided into: Regulars group are 58(64.4%) in seropositive group
and 55(61.1%) in seronegative group while Irregulars group are
32(35.6%) in seropositive group and 35(38.9%) in seronegative

group, at P.value (0.643). The RA family history is divided into:
Positive RA family history group are 51(56.7%) in seropositive group and
50(55.6%) in seronegative group, Negative RA family history group are

39(43.3%) in seropositive group and 40(44.4%) in seronegative

group, at P.value (0.881). All these results show in the table (3-2).

46



Chapter Three: Results

Table (3-2): Distribution of sociodemographic characters of seropositive

and seronegative RA patients

Sero Sero p
Variables Positive Negative Vallue
N=90 N=90
Age Group1(20-39y) 23(25.6%) 10(11.1%)
groups | Group2(40-59y) | 55(61.1%) 58(64.4%) 0.225
N@®) | Group3(60-79y) | 12(13.3%) 22(24.4%)
Males 11 (12.2%) 9(10.0%)
Sex N(%) 0.635
Females 79(87.8%) 81(90.0%)
Non Smokers 75(83.3%) 76(84.4%)
Smoking Smokers 11(12.2%) 8(8.9%) 0.644
N (%) Negative 0 0
St A(4.4%) 6(6.7%)
Treatment | pogulars 58(64.4%) 55(61.1% )
Regularity Dlghe
N 59 Irregulars 32(35.6%) 35(38.9%)
L Positive 51(56.7%) 50(55.6%)
Family 0.881
H'jts)ry Negative 39(43.3%) 40(44.4%)

*Significant P.value < 0.05
Statistical test: Chi-square test
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3.3. Disease Activity Score DAS- CRP and DAS- ESR

between Seropositive and Seronegative RA patients group
Disease activity score according CRP between seropositive and
seronegative show in the mild group 28(31.1%) and 12(13.3%), in the
moderate group 39(43.3%) and 60(66.7%) and in the severe group
23(25.6%) and 18(20.0%) respectively, at P.value (0.074).
Disease activity score according ESR between seropositive and
seronegative show in the mild group 14(15.6%) and 4(4.4%), in the
moderate group 45(50.0%) and 48(53.3%) and in the severe group
31(34.4%) and 38(42.2%) respectively, at P.value (0.226).
The frequencies show the highest number in the moderate group in both
seropositive and seronegative RA patients. All these results show in the
table (3-3).
Table (3-3): disease activity score CRP and ESR among Seropositive and

Seronegative RA patients group

: - Sero Sero P.
Disease Activity Scores Positive Negative | Value
Mild 28(31.1%) 12(13.3%)
Disease Activity | Moderate 39(43.3%) 60(66.7%) 0.074
Score-CRP Severe 23(25.6%) 18(20.0%) '
Total 90(100%) 90(100%)
Mild 14(15.6%) 4(4.4%)
Disease Activity | Moderate 45(50.0%) 48(53.3%) 0.226
Score-ESR Severe 31(34.4%) 38(42.2%) '
Total 90(100%) 90(100%)

*Significant P.value < 0.05
Statistical test: Chi-square test
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3.4. Distribution of the Sex

The sex distribution in the current study between the study groups are
shown in the following figures: [3-1A] shows that 160 (88.9%) are females
and 20 (11.1%) are males among the total RA patients, figure [3-1 B] show
that 78(86.7%) are females and 12(13.3%) are males among the healthy
control group , figures [3-1 C and D ] show the highest frequencies of
females sex than males in both seropositive and seronegative 79 (87.8%)
and 81 (90%), respectively; while males are 11 (12.22%) and 9 (10%),

respectively.

H Males

u Males

Total Cases M Females
N=180 Healthy Control a Females
_ N=90

u Males

Sero-Positive RA  Females Sero-Negative RA  Females

N=90 N=90

Figure (3-1): Sex Distribution in the study group.
A- Sex Distribution of Total RA Patients.
B- Sex Distribution of Healthy Control.
C- Sex Distribution of Seropositive RA Patients.

D- Sex Distribution of Seronegative RA Patients.
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3.5. Comparison of Study Variables between RA Patients and

Control Groups:

There are no statistically significant difference between the mean+SE

of age of the RA patients which is 49.82+0.86 and the control group which
iIs 49.0+£0.99 at the P.value 0.508, while the meantSE of the disease
duration 6.30+0.43, ESR 38.73+1.64 , CRP 18.61+2.06, RF 43.55+4.29,
ACPA 55.81+4.24, anti-CarP 4.43%£0.49, anti-14-3-3n 10.02 +0.84, and
anti-DUSP-11 4.92+0.29at P.value 0.000 are statistically significant

difference for RA patients group compared to the control group are disease
duration 0.00+0.00, ESR 6.83+0.21, CRP 0.95+0.037, RF 5.44+0.23,
ACPA 3.97+0.096, anti-CarP 2.29+0.21, anti-14-3-3n 3.94+0.23 and anti-
DUSP11 2.25 £0.14 at P.value 0.000,as in the table (3-4).

Table 3-4: Comparison of study variables between RA Patient and Control

Groups
RA Patients Control
Parameters N=180 N=90 P. Value
mean+SE mean+SE
Age years 49.82 +0.86 49.0 +0.99 0.508"°
D. Duration years 6.30 £0.43 * - 0.000**
ESR-level mmn 38.73 +1.64 * 6.83 +0.21 0.000**
C-RP-titer mg/l 18.61 +2.06 * 0.95+0.037  0.000**
RF-titer umi 43.55 +4.29 * 5.44 +0.23 0.000%**
ACPA umi 55.81 +4.24 * 3.97 £0.096  0.000**
Anti-CarP ng/ 4.43 +0.49 * 2.29 +0.21 0.000**
Anti-14-3-31 ng/ 10.02 +0.84 * 3.94 +0.23 0.000**
Anti-DUSP-11 ngmi  4.92 £0.29 * 2.25+0.14  0.000**

NS: Non-Statistically significant difference

**: Highly statistically significant difference P. value < 0.01

Statistical test: Student T Test.
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3.6. Comparison of Study Variables between Seropositive and

Seronegative RA patients:

Seropositive and seronegative shows no statistically significant
difference in the mean+SE of age 47.73t£1 and 51.9+1 at P.value 0.182,
disease duration 5.94+0.6 and 6.69+0.6 at P.value 0.173, ESR 36.66+2 and
40.81+2 at P.value 0.809, and CRP 17.8+2.62 and 19.42+3.2 at P.value
0.986 between the previously mentioned groups respectively, but the
meanzSE of RF 75.53+7.08 and 11.56+1.1 at P.value 0.000 and ACPA
94.4+6.22 and 17.21+0.43 at P.value 0.000 in (seropositive and
seronegative) respectively is statistically significant difference for the
seropositive group than in seronegative group, while the mean+SE of anti-
CarP 4.17£0.92 and 4.68+0.36 at P.value 0.000, anti-14-3-3n 7.76+0.67
and 12.28+1.5 at P.value 0.000, and anti-DUSP-11 4.86+0.46 and
4.98+0.39 at P.value 0.032, in (seropositive and seronegative) respectively
is statistically significant difference in seronegative group than in

seropositive group, as in the table(3-5).

Table 3-5: Comparison of study variables between Seropositive and
Seronegative RA patients

Parameters Ser:]‘;gr?f;g"e Se;q‘lgﬁggg"e P. Value
Age years 47.73 1 51.9 +1 0.182"°

D. Duration years 5.94 +0.6 6.69 +0.6 0.173™
ESR-level mm 36.66 +2 40.81 +2 0.809"°
C-RP-titer mg/d 17.8 +2.62 19.42+3.2  0.986"°
RF-titer um 75.53+7.08*  1156+1.1  0.000**
ACPA u/ml 94.4 +6.22*  17.21+0.43  0.000**
Anti-CarP ngi 4.17 +0.92 4.68+0.36*  0.000**
Anti-14-3-31) ng/ 7.76 +0.67 12.28+1.5*  0.000**
Anti-DUSP-11 ng/mi 4.86 +0.46 4.98+0.39*  0.032*

NS: Non-Statistically significant difference
* Statistically significant difference P. value <0.05 **: Highly statistically
significant difference P. value <0.01 Statistical test: Student T Test.
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3.7. Comparison of Study Variables According to DAS-CRP:

The mean+SE comparison of current study variables according to the
disease activity score-28 depending on CRP (DAS28-CRP) shows no
statistically significant difference in the age mean+SE among mild 47x2,
moderate 51%1, and severe 51+2 groups at P.value 0.180. There is a
statistically significant difference in the meantSE of disease duration
8.2+1.2 at P.value 0.001, ESR 5944 at P.value 0.001, CRP 48.1+6.87 at
P.value 0.001, RF 76.35+£13.3 at P.value 0.001, and ACPA 75.63+10.6 at
P.value 0.004 in the severe disease activity group than in the mild and
moderate activity groups, while the mean+SE of anti-CarP 5.25+1.99 and
4.37+0.4 at P.value 0.001, anti-14-3-3n 13.14+£3.57 and 9.4+0.43 at
P.value 0.001, and anti-DUSP-11 5.8+0.75 and 4.99+0.42 at P.value 0.05
are statistically significant difference in the mild disease activity group and

moderate respectively than in the severe group, as in the table(3-6)

Table 3-6: Comparison of study variables according to Disease Activity
Score-CRP.

Parameters Mild Moderate Severe P Value
mean+SE meantSE mean+SE

AGE yeas A7 +2 51 +1 51 +2 0.180 N°

D. Duration ., 4.2 £0.5 6.4 £0.5 8.2+1.2* 0.001**

ESR-level mmn 27 +2 35 +2 59 +4 * 0.001**

C-RP-titer mg/d 6.26 £1.10 11.39+1.08 48.1+6.87* 0.001**
RF-titer umi 3491 +5.87 33.45+4.46 76.35+13.3* 0.001**
ACPA u/ml 62 +9.48 4510 +4.82 75.63+10.6* 0.004**
Anti-CarP ng/ 5.25+1.99* 437+04* 3.76+0.25 0.001**
Anti-14-3-3n ngn 13.14+3.57* 9.4+043* 85047  0.001**
Anti-DUSP-11 ngmi 5.8 £0.75* 4.99+0.42* 3.88 £0.33 0.05*

NS: Non-Statistically significant difference

* Statistically significant difference P. value <0.05
**Highly statistically significant difference P. value <0.01
Statistical test: ANOVA test
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3.8. Comparison of Study Variables between Seropositive and
Seronegative RA Patients According to DAS-CRP

Comparison of study variables between seropositive and seronegative
according DAS- CRP in the current study about the mean of age show
statistically significant difference for seronegative RA in moderate activity
group at P. value (0.020), and non- significant in mild activity group, about
the mean of disease duration there are non- statistically significant
difference between seropositive and seronegative RA patients among
disease activity group, ESR level show statistically significant difference
for seronegative RA in moderate activity group at P. value (0.014), CRP-
titer show non- statistically significant difference between seropositive and
seronegative among activity group, ACPA and RF- titer show highly
statistically significant difference for seropositive RA among activity group
especially for severe activity group at P. value (0.0001), anti-Carp show
statistically significant difference for seronegative RA in moderate and
severe activity group at P. value less than (0.05) while non- significant in
mild activity group between seropositive and seronegative, anti-14-3-3n
show highly statistically significant difference for seronegative RA among
activity group especially in mild activity group at P. value less than (0.01),
anti-DUSP-11show statistically significant difference for seronegative RA
in mild and moderate activity group at P. value less than (0.05) while non-
significant between seropositive and seronegative in severe activity group.
All these results show in the table (3-7).
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Table (3-7): Comparison of Study Variables between Seropositive and
Seronegative RA Patients According to DAS-CRP

Study parameters /DAS28- Pc?sei:ﬁ/e Nesgeart(i)ve P.
CRP Value
MeantSE MeantSE
Mild 4742 47+4 0.087 ">
AQge s Moderate 48+1 52+1 0.020*
Severe 49+3 5343 0.347 %
Mild 3.8+0.6 5.0+1.0 0.304 \°
D. Duration,.. | Moderate 6.2+1.0 6.5+0.6 0.797 "
Severe 8.1+1.2 8.3+2.2 0.936 "
Mild 2643 314 0.318 "
ESR-level mm/h Moderate 31+2 38+2 0.014*
Severe 605 58+7 0.816 >
Mild 6.16+1.16 6.50+2.58 | 0.904""
CRP-titer mga |_Moderate | 1020#1.19 | 12104160 | 0365 :z
Severe 44.72+7.62 52.45;12.4 0.590
Mild 46.27+7.41 | 8.39+1.38 | 0.0001**
RF-titer u/ml Moderate | 66.114#8.82 | 12.22+1.57 | 0.0001**
Severe | 127.11+17.58 | 11.49+124 | 0.0001**
Mild 81.74+11.70 | 15.92+1.51 | 0.0001**
ACPA umi Moderate 87.83+8.51 17.32+0.51 | 0.0001**
Severe | 120.95+12.31 | 17.71+0.88 | 0.0001**
Mild 5.86+2.85 3.84+0.30 | 0.319™°
Anti-Carp ng/ Moderate | 3.51+0.61 4.92+052 | 0.049*
Severe 3.24+0.21 4.43+0.45 | 0.008**
Mild 8.27+1.68 | 24.51+2.83 | 0.0001**
Anti-14-3-3n ngt | Moderate | 7.75:0.95 | 10.46+0.30 | 0.004**
Severe 7.1840.55 | 10.18+0.62 | 0.0002**
_ Mild 5.32+0.60 6.78+0.37 | 0.044*
Ant"zlljﬂsp'll Moderate 3.130.78 4.90+0.49 0.029;S
Severe 3.72+.49 4,07+0.43 0.664

NS: Non-Statistically significant difference
* Statistically significant difference P. value < 0.05

**Highly statistically significant difference P. value <0.01
Statistical test: ANOVA test
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3.9. Comparison of Study Variables According to DAS-ESR

Comparison of current study variables according to the disease
activity score-28 depending on ESR (DAS28-ESR) is no statistically
significant difference in the age mean£SE among mild 46+3, moderate
49+1 and severe 52+1 groups at P.value 0.204, and there are a statistically
significant difference in the meantSE of disease duration 8.0+0.8 at
P.value 0.001, ESR 55+3 at P.value 0.001, CRP 34.8+4.7 at P.value 0.001,
RF 57.1348.8 at P.value 0.015, and ACPA 58.42+7.1 at P.value 0.018 in
the severe disease activity group than in the mild and moderate activity
groups, while the mean£SE of anti-CarP 7.80+£4.42 at P.value 0.025, anti-
14-3-3n  15.92+6.94 at P.value 0.032, and anti-DUSP-11 7.51+1.41 at
P.value 0.003, are statistically significant difference in the mild group than

in the moderate and severe activity groups, as in the table(3-8)

Table 3-8: Comparison of study variables according to Disease Activity
Score-ESR

Mild

Moderate

Severe

Parameters mean+SE mean+SE mean+SE P. Value
AQe s 46+3 49+1 52+1 0.204

D. Duration,...  3.0£0.6 5.7+0.5 8.0+0.8*  0.001**
ESR-level mmih 22+3 30+1 55¢3*  0.001**
C-RP-titer mgl  6.2941.76  8.97+0.79  34.8+4.7* 0.001**
RF-titer u/mi 36.6+7.94 34.8+472 57.13+88* 0.015*
ACPA u/mi 83.1+19.4  48.6+4.9  58.42+7.1* 0.018*
Anti-CarP ngn ~ 7.80+4.42* 3.98+0.32  4.15+0.42  0.025*
Anti-14-3-3n ng1 15.92+#6.94* 9.73+0.87  8.88+0.37  0.032*
A”ti'g};’nlsp'll 7514141+ 4.80+0.39  4.40+0.42 0.003**

NS: Non-Statistically significant difference

* . Statistically significant difference P. value < 0.05

**: Highly statistically significant difference P. value <0.01
Statistical test: ANOVA test.
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3.10. Comparison of Study Variables between Seropositive
and Seronegative RA Patients According to DAS-ESR

Comparison of study variables between seropositive and seronegative
according DAS- ESR in the current study about the mean of age, D.
Duration, ESR-level, and CRP-titer show non-statistically significant
difference between seropositive and seronegative among activity group,
RF-titer and ACPA show highly statistically significant difference for
seropositive RA among activity group especially in severe activity group at
P.value (0.0001), anti-CarP show statistically significant difference for
seronegative RA in moderate and severe activity group at P.value less than
(0.05) while non- significant in mild activity group, anti-14-3-3n show
statistically significant difference for seronegative RA in mild and severe
activity group at P.value less than (0.05) while non- significant in moderate
activity group, anti-DUSP-11 show non- statistically significant difference
between seropositive and seronegative RA among activity group. All these

results show in the table (3-9).
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Table (3-9): Comparison of Study Variables between Seropositive and
Seronegative RA Patients According to DAS-ESR

... Sero
Study parameters /DAS28-ESR Serﬁefn‘iié“"e N,\t/lagat;\E/e P. Value
eant
Mild 48+4 40+7 0332
AQe o Moderate 471 51+2 0.075 >
Severe 49+2 54+2 0.078 """
Mild 3.0£0.7 3.3t1.1 0.818 "
D. Duration ... Moderate 5.7+0.8 5.7+0.6 1.000"°
Severe 7.6£1 8.3+1.2 0.654 >
Mild 203 29+8 0.293 "
ESR-level mm Moderate 29+2 3142 0.480 >
Severe 56:+4 55+4 0.859 "~
Mild 5.00+0.85 10.847.69 | 0.454"°
CRP-titer mg/di Moderate 8.99+1.11 8.96+1.13 | 0.984'"°
Severe 36.38+6.23 | 33.55:6.82 | 0.758""°
Mild 44.40+9.19 | 9.28+3.00 | 0.0001**
RF-titer u/m Moderate 61.32+8.06 | 9.96+0.65 | 0.0001**
Severe 110.21+14.59 | 13.83+2.42 | 0.0001**
Mild 102.84+22.30 | 13.90+3.73 | 0.0001**
ACPA umi Moderate 82.37+7.41 16.93+0.59 | 0.0001**
Severe 108.06+10.21 | 17.92+0.58 | 0.0001**
Mild 8.73%5.70 455+0.74 | 0.403™°
Anti-CarP ngn Moderate 3.08+0.53 4.45+0.32 0.019*
Severe 3.12+0.16 4.99+0.73 | 0.008**
Mild 9.02+3.32 40'078“:14'9 0.043*
RIS Moderate 7.90+0.85 | 11.45+1.44 | 0.106""°
Severe 7.00£0.42 | 10.40+0.45 | 0.0001**
Mild 6.67£1.62 | 10.44+265 | 0.226"°
Anti-DUSP-11 ngimi | Moderate 5,09+0.70 4524039 | 0341
Severe 3.70£0.39 4.97+0.68 | 0.075"°

NS: Non-Statistically significant difference

* Statistically significant difference P. value < 0.05

**Highly statistically significant difference P. value <0.01
Statistical test: ANOVA test
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3.11. Comparison of Study Variables According to Treatment
Regularity:

In the current study variables comparisons regarding regularity of
treatment intake, there is no statistically significant difference in the age
meanzSE between regular 501 and irregular 50+1 groups at P.value
0.902, and there is a statistically significant difference in the meanzSE of
disease duration 7.9+0.8 at P.value 0.001, ESR 50+3 at P.value 0.001, CRP
29.57+4.62 at P.value 0.001, RF 63.93+9.35 at P.value 0.001, and ACPA
63.56£7.92 at P.value 0.001 in the irregular groups than in the regular
group, while the mean+SE of anti-CarP 4.72+0.75 at P. value 0.047, anti-
14-3-3n  10.46%1.29 at P.value 0.044, and anti-DUSP-11 5.14+0.40 at
P.value 0.001, are statistically significant difference in the regular groups

than in the irregular groups, as in the table(3-10)

Table 3-10: Comparison of study variables according to Treatment

Regularity
Treatment Status iigﬂg? Ig:g}igags P. Value
AQE .o 50 +1 50+1 0.902"™
D. Duration e 5.4 +0.5 7.9+0.8* 0.001**
ESR 32 +2 50 +3 * 0.001**
C-RP ,ya 12.12 #1.55 29.57 +4.62 * 0.001**
RF v 31.46 +3.61  63.93 +9.35* 0.001**
ACPA ., 51.21 +4.83  63.56 +7.92 * 0.001**
Anti-CarP ., 472 £0.75*  3.93+0.42 0.047*
Anti-14-3-3n .,  10.46 #1.29*  9.28 +0.60 0.044*
Anti-DUSP-11 ., 5.140.40*  4.54 +0.44 0.001**

NS: Non-Statistically significant difference

* : Statistically significant difference P. Value < 0.05

**: Highly statistically significant difference P. Value <0.01
Statistical test: Student T Test
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3.12. Comparison of Study Variables between Seropositive
and Seronegative RA Patients According to Treatment
Regularity
Comparison of study variables between seropositive and seronegative

RA according treatment regularity in the current study about the mean of

age show non- statistically significant difference between seropositive and

seronegative among activity group, D. Duration show statistically
significant difference for seropositive RA in irregulars group at P.value

(0.012), ESR- level and CRP-titer show statistically significant difference

for both seropositive and seronegative especially for seropositive in

irregulars group of RA patients at P.value less than (0.05), RF-titer show
highly statistically significant difference for both seropositive and
seronegative especially for seropositive in irregulars group of RA patients
at P.value (0.0001), ACPA show statistically significant difference for
seropositive RA in irregulars group at P.value (0.024), anti-CarP show non-
statistically significant difference between seropositive and seronegative

RA between regulars and irregulars treatment intake, anti-14-3-3n show

statistically significant difference for seronegative RA in regulars group at

P.value (0.025), anti-DUSP-11 show statistically significant difference for

seronegative RA in regulars group at P.value (0.018). All these results

show in the table (3-11).
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Table (3-11) Comparison of Study Variables between Seropositive and

Seronegative RA Patients According to Treatment Regularity

Regulars Irregulars
Study parameters / Sero-prevalence MeganiSE MegntSE P. Value
Sero Positive 49+1 46+2 0.181""°
Age years . NS
Sero Negative 51+2 542 0.290
. Sero Positive 4.8+0.7 7.9£1.0 0.012*
D. Duration - NS
Sero Negative 5.910.6 7.9£1.3 0.164
Sero Positive 29+2 50+5 0.0013**
ESR-level mm/h .
Sero Negative 35+3 5044 0.0031**
. Sero Positive 10.31+1.34 31.3846.36 | 0.0007**
CRP-titer mgdi .
Sero Negative 14.02+2.84 27.91+6.74 0.043*
. Sero Positive 51.79+5.89 118.55+14.1 | 0.0001**
RFE-titer umi .
Sero Negative 10.02+0.60 13.99+0.71 | 0.0001**
Sero Positive 83.64+7.16 113.90+11.06 | 0.024*
ACPA U/ml y NS
Sero Negative 17.01+0.57 17.53+0.65 0.522
— NS
. Sero Positive 4.77+£1.43 3.08+0.14 0.094
Anti-CarP ng/ . NS
Sero Negative 4.66+0.33 4.72+0.78 0.943
" NS
. Sero Positive 7.54+0.83 8.18+1.16 0.704
Anti-14-3-3n ng/ .
Sero Negative 13.55+1.43 10.29+0.38 0.025*
— NS
. Sero Positive 4.97£0.62 4.66x0.64 0.715
Anti-DUSP-11 ng/ml -
Sero Negative 5.32+0.30 4.13+0.41 0.018*

NS: Non-Statistically significant difference

* Statistically significant difference P. value < 0.05

**Highly statistically significant difference P. value <0.01
Statistical test: ANOVA test

3.13. The ROC Curve for Study Parameters

The area that is shown in the following figure (3-2) shows the highly

sensitivity and specificity of current study markers anti-CarP, anti-14-3-3n

, and anti-DUSP-11 with routine acute phase reactants and gold standard
antibody markers for RA patient at area 0.964, 0.923, and 0.827
respectively and the P.value 0.000 these result display in table (3-9).

60




Chapter Three: Results
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Figure (3-2): ROC Curve among Study Markers.

Table (3-12): The statistical test among study markers regarding ROC

Curve.
Routine Test & Study Markers AUC SE P. Value
ESR mm/h 0.998 0.002 0.000**
CRP mg/dl 0.987 0.005 0.000**
RF u/ml 0.912 0.017 0.000**
ACPA u/mi 0.996 0.003 0.000**
Anti-CarP ng/l 0.964 0.014 0.000**
Anti-14-3-3n ng/l 0.923 0.019 0.000**
Anti-DUSP11 ng/ml 0.827 0.027 0.000**

ROC curve (receiver operating characteristic curve) mainly used in medical research
AUC[(0.9-1)excellent, (0.8-0.89) Good, (0.7-0.79) fair, (0.6-0.69) poor & (0.5-0.59) fail]

3.14. Correlation among Study Parameters in RA patients
According to the age variable in the current study, there is non-

statistically significant correlation with ESR, CRP, RF, ACPA, anti-CarP,

anti-14-3-3n and anti-DUSP11at the correlation coefficient range (r=0.05-

0.1 P.value=>0.05), while the disease duration has positive statistically
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significant correlation with ESR at P.value (0.047) and negative

statistically significant correlation with anti-DUSP11 at P.value (0.014).

The ESR has positive statistically significant correlation with CRP
and RF at P.value (0.000) and at P.value (0.003) respectively, and negative
statistically significant correlation with anti-DUSP11 at P.value (0.023).

The DAS28-ESR has negative statistically significant correlation with
anti-14-3-3n and anti-DUSP11at P.value (0.042) and (0.016) respectively.

The DAS28-CRP has negative statistically significant correlation with
anti-DUSP11at P.value (0.030).

The RF has positive statistically significant correlation with ACPA at
P.value (0.000).

The ACPA has negative statistically significant correlation with anti-
14-3-3n Abs between them at P.value (0.044).

The anti-DUSP11 has positive statistically significant correlation with
anti-CarP and 14-3-3 n at P.value (0.016) and (0.001) respectively, all the

results were shown in the table (3-13).
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2 RE Ui r |-0.104 | 0.130 [0.2217| 0.162" | 0.154 | 0.243" | 1
o o/ P.| 0.163 | 0.083 | 0.003 | 0.030 | 0.039 | 0.001
n *%x
S r | -0.108 | 0.091 | 0.030 |-0.048 | 0.087 | 0.082 [0.616 1
£ ACPA umi
S CPA Ulm P. | 0.150 | 0.223 | 0.687 | 0.523 | 0.243 | 0.271 | 0.000
S o -0.052 | -0.075 | -0.083 | -0.106 | -0.070 | -0.075 | 0.027 | -0.109 | 1
k= P el 0485 | 0.320 | 0.267 | 0.159 | 0.353 | 0.316 | 0.720 | 0.144
e Anti-14-3-3n| r | ©0.019 | 0.012 | -0.091 |-0.145"| -0.047 | -0.139 | -0.144 |-0.151"| -0.023 1
S ng/l P.| 0.803 | 0.868 | 0.222 | 0.042 | 0.531 | 0.064 | 0.054 | 0.044 | 0.763
. Anti-DUSP11/ r | -0.099 |-0.1847|-0.170"|-0.180 | -0.097 | -0.162" | -0.100 | -0.031 | 0.179" | 0.242"
a9 ng/ml P.| 0.185 | 0.014 | 0.023 | 0.016 | 0.195 | 0.030 | 0.184 | 0.677 | 0.016 | 0.001
N = (r): Correlation coefficient
It = Sig: P. value (*) significant <0.05 and (**) highly significant <0.01
o)
S
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3.15. Correlation among Study Parameters in Seropositive

RA patients
According to the age variable in the seropositive RA patients in the

current study, there is non-statistically significant correlation with ESR,
CRP, RF, ACPA, anti-CarP, anti-14-3-3n and anti-DUSP11 at the
correlation coefficient range (r=0.05-0.1 P.value=>0.05, while the disease
duration has positive statistically significant correlation with ESR, CRP,
RF, and ACPA at P.value (0.006), (0.000), (0.004), and (0.008)
respectively, and negative statistically significant correlation with the anti-
DUSP11 at P.value (0.029).
The ESR has positive statistically significant correlation with CRP

and RF at P.value (0.000).

The DAS28-ESR has negative statistically significant correlation with
the anti-DUSP11 at P.value (0.028).

The CRP has positive statistically significant correlation with RF and
ACPA at P.value (0.002) and (0.029) respectively.

The DAS28-CRP has positive statistically significant correlation with
the RF and ACPA at P.value (0.000) and (0.021) respectively

The RF has positive statistically significant correlation with ACPA at
P.value (0.000).

The anti-CarP have positive statistically significant correlation anti-
DUSP11 at P.value (0.010).

The anti-14-3-3n has non-statistically significant correlation with anti-
DUSP11 at P.value (0.098), all the results were shown in the table (3-14).
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Table (3- 14) Correlation among Study Parameters in Seropositive RA

patients

D O (9p) < o] o™
ge| X o _
Parameters WM, o © o _n._a._ o % g O m =
aR < < < c =]
O a a) < c
<
r 1-0.011(0.297| 1
ESR mm/h -
Sig [0.919 |0.006
r 1-0.08710.387[0.737 | 0517 | 1
C-RP mg/dl -
Sig | 0.417 |0.000 | 0.000 | 0.000
r 1-0.002] 0.3 [0.457]0.369 |0.327 [ 0.447 | 1
RF U/ml -
Sig | 0.99 |0.004 | 0.000 | 0.000 |0.002 | 0.000
r 1002 |0287| 017 | 009 [023"| 024" [0417] 1
ACPA u/ml .
Sig | 0.83 [0.008 | 0.118 | 0.427 ]0.029 | 0.021 {0.000
. r 1-0.12 |-0.13 | -0.15 | -0.18 |-0.09| -0.12 [-0.01] -0.13 | 1
Anti-Carp ng/l -
Sig | 0.26 [0.242 |0.151 | 0.089 |0.400| 0.276 [0.959 | 0.239
. r |-0.01 |-0.09 [-0.064| -0.11 |-0.05|-0.064 |-0.09| 0.01 |-0.02| 1
Anti-14-3-3n ng/l -
Sig| 0.94 [0.389 |0.549 | 0.321 |0.655| 0.548 |0.407 | 0.940 |0.834
Anti-DUSP11 | r |-0.08 |-0.237| -0.17 | -0.23" |-0.14 [-0.144 |-0.15 | -0.037 0.27 | 0.18
ng/ml Sig | 0.48 [0.029 |0.115 | 0.028 |0.204 | 0.177 |0.166 | 0.731 [0.010 [0.098

= (r): Correlation coefficient
= Sig: P. value (*) significant <0.05 and (**) highly significant <0.01
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3.16. Correlation among Study Parameters in Seronegative

RA patients
According to the age and disease duration variables in the

seronegative RA patients in the current study, there is non-statistically
significant correlation with ESR, CRP, RF, ACPA, anti-CarP, anti-14-3-3n
and anti-DUSP11 at the correlation coefficient range (r=0.05-
0.1 P.value=>0.05).

The ESR has positive statistically significant correlation with CRP
and ACPA at P.value (0.000) and (0.023) respectively.

The anti-14-3-3n has negative statistically significant correlation with
DAS28-ESR, DAS28-CRP and ACPA at P.value (0.017), (0.016) and
(0.001) respectively.

The anti-CarP have non-statistically significant difference negative
correlation with anti-14-3-3n and anti-DUSP11 at P.value (0.526) and
(0.586) respectively.

The anti-DUSP11 has positive statistically significant correlation with
the anti-14-3-3n at P.value (0.002), all the results were shown in the table
(3-15).
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= (r): Correlation coefficient
= Sig: P. value: (*) significant <0.05 and (**) highly significant <0.01

patients

<
- o o a | &
1 C
Qo D O n @ < S ™
V S.U o 1
= Parameters 2|8¢E Slele| @852 =
=) 2 5 W < O < < = i
D 0A O a) < =
S <
o
g r {017]002] 1
- ESR mm/h -
£ Sig [0.111]0.980
& r |-0.03[-0.170.64710.377| 1
© C-RP mg/dl .
E Sig [0.755/0.115]0.000 | 0.000
S r |-0.03[-0.01]0.13]0.18]0.05| 007 | 1
RF U/mi -

> Sig [0.7550.915]0.241|0.089 | 0.663|0.519
u *
& r | 0.10(-0.06[024"]0.19|002|012]005]| 1
> ACPA u/ml -
£ Sig [0.375/0.601]0.023|0.069 [0.842| 0.27 |0.674
= . r | 0.08|0.01]0.06]0.07|-006/0.03]-003]|012( 1

Anti-Carp ng/l -
S Sig [0.480]0.942]0.595|0.514 0.551| 0.77 |0.788|0.265
< . r |-0.09(0.04 |-0.15]-0.25"| -0.06 |-0.25"| -0.02 |-0.35"|-0.068| 1
L Anti-14-3-3n ng/l |—
o Sig |0.428]0.730]0.162|0.017 [0.5810.016 | 0.840 | 0.001 | 0.526
C **k
= Anti-DUSP11 | T |-0-14[-0.14]-0.18|-0.12 [ -0.07 [ -0.20 | 0.01 -0.03 [-0.058]0.321
- gl Sig |0.195(0.194]0.093]0.273[0.548|0.065 | 0.944 [ 0.780]0.586 | 0.002
2
o)
©
T
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4. Discussions
4.1. Distribution of sociodemographic characters of study

groups RA patients and healthy control

The sociodemographic characters that showed in the table (3-1) in the
current study that included 270 subjects, classified into two groups (case-
control) with the meantSE of age 49.82+86 and 49.0 +0.99 respectively
and the age rang was from 20-73 years, the study results show the adequate
matching in the mean age and range among study groups and these results
agree with (Hussein, 2019) the study show the RA patients mean age was
47.82years and control mean age was 46.82years, and agree with (Osman
et al., 2021) that show mean age was 48.5 years ,also agree with (Kolarz et
al., 2021) that mean age was (52.1) years and the age ranged (18-70) years.

Regarding to the age groups in the current study table (3-1) the group
two has highest group numbers that age ranged from (40-59) years
represent 62.8% as 113 subjects, These frequencies agree with (Abbood,
2019) in Irag, that showed the patients age group range from (40-59 years)
was 112 subject that represented (62.2%) of the study group. The highest
age range from (40-59) years may be due to the disease progression with
age and hormonal effect especially in Females. In fact, the low estrogen
levels postmenopausal encourage the proinflammatory effects so induce
RA.

The sex distribution in the current study are showed in the table (3-1)
that appear the females sex in the RA patients represent 160(88.9%) and
this results agree with (Oweis et al., 2020) that showed females sex
represented 252 (88.4%), also agree with (lannone et al., 2017) in Italy that
showed the female 77(80.68%) of total RA patients, and agree with
(Osman et al., 2021) that show females were 79 (92.9%), and males were 6
(7.1%) in the case group. The sex distribution of females more than males

may due to females have stronger immune system and hormonal imbalance
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iIs commonly attributed to estrogen make them more susceptible to
autoimmune diseases more than males, also females with diabetes mellitus
in Iraq become more susceptible to symptomatic arthritis get older, and
disagree with (Nilsson et al., 2021) in the Sweden that showed the female
sex were represented (68%) of RA patients this disagreement may due to
the sample selection, inclusion and exclusion criteria.

The family history of RA patients in the current study is positive
family history in 101(56.1%) of total RA patient, that means predisposed to
RA and this result may benefits in early diagnosis for RA and adopting
healthy life style to prevent disease progression, this result disagree with
(Flyeh, 2019) this study showed only (6%) of the RA patients in the study
had positive family history, these discrepancy due to variation about
previously unknown between the current study population when compared

with previous period and study population.

4.2. Comparison of study variables between RA Patients and

Control Groups

The results in the table (3-4) show, the Anti-CarP is statistically
significant difference at P. value less than (0.01) for RA patients group.
These results agree with the following studies (Elsayed et al., 2019) in
Egypt, (Mohamed et al., 2020) in Egypt, (Sidiras et al., 2021) in Belgium
and (Kolarz et al., 2021) in Poland, all of these studies demonstrated
statistically significant differences in anti-CarP levels between RA patients
and healthy controls, that is may due to Carbamylation which occurs when
there is abundance of cyanate, which can be caused by an overabundance
of urea and enhanced myeloperoxidase activity (inflammation) or by direct

consumption (smoking).

The anti-14-3-3n is statistically significant difference at P. value less

than (0.01). This finding agrees with (LiuLiao and Shi, 2019) in China and
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(El-Sherif et al., 2019) in Egypt, these studies showed that the 14-3-3n
Abs were high level in early RA than control, that due to the anti-14-3-3n
has greater sensitivity and specificity than conventional diagnostic
biomarkers, and agree with (Bonifacio et al., 2019) in Italy, that showed
the 14-3-3n Abs, a new proinflammatory mediator implicated in RA than

controls.

The anti-DUSP-11 is statistically significant difference with P. values
less than (0.01). This result agrees with (Li et al., 2022) in China, these
studies showed that DUSP11 Abs had specificity for RA patients when

compared with healthy control.

4.3. Comparison of study variables between Seropositive and

Seronegative

Regarding to the results in the current study that were shown in the
table (3-5) that reveal the age, disease duration, ESR, and CRP have non-
statistically significant difference at P.value (0.182), (0.173), (0.809) and
(0.986) respectively, between seropositive and seronegative RA. This result
agrees with (Oweis et al., 2020) in Jordan, and agrees with (Liu et al.,
2021) in China.

The results in table (3-5) that show the RF and ACPA are statistically
significant difference at P.value less than (0.01) for seropositive than
seronegative. So these results agree with (Reed et al., 2020) in Sweden this
study revealed that RA patients were classified as seropositive or
seronegative, depending on the presence or absence of ACPA and RF,
and agree with (Kronzer et al., 2021) in Sweden that showed the ACPA

and RF were specific for seropositive RA patient,.
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The study markers anti-CarP, anti-14-3-3n, and anti-DUSP-11 in the
table (3-5) are statistically significant difference at P.value (0.000), (0.000)
and (0.032) respectively in seronegative RA patients compared to

seropositive RA patients.

The anti-CarP antibodies result agrees with the following studies
(Sidiras et al., 2021) in Belgium, that showed the anti-CarP were associated
with seronegative RA, and (Lamacchia et al., 2021) in Switzerland, this
study showed the significant difference at P.value 0.02 for seronegative
when compared with seropositive patients, also (Wang et al., 2023) in
China, that said the presence of anti-CarP antibodies may aid in the early
detection of RA, and (Markovic et al., 2023) in Italy, that revealed that
anti-CarP antibodies were detected in a substantial proportion of RA
patients in about 35% of seronegative patient and also agree with (Ucci et
al., 2023) in UK they indicated that citrullinated and carbamylated protein
expression in the extracellular micro-vesicles of rheumatoid arthritis

patients.

The anti-14-3-3n antibody result agrees with the following studies
(Salman et al., 2019) in Turkey, that showed the importance of anti-14-3-
3n Abs in the seronegative RA patients at P. value 0.001, and (Zhang et al.,
2020) in China, that revealed the values of anti-CarP and anti-14-3-3n Abs
in the boosting of RA diagnosis in compensation with gold standard
markers, also agree with (Wu et al., 2022) in China, that determined that
the addition of anti-14-3-3ny Abs can provide incremental benefits for the
diagnosis of RA, and also agree with (Chawla and Jain, 2023) in India, they
indicated that anti-14-3-3n Abs levels are substantially elevated in RA

patients and may be used as an additional diagnostic test for RA.
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The anti-DUSP11 result agrees with (Lu et al., 2021) in China, this
study showed that DUSP11-Abs significant for seronegative RA patients,
and agree with (SokolovaSchett and Steffen, 2021) in Germany, that
indicated the presence of anti-pentraxin 3 and anti-dual specificity
phosphatase 11 (DUSP11) antibodies in about 30-40% of both ACPA-
positive and ACPA-negative RA patients, also agree with (Li et al., 2022)
in China , this study revealed that DUSP11-Abs significant for diagnosis of
seronegative RA cases, and also agree with (Romao and Fonseca, 2022) in
Portugal, that revealed that anti-DUSP11 present in serum of RA patients
as 32%.

4.4. Comparison of study variables According to DAS28-CRP

Regarding to the findings in the table (3-6) the results were compared
the mean+SE of the current study variables on the bases of DAS28-CRP,
therefore the result of meantSE age among mild, moderate and severe
groups have non-statistically significant difference at P.value (0.180) while
the mean£SE of disease duration, acute phase reactants (ESR and CRP),
RF and ACPA have statistically significant difference at P.value less than
(0.01) among the DAS28-CRP groups especially for severe than moderate
and mild groups. These results agree with (Hussein, 2019) in lIraq, that
documented the statistically significant difference for severe DAS28-CRP
in RA patients than other two groups, and agree with (Abbood, 2019) in
Irag, that demonstrated the highly significant value for the mean of ESR
and CRP for severe groups than mild and moderate DAS28-CRP. This may

be due to delayed diagnosis and progression of the disease.

The current study markers anti-CarP Abs, anti-14-3-3n Abs, and anti-
DUSP11Abs are associated with the mild and moderate groups at
statistically significant difference P. value (0.001), (0.001) and (0.05)
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respectively, which were shown clearly in table (3-6). These results agree
with (Wang et al., 2023) in China, they demonstrated that anti-CarP Ab the
associated with mild DAS28 and may use as novel marker in compensation
with other markers, but disagree with the following studies (De Stefano et
al., 2021) Italy, that said that anti-DUSP11 Abs associated with worst
outcomes high DAS28 patients, and (Alashkar et al., 2022) they
documented the anti-14-3-3n had positive correlation with disease activity,
and also disagree with (Abd Elsamea et al., 2023) in Egypt, they show 14-
3-3n protein levels were significantly high level in RA and significantly
correlated with inflammation. These discrepancies are due to the dose and
type of treatment intake that affected the level of acute phase reactant and
patients behaviors and pain relive that finally affected the disease activity

Score.
4.5. Comparison of study variables between seropositive and

seronegative RA patients According to DAS28-CRP

Regarding to the findings in the table (3-7) the results in the current
study were compared the mean£SE of the current study variables between
seropositive and seronegative RA patients on the bases of DAS28-CRP
therefore the result of RF and ACPA at P. value (0.0001) agree with
(Carbonell-Bobadilla et al., 2022). These results indicate the routine tests
ACPA and RF associated with severity of disease, RA progression, joint

destruction and bone erosion in seropositive RA patients.

The results of study markers (anti-CarP, anti-14-3-3n, and anti-
DUSP11) Abs is unique in this field with regard to the markers used in the
study that separated seropositive and seronegative RA patients according
DAS28-CRP. These results indicate the study markers can be aid in the
diagnosis of RA patients especially seronegative RA to prevent disease

progression.
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4.6. Comparison of study variables according to DAS28-ESR

The results were shown in the table (3-8) in the current study revealed
the non-statistically significant difference at P.value (0.204) of the
mean+SE age among mild, moderate and severe activity group regarding
DAS28-ESR. This result agrees with (Sparks et al., 2019) in USA, while
the disease duration ,ESR, CRP, RF and ACPA show statistically
differences with sever disease at P.value (0.001), (0.001), (0.001), (0.015)
and (0.018) respectively, that progression with time. This result agrees with
(Madan et al., 2019) in India that demonstrated the association of disease
severity with elevated level of ESR, CRP, RF and ACPA, and agree with
(Vadell et al., 2020) in Sweden that showed the severity increased with
disease duration, the ESR, CRP, RF and ACPA are significantly difference
among DAS28 groups especially with severe group and also agree with (El
debsy et al., 2021) in Egypt that documented the highly association among
ESR, CRP, RF and anti-CCP with worst radiological damage and high
DAS28 score.

Regarding to DAS28-ESR groups the study marker anti CarP Abs,
anti-14-3-3n Abs, and anti-DUSP11 Abs results showed statistically
significant difference at P. values (0.025, 0.032, and 0.003) respectively for
mild DAS28-ESR RA patients than other groups. These results agree with
(El Hawary et al., 2022) in Egypt they documented that anti-CarP Abs
were a marker of disease activity in RA patients, but disagree with
(Truchetet et al., 2017) in France that demonstrated the high level of anti-
CarP Abs may help to identify patients at risk of erosive progress of RA
and (Zhang et al., 2020) in China they documented that anti-CarP Abs were
a potential marker of disease activity and bone erosion in RA
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The result of anti-14-3-3n agrees with (El-Sherif et al., 2019) that
documented the use of this marker for preventing disease progression,
especially before RF and ACPA become positive and agree with
(Dammona et al., 2020) in Egypt, they concluded that anti-14-3-3n
associated with non-erosive damaging outcome in RA and disagrees with
(Raft et al., 2022) in Denmark they demonstrated that 14-3-3n Abs
associated with severity of disease, the anti-DUSP11 result agrees with
(Qian et al.,, 2022) in China they showed that anti-DUSP11 inverse
correlation with tender and swollen joints weakly with DAS28 and
disagrees with (De Stefano et al., 2021) in lItaly they said the anti-
DUSP11was high in the sever DAS28-ESR patients. These disparities in
the results may be due to differences in the dose and kind of medication
used, as well as population or personal variation, and pain alleviation,

which influenced the level of ESR thus affecting the disease activity score.

4.7. Comparison of study variables between seropositive and

seronegative RA patients According to DAS28-ESR

Regarding to the findings in the table (3-9) the results in the current
study were compared the mean£SE of the current study variables between
seropositive and seronegative RA patients on the bases of DAS28-ESR
therefore the results of RF and ACPA at P. value (0.0001) agree with
(SarginKose and Sentiirk, 2019) and (Liang et al., 2022). These results
indicate the routine tests ACPA and RF associated with severity of disease,
RA development, joint destruction and bone erosion in seropositive RA

patients.

The results of study markers (anti-CarP, anti-14-3-3n, and anti-
DUSP11) Abs is unique in this field with regard to the markers used in the
study that separated seropositive and seronegative RA patients according
DAS28-ESR. These results indicate the study markers can be aid in the
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diagnosis of RA patients especially seronegative RA to prevent disease

progression and bone erosion.

4.8. Comparison of study variables According to Treatment

Regularity

According to the results that were shown in the table (3-10) in the
current study reveals the comparisons between regular and irregular groups
with study variables; the results of the mean+SE age variable show non-
statistically significant difference at P.value (0.902) between regular and
irregular treatment intake while the meantSE of disease duration, ESR,
CRP, RF and ACPA statistically significant difference with irregular group
at P.value (0.001). This result agrees with (Ghaseminasab-Parizi, 2022) in
Iran they documented the regular specific treatment received RA patients

were significant low DAS28 and laboratory test.

The current study results about the current study markers anti-CarP,
anti-14-3-3n, and anti-DUSP11 have statistically significant difference with
the regular group at P.value (0.047), (0.044) and (0.001) respectively of
RA patients, these results agree with (Zeng et al., 2020) in China the study
documented the high level of anti-CarP, anti-14-3-3n with regular
treatment intake and can be used as prognostic markers for RA patients

follow up.

4.9. Comparison of study variables between seropositive and
seronegative RA patients According to Treatment
Regularity
According to the results that were shown in the table (3-11) in the

current study reveals the comparisons between seropositive and

seronegative RA patients according treatment regularity with study
variables, therefore the results of RF and ACPA at P. value less than (0.05)
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agree with (Ridha et al., 2022) and (Curtis et al., 2023). These results
indicate the routine tests RF and ACPA associated with disease severity
and bad prognostic markers for RA monitoring in seropositive RA patients.

The results of study markers (anti-CarP, anti-14-3-3n, and anti-
DUSP11) Abs is unique in this field with regard to the markers used in the
study that separated seropositive and seronegative RA patients according
treatment regularity. These results indicate the study markers associated
with disease monitoring and can be used as good prognostic markers for

RA patients especially for seronegative RA.

4.10. The ROC Curve among Study Parameters

The results that were shown in figure (3-2) and table (3-12) in the
current study show that statistically significant associated of the sensitivity
and specificity of the study markers anti CarP, anti-14-3-3n, and anti-
DUSP11with ESR, CRP, RF and ACPA. These results agree with (Othman
et al., 2017) in Holland that documented the sensitivity and specificity of
anti-CarP at P.value= 0.005, and agree with (Zhu et al., 2019) in China
they documented the sensitivity and specificity area under the ROC curve
(AUC) were 0.76 at P. value< 0.000, also agree with (Mohamed et al.,
2020) in Egypt they showed the ROC curves appeared that anti-CCP had
highest AUC than both anti-CarP and RF.

The anti-14-3-3n results agree with (Poornima, 2018) in India who
demonstrated the ROC curve about anti-14-3-3n significant sensitivity and
specificity at AUC 0.948 and P. value< 0.000.

The anti-DUSP11 results are agree with (Lu et al., 2021) in China
they demonstrated the ROC curve an indicator combining sensitivity and
specificity, which demonstrated the intrinsic effectiveness of diagnostic
tests, the AUC RA was 0.869, 0.875, and 0.899 for CRP, RF and ACPA

77



Chapter Four: Discussions

with anti-DUSP11 respectively, these results indicate the study markers

more sensitive and specific for RA diagnosis.
4.11. Correlation among Study Parameters in RA patients

The result of correlation among the current study variables in the table
(3-13) shows the highly correlation between ESR and CRP at correlation
coefficient 0.673 and among the ESR and CRP with RF are low to medium
correlation and with ACPA highly correlation. These results agree with the
following studies (Khojah et al., 2016) in Saudi Arabia they documented
the positive correlation of ESR and CRP with RF and anti-CCP, and agree
with (Hamadi, 2023) in lIrag that documented the positive correlation
among ESR, CRP, RF and ACPA, while disagreed with (HassanAbdullah
and Zakair, 2022) in Iraqg that said were no significant correlation between
DAS28 and CRP. This discrepancy may due to population and sample
variation and differences in sampling exclusion and inclusion criteria of

patient's selection.

The anti-CarP antibody has negative correlation with DAS-28 ESR
and DAS-28 CRP. These results agree with (Kumar et al., 2021) in Italy
that and (Wu et al., 2021) in Taiwan. These results indicate the anti-CarP

antibody has the potential to be an effective clinical response predictor.

The anti-14-3-3n antibody has negative correlation with ESR, CRP,
RF and ACPA. These results agree with (Dammona et al., 2020) in Egypt
about ESR, CRP the study documented the serum 14-3-3n protein was
negative correlated with ESR, CRP while this study disagrees with current
study result about RF and ACPA that showed the serum RF (P.= 0.048)
and ACPA (P.= 0.003). So, this discrepancy may be due to different in
sample size and include patients sample that take moderate and severe

DAS-28 cases only.
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The anti-DUSP11 antibody has negative statistically significant
correlation with DAS28-CRP, DAS28-ESR and disease duration. These
results agree with (Li et al., 2021) in China these results indicate the anti-
DUSP11 antibody has the potential to be an effective clinical response

predictor and early diagnostic marker for RA.

4.12. Correlation among Study Parameters in seropositive

and seronegative RA patients

The results of correlation among the current study variables for
seropositive RA patients in the table (3-14) show the age variable non-
statistically significant correlation with ESR, CRP, RF and ACPA at
(r=0.05-0.1 P.value=>0.05. So, these results agree  with
(TakanashiTakeuchi and Kaneko, 2023) in Japan, while the disease
duration have positive statistically significant correlation with ESR, CRP,
RF and ACPA at P.value less than (0.01) these results agree with
(Rivellese et al., 2020) in UK

DAS28-ESR and DAS28-CRP have positive statistically significant
correlation with RF and ACPA at P.value less than (0.01 and 0.05). These
results agree with (Seri et al., 2021) in Sudan.

RF has highly positive statistically significant correlation with ACPA
at P.value (0.000). These results agree with (Kolarz et al., 2021) in
Poland.

With regard to the results of the current study markers anti-CarP Abs,
anti 14-3-3n Abs, and anti-DUSP11 Abs for seropositive and seronegative
RA patients which are shown in the tables (3-14) and (3-15). This current
study is unique in this field with regard to the markers used in the study
that separated seropositive and seronegative RA patients according the
correlation among study parameters. The anti-14-3-3n has negative
significant correlation with DAS28-ESR, DAS28-CRP and ACPA at
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P.value (0.017), (0.016) and (0.001) respectively. These results indicate the
anti-14-3-3n can be used to diagnosis and prognosis of RA patients
especially seronegative RA to prevent disease progression, cartilage

destruction and bone erosion.
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5. Conclusions and Recommendations

5.1. Conclusions

The current study concludes the following:

1-  Anti-CarP, anti-14-3-3n, and anti-DUSP11 can be aid in the
diagnosis of RA patients (especially seronegative patients).

2- Use of anti-CarP, anti-14-3-3n, and anti-DUSP11 markers in
integrated with gold standard antibodies (RF and ACPA) in the
diagnosis of RA patients.

3-  The anti-CarP, anti-14-3-3n, and anti-DUSP11 markers show high
sensitivity and specificity at AUC 0.964, 0.923 and 0.827
respectively.

4-  Anti-CarP, anti-14-3-3n, and anti-DUSP11 associated with mild and

regular treated RA patients, so can be used as prognostic markers.
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5.2. Recommendations:

The current study is recommending the following:

Further studies with larger sample size to evaluate the serum level of
anti-CarP, anti 14-3-3n, and anti-DUSP11in RA patients.

Further studies are required to establish the potential relevance of anti-
CarP, anti-14-3-3n , and anti-DUSP11 markers in RA etiology to
clarify their utility in disease activity, treatment monitoring, and
understanding disease progression especially in seronegative RA
patients

Further identification of anti-CarP, anti-14-3-3n, and anti-DUSP11
markers associated with genetic variants in RA patients using
personalized medicine, which is critical for disease course prognosis

and treatment plan selection.
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7. Appendices
7.1. Systematic Ethical Approvals
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7.2. Current Study Questionnaire

Questionnaire For Rheumatoid Arthritis Patients
I’'m researcher from university of Karbala/ faculty of medicine / medical microbiology
department: I do research on RA patients do you accept to participate in this research.

Yes: El NO: E

Seropositive RA Patients

Name: Gander 9 or 5 :

Age in years :

ACR /EULAR Classification Typical RA Atypical RA

Disease Duration, years:

Family History:

Other Autoimmune Disorders: 1": 2

Smoking Status: Non Smoker | Smoker -Smoker
Biological Regular Irregular

Treatment MTX (non-Bio DMARD) Regular Irregular

Number of Swelling Joints (NSJ)
Number of Tender Joints (NTJ)
Pain Assessment ( 0 - 100 mm)
Patient Global Assessment (PGA)
Anti-CCP Antibody titer (ACPA)
Anti-Rheumatoid Factor titer (RF)
CRP titer mg/dl

ESR mm/h

DAS28-CRP

DAS28-ESR

Anti-CarP
Anti-14-3-3
Anti-DUSP11
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Questionnaire For Rheumatoid Arthritis Patients
I’'m researcher from university of Karbala/ faculty of medicine / medical microbiology
department: I do research on RA patients do you accept to participate in this research.

Yes: D NO: E

Seronegative RA Patients

Name: Gander Q or (:

Age in years :

ACR /EULAR Classification Typical RA Atypical RA

Disease Duration, years:

Family History:

Other Autoimmune Disorders: 1" .

Smoking Status: Non Smoker | Smoker -Smoker
Biological Regular Irregular

Treatment MTX (non-Bio DMARD) Regular Irregular

Extra articular manifestation (EAM)
Elbow Involvements

Number of Swelling Joints (NSJ)
Number of Tender Joints (NTJ)
Pain Assessment ( 0 - 100 mm)
Patient Global Assessment (PGA)
Anti-CCP Antibody titer (ACPA)
Anti-Rheumatoid Factor titer (RF)
CRP titer mg/di

ESR mm/h

DAS28-CRP

DAS28-ESR

Anti-CarP
Anti-14-3-3
Anti-DUSP11
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7.3. ESR Tube and ESR Reader for ESR Test

ESR Reader

7.4. Specific Protein Analyzer and Gel Tube for CRP Test

Specific Protein Analyzer
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7.5. Anti-DUSP-11 Kits
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7.6. Anti-14-3-3n Kits
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7.7. Anti-CarP Kits
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