
1 
 

Syrian Arab Republic 

Ministry of Higher Education and Scientific Research 

Al Sham Private University 

Faculty of Pharmacy 

 

 

 

 

Treatment of Immunological and Malignant Diseases with 

Stem Cells 

 

 

A Graduation project prepared for a bachelor's degree in 

pharmacy 

  

Prepared by   

Enas Mohammed Abd Albari 

Riham Mohammed Alawad 

Ghaidaa Nayef Mkarem 

                 

 

Supervised by  

Dr. Rajwa Joubaily  

 

 

2020 - 2021 

 

 



2 
 

Contents 

Index 

Abbreviations Table 

Figures Index 

Abstract 

Chapter 1: Stem Cells 

1.1 Definition 

1.2 History   

1.3 Source  

1.3.1 Adult stem cells 

1.3.2 Embryonic stem cells 

1.3.3 Mesenchymal Stem Cells 

1.3.4 Induced Pluripotent Stem Cells  

1.4 Types of Stem Cells 

1.5 Uses 

1.5.1 Stem cells use in therapy 

1.5.2 Stem cells use in medicine 

1.6 Donating or Harvesting Stem Cells 

1.7 Advantages of Stem Cells 

1.8 Disadvantages of Stem Cells 

1.9 Stem Cells Obstacles in the future 

Chapter 2: Rheumatoid Arthritis 

2.1 Definition 

2.2 History 

2.3 The histologic variation of synovitis in RA 



3 
 

2.4 Mechanism of disease 

2.4.1 RA Synovial fibroblasts  

enetic and environmental factorG .242. 

2.5 The Stages of RA 

2.6 Symptoms 

 2.6.1 Signs and symptoms of RA 

2.6.2 Extra-articular Manifestations in RA 

2.6.2.1 Skin manifestations 

2.6.2.2 Ocular manifestations 

2.6.2.3 Oral manifestations 

2.6.2.4 Gastrointestinal System 

2.6.2.5 Cardiac Disease 

2.6.2.6 Renal disease  

2.6.2.7 Neurological manifestations 

2.6.2.8 Hematologic manifestations  

2.7 Risk factors 

2.8 Diagnosis 

2.9 The aims of treatment  

2.10 Management of RA 

2.10.1 Occupational therapy in RA  

2.10.2 Non-steroidal Anti-flammatory drugs  

2.10.2.1 Side effects 

2.10.3 Corticosteroids  

2.10.3.1 Mechanism of action 

2.10.3.2 Side effects 



4 
 

2.10.4 Non-biologic disease-modifying anti-RA drugs 

(DMARDs) and biologic DMARDs 

2.10.5 Surgery 

2.10.5.1 The aims of surgery 

2.10.6 Treatment Strategies in Early RA and Prevention of RA 

2.10.7 Stem cell therapy 

2.10.7.1 Mechanism of active 

2.10.7.2 Features of cancer stem cells  

2.10.7.3 Benefits of treatment by stem cell 

2.10.7.4 Risks and side effects 

Chapter 3: Bone marrow cancer 

3.1 Definition 

3.2 History 

3.3 Types  

3.3.1 Multiple myeloma 

3.3.2 Leukemia 

3.3.3 Lymphoma 

3.4 Symptoms 

3.4.1 Symptoms of multiple myeloma  

3.4.2 Symptoms of leukemia 

3.4.3 symptoms of lymphoma   

3.5 Risk factors 

3.6 Diagnosis  

3.7 Treatment 

3.7.1 Surgery 

https://www.medicalnewstoday.com/articles/146136.php


5 
 

3.7.2 Radiation therapy 

3.7.3 Chemotherapy  

3.7.4 Immunotherapy 

3.7.5 Targeted therapy 

3.7.6 Hormone therapy 

3.7.7 Stem cell transplants 

3.7.7.1 Blood or marrow transplant 

3.7.7.2 History  

3.7.7.3 Types of transplants 

3.7.7.3.1 Autologous transplant 

3.7.7.3.2 Allogenic transplant 

3.7.7.3.3 Umbilical cord blood transplant 

3.7.7.3.4 Parent-child transplant and haplotype mismatched 

transplant 

3.7.7.4 Autologous transplant 

3.7.7.5 Allogenic transplant  

3.7.7.6 Reduced intensity allogeneic stem cell transplants 

3.7.7.7 Placental and Cord-Blood Transplants 

3.7.7.8 Potential Complications 

3.7.7.8.1 Acute graft-versus-host disease 

3.7.7.8.2 Chronic graft-versus-host disease 

3.7.7.8.2.1Special case 

3.7.7.8.2.2. Three Most Important Antigens 

3.7.7.8.2.2.1 Match 3 antigens 

https://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000045214&version=Patient&language=en


6 
 

3.7.7.9 Mechanism Blood Stem Cell Transplant Works 

 

 

Abbreviations Table 

 

Meaning Abbreviation 

he hematopoietic stem cellT HSC 

Mesenchymal stem cells MSCs 

Induced pluripotent stem cells iPS 

Embryonic stem cell ES cell 

Rheumatoid Arthritis RA 

Metacarpophalangeal MCP 

Metatarsophalangeal MTP 

Rheumatoid arthritis synovial fibroblasts RASFs 

atrix metalloproteinasesM MMPs 

Human leukocyte antigen HLA-DRB1 

Anti-citrullinated protein antibodies ACPA 

ommon amino acid motifC QKRAA 

eriodontitisP PD 

ytokeratin 13C CK-13 

ingival crevicular fluidG GCF 

Tenascin‐C cTNC5 

C-Vimentin cVIM 

 ‐enolase α   CEP-1 

 Fibrinogen β CFIBβ 

Major histocompatibility complex  MHC 

Protein tyrosine phosphatase PTPN22 

T Cell receptor  TCR 

B Cell receptor  BCR 

Gastrointestinal GI 

Chronic kidney diseases  CKD 

Perinuclear anti-neutrophil cytoplasmic 

antibodies 

P-ANCA 

Antinuclear Antibody ANA 



7 
 

C-Reactive Protein CRP 

Anticitrullinated protein antibody Anti-CCP 

Complement Blood count CBC 

Erythrocyte Sedimentation Rate ESR 

Rheumatoid Factor RF 

Disease-modifying anti-rheumatic drugs  DMARDs 

Nonsteroidal anti-inflammatory drugs NSAIDs 

yclooxygenaseC COX 

Occupational therapy OT 

Twice a day  B.I. D 

Three times a day  T.I. D 

Transforming growth factor β TGF- β 

Interleukin 10 IL-10 

T helper 1 TH1 

Acute lymphocytic leukemia  ALL 

Acute myeloid leukemia  AML 

Chronic lymphocytic leukemia CLL 

Chronic myeloid leukemia CML 

Chronic myelomonocytic leukemia CMML 

Blood or marrow transplant  BMT 

Autologous transplant ATUO 

Allogenic transplant ALLO 

Graft-versus-host disease  GVHD 

Haploidentical, or half-matched, 

transplant 

Haplo  

Hematopoietic cell transplant HCT 

Stem cell transplant SCT 

Graft-versus tumor  GVT 

onor lymphocyte infusionD DLI 

graft-versus-Host HVG 

host-versus-Graft GVH 

 

  



8 
 

Figures Index 

 

Page 

number 
Figure description 

Figure 

number 

12 
Stem Cells 

 

1 

14 Stem Cells 2 

15 Embryonic stem cells 3 

16 Mesenchymal Stem Cells (MSCs) 4 

17 Induced pluripotent stem cells (iPS) 5 

19 Types of Stem Cells 6 

23 Rheumatoid changes in the hand 7 

24 Rheumatoid arthritis 8 

25 Rheumatoid Joint Indicating Major Cell 

Types and Sites of Joint Destruction. 

9 

26 Juvenile rheumatoid arthritis 10 

27 The hallmark of rheumatoid arthritis 11 

28 RA Synovial Fibroblasts 12 

30 Genetic and environmental factor 13 

33 The Stages of RA. 14 

35 Extra-articular Manifestations in RA. 15 

36-37 Rheumatoid nodules. 16 

38 Ocular manifestations 17 

47 Rheumatologist treatment protocol 18 

49 RA management 19 

51 Mesenchymal stem cells 20 

54 Bone marrow cancer 21 

55 Multiple myeloma 22 

56 Leukemia 23 

56 Acute lymphocytic leukemia 24 

57 Acute myeloid leukemia 25 

57 Chronic lymphocytic leukemia 26 

57 Chronic myeloid leukemia 27 

58 Chronic myelomonocytic leukemia 28 

58 Non-Hodgkin Lymphoma 29 



9 
 

59 Hodgkin Lymphoma 30 

67 Autologous transplant 31 

68 Allogenic transplant 32 

71 Reduced intensity allogeneic stem cell 

transplants 

33 

 

 

  



10 
 

Abstract: 

The research project is done to review the studies carried on the 

possibility of using stem cells in treating immunological and cancer. 

Rheumatoid arthritis is defined as a chronic internal inflammatory 

disease. That can affect any joint of the body, bursal involvement is 

frequent and present in early stages of the disease. 

 Bone marrow cancer is defined as well as the abnormal and 

random division of cells at the acceleration bone marrow cells is 

called begins bone marrow cancer on leukemia not bone cancer 
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Chapter 1 

Stem Cells 

 

 

 

 

 

 

 

 

 

 

 

1.1 Definition: (1) Stem cells are special cells produced by bone 

marrow (a spongy tissue found in the center of some bones) that can turn 

into different types of blood cells. The 3 main types of blood cell they are 

: red blood cells – which carry oxygen around the body. White blood cells 

– which help fight infection and platlate. 

Stem cells are cells that have the potential to develop into many different 

or specialized cell types. Stem cells can be thought of as primitive 

unspecialized cells that are able to divide and become specialized cells of 
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the body such as liver cells, muscle cells, blood cells, and other cells with 

specific functions. Stem cells are referred to as undifferentiated cells 

because they have not yet committed to a developmental path that will 

form a specific tissue or organ. The process of changing into a specific 

cell type is known as differentiation. In some areas of the body, stem cells 

divide regularly to renew and repair the existing tissue. The bone marrow 

and gastrointestinal tract are examples of areas in which stem cells 

function to renew and repair tissue. 

 

Figure 1: Stem Cells  

 

1.2 History of Stem Cells: (2)(3) 

Even though it is hard to pinpoint exactly when or by whom what we now 

that the first call “stem cells” were first discovered, the consensus is 

scientists to rigorously define the key properties of a stem cell were 

Ernest McCulloch and James till. In their pioneering work in mice in the 

Martin Evans ). 1960s, they discovered the hematopoietic stem cell (HSC

and Matt Kauffman were the first to identify, isolate and successfully 

culture ES cells using mouse blastocysts in 1981. This discovery opened 

the doors to the creation of “murine genetic models,” which are mice that 
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have had one or several of their genes deleted or otherwise modified to 

study their function in disease.   

1.3 Sources of stem cells: (4)  

Stem cells originate from two main sources: adult body tissues and 

embryos. Scientists are also working on ways to develop stem cells from 

other cells, using genetic “reprogramming” techniques: 

1.3.1 Adult Stem cells:  

A person’s body contains stem cells throughout their life. The body can 

use these stem cells whenever it needs them. 

Also called tissue-specific or somatic stem cells, adult stem cells exist 

throughout the body from the time an embryo develops.  

The cells are in a non-specific state, but they are more specialized than 

embryonic stem cells. They remain in this state until the body needs them 

for a specific purpose, say, as skin or muscle cells.  

Day-to-day living means the body is constantly renewing its tissues. In 

, stem cells marrow bone some parts of the body, such as the gut and

regularly divide to produce new body tissues for maintenance and repair.  

Stem cells are present inside different types of tissue. 

Scientists have found stem cells in tissues, including:  

 the brain 

 bone marrow 

 blood and blood vessels 

 skeletal muscles 

 skin 

 the liver       

https://stemcells.nih.gov/info/basics/1.htm
https://www.medicalnewstoday.com/articles/285666.php
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Figure 2: Stem Cells 

  

However, stem cells can be difficult to find. They can stay non-dividing 

and non-specific for years until the body summons them to repair or grow 

new tissue.  

Adult stem cells can divide or self-renew indefinitely. This means they 

can generate various cell types from the originating organ or even 

regenerate the original organ, entirely.  

This division and regeneration are how a skin wound heals, or how an 

organ such as the liver, for example, can repair itself after damage.  

In the past, scientists believed adult stem cells could only differentiate 

based on their tissue of origin. However, some evidence now suggests 

that they can differentiate to become other cell types, as well. 

  

1.3.2 Embryonic stem cells:  

From the very earliest stage of pregnancy, after the sperm fertilizes the 

egg, an embryo form. 

Around 3–5 days after a sperm fertilizes an egg, the embryo takes the 

form of a blastocyst or ball of cells. 

The blastocyst contains stem cells and will later implant in the womb. 

Embryonic stem cells come from a blastocyst that is 4–5 days old. 

When a sperm fertilizes an egg, these cells combine to form a single cell 

called a zygote  

An outer cell mass that becomes part of the placenta 

An inner cell mass that will develop into the human body 



15 
 

The inner cell mass is where embryonic stem cells are found. Scientists 

call these totipotent cells. The term totipotent refer to the fact that they 

have total potential to develop into any cell in the body. 

With the right stimulation, the cells can become blood cells, skin cells, 

and all the other cell types that a body needs.  

In early pregnancy, the blastocyst stage continues for about 5 days before 

the embryo implants in the uterus. 

At this stage, stem cells begin to differentiate. 

Embryonic stem cells can differentiate into more cell types than adult 

stem cells. 

 

Figure 3: Embryonic stem cells 

1.3.3 Mesenchymal stem cells (MSCs) 

MSCs come from the connective tissue or stroma that surrounds the 

body’s organs and other tissues. 
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   Figure 4: Mesenchymal Stem Cells (MSCs)  

1.3.4 Induced pluripotent stem cells (iPS):  

Scientists first extract samples from adult tissue or an embryo. They then 

place these cells in a controlled culture where they will divide and 

reproduce but not specialize further.  

Stem cells that are dividing and reproducing in a controlled culture are 

called a stem-cell line.  

Researchers manage and share stem-cell lines for different purposes. 

They can stimulate the stem cells to specialize in a particular way. This 

process is known as directed differentiation.  

Until now, it has been easier to grow large numbers of embryonic stem 

cells than adult stem cells. However, scientists are making progress with 

both cell types. 
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                      Figure 5:  Induced pluripotent stem cells (iPS)  

 

 

1.4 Types of stem cells: (4)  

Researchers categorize stem cells, according to their potential to 

differentiate into other types of cells.  

Embryonic stem cells are the most potent, as their job is to become every 

type of cell in the body.  

The full classification includes: 

Totipotent: These stem cells can differentiate into all possible cell types. 

The first few cells that appear as the zygote starts to divide are totipotent.  

Pluripotent: These cells can turn into almost any cell. Cells from the 

early embryo are pluripotent.  

Multipotent: These cells can differentiate into a closely related family of 

cells. Adult hematopoietic stem cells, for example, can become red and 

white blood cells or platelets.  

Oligopotent: These can differentiate into a few different cell types. Adult 

lymphoid or myeloid stem cells can do this. 

http://www.closerlookatstemcells.org/learn-about-stem-cells/types-of-stem-cells
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Unipotent: These can only produce cells of one kind, which is their own 

type. However, they are still stem cells because they can renew themselves. 

Examples include adult muscle stem cells.  

Embryonic stem cells are considered pluripotent instead of totipotent 

because they cannot become part of the extra-embryonic membranes or the 

placenta.  
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Figure 6: Types of Stem Cells 
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1.5 Uses:  

1.5.1 Stem cells use in therapy: (4) 

1) Tissue regeneration 

2) Cardiovascular disease treatment 

3) Brain disease treatment 

4) Cell deficiency therapy 

5) Blood disease treatment 

1.5.2 Stem cells use in medicine: (5) 

1) Hematopoietic stem cell transplantation 

2) Stem cells as a target for pharmacological testing 

3) Stem cells as an alternative for arthroplasty 

4) Rejuvenation by cell programming 

5) Cell-based therapies 

6) Fertility diseases 

7) Therapy for incurable neurodegenerative diseases 

8) Stem cell use in dentistry 

1.6 Donating or harvesting stem cells: (1)  

Bone marrow: These cells are taken under a general anesthetic, usually 

from the hip or pelvic bone. Technicians then isolate the stem cells from 

the bone marrow for storage or donation.  

Peripheral stem cells: A person receives several injections that cause their 

bone marrow to release stem cells into the blood. Next, blood is removed 

from the body, a machine separates out the stem cells, and doctors return 

the blood to the body.  

Umbilical cord blood: Stem cells can be harvested from the umbilical cord 

after delivery, with no harm to the baby. Some people donate the cord 

blood, and others store it.  

1.7 Advantages of Stem Cells: (6) 

1. Adult stem cells have low rejection rates. 

2. Some stem cells can be transformed into pluripotent stem cells. 

3. The current treatment options for stem cells are numerous. 

4. This research gives us insights into how human life works. 

5. Because stem cells have regenerative properties, the potential is 

unlimited. 
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6. Embryonic treatments can be developed through stem cell research. 

7. Stem cell research could reduce pregnancy loss. 

8. Stem cells can self-replicate in enormous numbers. 

1.8 Disadvantages of Stem Cells: (6) 

1. Embryonic stem cells can have high rejection rates. 

2. Adult stem cells have a determined cell type. 

3. Obtaining any form of stem cell is a difficult process. 

4. Stem cell treatments are an unproven commodity. 

5. Stem cell research is a costly process. 

6. We do not know if there are long-term side effects to worry about. 

7. There will always be some limitation to the research possibilities. 

8. Research has been held back by factual contradictions. 

9. Research opportunities are somewhat limited. 

10. Adults have very few stem cells. 

11. Current embryonic stem cell harvesting requires the death of an 

embryo. 

1.9 Stem cells obstacles in the future: (5) 

Currently, there are several challenges concerning stem cells. First, the 

most important one is about fully understanding the mechanism by which 

stem cells function first in animal models. This step cannot be avoided. 

For the widespread, global acceptance of the procedure, fear of the 

unknown is the greatest challenge to overcome. 

The efficiency of stem cell-directed differentiation must be improved to 

make stem cells more reliable and trustworthy for a regular patient. The 

scale of the procedure is another challenge. Future stem cell therapies 

may be a significant obstacle. Transplanting new, fully functional organs 

made by stem cell therapy would require the creation of millions of 

working and biologically accurate cooperating cells. Bringing such 

complicated procedures into general, widespread regenerative medicine 

will require interdisciplinary and international collaboration. 

Although these challenges facing stem cell science can be overwhelming, 

the field is making great advances each day. Stem cell therapy is already 

available for treating several diseases and conditions. 
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Chapter 2 

Rheumatoid arthritis 
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2.1 Definition: 

 Rheumatoid arthritis, or RA, is an autoimmune and inflammatory 

disease, which means that your immune system attacks healthy, cells in 

your body by mistake, causing inflammation (painful swelling) in the 

affected parts of the body. RA mainly attacks the joints, usually many 

joints at once. 

 

 (7) (8) (9) (10) (11) (12) (13) (14) (15) 

 
Figure 7: Rheumatoid changes in the hand 

 

Rheumatoid arthritis (RA) is the most common form of inflammatory 

arthritis, a chronic inflammatory autoimmune disease.  

Is a common human autoimmune disease with a prevalence of about1% 

Like many autoimmune diseases it is more frequent in women suggesting 

a role for sex hormones.  

Patients experience pain, stiffness, swelling of the joint lining and 

eventually joint damage, leading to deformity and pain, with loss of 

function of the affected joints.  

Symptoms are often most significant in the body’s smallest joints, such as 

the metacarpophalangeal (MCP) joints where the fingers meet the hands, 

and the metatarsophalangeal (MTP) joints where the toes meet the feet. 

Although larger joints (such as the shoulders, hips, and knees) may 

become involved later in the disease.  

RA usually affecting several joints at the same time and affects the lining 

of the joints, causing a painful swelling that can eventually result in bone 

erosion and joint deformity. 

In addition, RA may affect various parts and can also cause inflammation 

of other tissues and organs, including the eyes, lungs, skin, heart and 

blood vessels and there may be rashes or fevers.  
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RA is theorized to develop when a genetically susceptible individual 

experiences an external trigger (e.g., cigarette smoking, infection, or 

trauma) that triggers an autoimmune reaction.  

Influenced by both genetic and environmental factor and can cause 

cartilage and bone damage as well as disability. 

 

 

Figure 8: Rheumatoid arthritis 

 

 

 (16) (17) Rheumatoid arthritis: History of 2.2 

More than 2300 years ago the father of modern medicine, Hippocrates 

was quoted saying “It is incredible how fast the mischief spreads.” In 

saying this Hippocrates was referring to a condition arthritic in nature, 

with an onset occurring in the mid-30s, affecting first the hands and feet 

followed by the elbows and knees. It is believed by many that the disease 

to which he was referring was Rheumatoid Arthritis (RA). 

Egyptian, Macedonian and Greek remains accessed in the 19th and 20th 

century by Egyptologists were reported to have serious articular lesions 

with eburnation of bone, this being suggestive of RA. 

Polyarticular erosive arthritis consistent with RA has also been identified 

in Native American remains dating from as far back as 4500 BC. 
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Reference to arthritis is found in texts at least as far as 4500 BC. A text 

dated 123 AD first describes symptoms that appear similar to rheumatoid 

arthritis. 

 

 

2.3 the histologic variation of synovitis in RA: (8) (15) (18) 
RA is characterized by persistent synovitis, systemic inflammation, and 

autoantibodies (particularly to rheumatoid factor and citrullinated 

peptide).  

In addition, is characterized by a chronic inflammation of the synovial 

joints and infiltration by blood-derived cells, chiefly memory T cells, 

macrophages, and plasma cells, all of which show signs of activation. 

This leads in most cases to progressive destruction of cartilage and bone, 

which occurs after invasion of these tissues by the cellular synovial tissue 

and is believed to be mainly mediated by cytokine induction of and is 

believed to be mainly mediated by cytokine induction of destructive 

enzymes, chiefly matrix metalloproteinases. 

 

 

 

Figure 9: Rheumatoid Joint Indicating Major Cell Types and Sites of 

Joint Destruction. 
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One hundred forty-five synovial biopsy specimens were obtained from 30 

procedures performed on the knee joints of 29 patients with rheumatoid 

arthritis. All patients had clinically active rheumatoid arthritis and none 

had received slow-acting disease-modifying drugs or intraarticular 

corticosteroids. 

In the majority of knee joint biopsies, there was considerable clustering of 

scores for all histologic features. 

82% of the scores for synoviocyte hyperplasia were within 1 point of the 

median score for a given joint.  

Between 69% and 85% of the scores for the remaining features (fibrosis, 

vessel proliferation, perivascular infiltrates, focal aggregates, and diffuse 

infiltrates of lymphocytes) were within 1 point of the median values. 

Of the scores for synoviocyte hyperplasia, 91% were within 1 point of the 

median values for a given joint, and of the scores for the remaining 5 

features, 72–94% fell within 1 point of the median values. 

 

 

Figure 10: Juvenile rheumatoid arthritis. Widespread osteopenia, carpal 

crowding (due to cartilage loss), and several erosions affecting the carpal 

bones and metacarpal heads in particular in a child with advanced 

juvenile rheumatoid arthritis (also known as juvenile idiopathic arthritis). 

(7) 
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Immunohistological features in the synovium obtained from clinically 

uninvolved knee joints of patients with rheumatoid arthritis: (19) 

In a study of 16 patients with untreated active rheumatoid arthritis and 

compared to tissue from control subjects, the immunohistological features 

in synovial membrane obtained from apparently uninvolved knee joints 

Considerable degree of histological change was observed in the 

apparently uninvolved knee joints of patients with active rheumatoid 

arthritis. The presence of subclinical synovitis challenges current 

concepts of disease activity and clinical remission. Further study is 

required to determine whether the features described may be associated 

with progressive joint erosion. 

 

 

                       Figure 11: The hallmark of rheumatoid arthritis is a 

perivascular mononuclear cell infiltrate in the synovium (pictured here). 

The early stages are noted to have plasma cells as well, and syphilis needs 

to be part of the differential diagnosis. (7) 

 

2.4 Mechanism of diseases: (20)  

Its pathogenesis is related to aberrant immune responses against the 

synovium. Dysfunction of innate and adaptive immunity, including 

dysregulated cytokine networks and immune complex-mediated 

complement activation, are involved in the progression of RA.  

 

The pathogenesis of RA: 

2.4.1 RA Synovial fibroblasts (RASFs): (21) 
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The synovial lining layer of joints is two to three cells thick and consists 

of SFs and synovial macrophages. In RA, the lining layer undergoes 

dramatic hyperplasia and increases to a density of 10 to 15 cells thick.  

The articular borders, the lining layer forms a pannus that invades the 

adjacent articular cartilage and subchondral bone. The sublining layer has 

fewer SFs and synovial macrophages in a loose tissue matrix. The 

sublining layer also undergoes dramatic hyperplasia and is infiltrated with 

immune cells.  

RASFs show an increased capacity to migrate and produce matrix-

degrading enzymes, such as matrix metalloproteinases (MMPs) and 

catharsis, which contribute to cartilage destruction. Their increased 

proliferation and resistance to apoptosis are controversial. 

 

Figure 12:  RA Synovial Fibroblasts. 

2.4.2 Genetic and environmental factor: (11) (22) (23)  

Twin studies implicate genetic factors in rheumatoid arthritis, with 

concordance rates of 15 to 30% among monozygotic twins and 5% 
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among dizygotic twins. Genomewide analyses make it clear that immune 

regulatory factors underlie the disease. 

The long-established association with the human leukocyte antigen 

(HLA)–DRB1 locus has been confirmed in patients who are positive for 

rheumatoid factor or ACPA; alleles that contain a common amino acid 

motif (QKRAA) in the HLA-DRB1 region, termed the shared epitope, 

confer particular susceptibility.  

Infectious agents (e.g., Epstein–Barr virus, cytomegalovirus, proteus 

species, and Escherichia coli) and their products (e.g., heat-shock 

proteins) have long been linked with rheumatoid arthritis. 

In addition to the long‐established link with smoking, periodontitis (PD) 

is a risk factor for rheumatoid arthritis (RA). This study was undertaken 

to elucidate the mechanism by which PD could induce antibodies to 

citrullinated peptides (ACPAs), by examining the antibody response to a 

novel citrullinated peptide of cytokeratin 13 (CK‐13) identified in 

gingival crevicular fluid (GCF), and comparing the response to 4 other 

citrullinated peptides in patients with RA who were well‐characterized 

for PD and smoking.  

The citrullinomes of GCF and periodontal tissue from patients with PD 

were mapped by mass spectrometry. ACPAs of CK13 (cCK13), 

Tenascin‐C (cTNC5), vimentin (cVIM), α‐enolase (CEP‐1), and 

fibrinogen β (cFIBβ) were examined by enzyme‐linked immunosorbent 

assay in patients with RA (n = 287) and patients with osteoarthritis (n = 

330), and cross‐reactivity was assessed by inhibition assays. 

A novel citrullinated peptide cCK13‐1 (444TSNASGR‐Cit‐TSDV‐Cit‐
RP458) identified in GCF exhibited elevated antibody responses in RA 

patients (24%). Anti–cCK13‐1 antibody levels correlated with anti–

cTNC5 antibody levels, and absorption experiments confirmed this was 

not due to cross‐reactivity. Only anti–cCK13‐1 and anti‐cTNC5 were 

associated with antibodies to the periodontal pathogen Prevotella 

intermedia (P = 0.05 and P = 0.001, respectively), but not with antibodies 

to Porphyromonas gingivalis arginine gingipains. Levels of antibodies to 

CEP‐1, cFIBβ, and cVIM correlated with each other, and with smoking 

and shared epitope risk factors in RA.  

This study identifies 2 groups of ACPA fine specificities associated with 

different RA risk factors. One is predominantly linked to smoking and 
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shared epitope, and the other links anti–cTNC5 and cCK13‐1 to infection 

with the periodontal pathogen P intermedia. 

Figure 13: genetic and environmental factor 

 

Variations in dozens of genes have been studied as risk factors for 

rheumatoid arthritis. Most of these genes are known or suspected to be 

involved in immune system function. The most significant genetic risk 

factors for rheumatoid arthritis are variations in human leukocyte antigen 

(HLA) genes, especially the HLA-DRB1 gene. The proteins produced 

from HLA genes help the immune system distinguish the body's own 
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proteins from proteins made by foreign invaders (such as viruses and 

bacteria). Changes in other genes appear to have a smaller impact on a 

person's overall risk of developing the condition. 

2.4.3 Genetics of rheumatoid arthritis: (24) 

As a genetic factor has a clear causal relationship to RA, it is important to 

understand the pathologic process from a genomic standpoint.  

Recent studies of complex trait diseases have indicated that many disease 

susceptibility variants regulate the expression levels of a number of genes 

that function in a cell-specific manner. Furthermore, the epigenome is 

thought to play an important role in this phenomenon. 

The MHC region at chromosome 6 confers a distinctive and strong 

genetic risk when compared with other RA risk loci, explaining 30%–

50% of total genetic risk of RA. 

Missense variants, which alter the amino acid sequence of a coding gene, 

are common functional variants that can be pathogenic. The most 

important and well-characterised missense risk variant in RA may be 

PTPN22 R620W (1858C→T) although this risk variant is extremely rare 

in east Asian populations 

PTPN22 encodes a protein tyrosine phosphatase that is expressed in 

haematopoietic cells and acts as a negative regulator of antigen receptor 

signalling in T and B cells. 

The risk allele 620W is a gain-of-function variant, as both TCR and BCR 

signalling are reduced in cells of risk allele carriers. This attenuation in 

antigen receptor signalling affects the clonal selection of lymphocytes 

and the appearance of autoreactive cells.   

2.4.4 Non-genetic immune disorders: (25)  

MicroRNAs in rheumatoid arthritis:  

Over the last decade, many epigenetic mechanisms that contribute in the 

pathogenesis of autoimmune disorders have been revealed. MicroRNAs 

(miRNAs) are small, non-coding, RNA molecules that bind to messenger 

RNAs and disrupt the transcription of target genes. Rheumatoid arthritis 

(RA) is a chronic systemic autoimmune disease in which a plethora of 

epigenetic changes take place. Current research on RA epigenetics has 

focused mainly on miRNAs. Genetic variance of some miRNA genes, 

especially miR-499, might predispose an individual to RA development. 
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Additionally, altered expression of many miRNAs has been discovered in 

several cells, tissues and body fluids in patients with RA.     

2.5 The Stages of RA: (26) 

As RA progresses, the body changes. Some changes you can see and feel, 

while others you cannot. Each stage of RA comes with different treatment 

goals. 

RA generally progresses in four distinct stages:  

Stage 1 
Stage 1 is early-stage RA. Many people feel joint pain, stiffness, or 

swelling. During stage 1, there’s inflammation inside the joint. The tissue 

in the joint swells up. There’s no damage to the bones, but the joint 

lining, called the synovium, is inflamed. 

Stage 2 
Stage 2 is moderate-stage RA. In this stage, the synovium’s inflammation 

causes damage to the joint cartilage. Cartilage is tissue that covers the end 

of bones at the site of joints. 

When cartilage is damaged, people may experience pain and loss of 

mobility. Range of motion in the joints may become limited. 

Stage 3 
Once RA has progressed to stage 3, it’s considered severe. At this point, 

damage extends not only to the cartilage but also to the bones themselves. 

Since the cushion between bones is worn away, they’ll rub together. 

There may be more pain and swelling. Some people may experience 

muscle weakness and more mobility loss. The bone can be damaged 

(erosion), and some deformity may occur. 

Stage 4 
At stage 4, there’s no longer inflammation in the joint. This is end-stage 

RA, when joints no longer work. 

In end-stage RA, people may still experience pain, swelling, stiffness, and 

mobility loss. There may be reduced muscle strength. The joints may 

become destroyed, and the bones become fused together (ankylosis). 

Progression through all four stages can take many years, and some people 

don’t progress through all stages within their lifetime. 
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Some people have periods of no RA activity. In some cases, this may 

mean that RA has gone into remission. 

Figure 14: The Stages of RA. 

 

2.6 Symptoms 

These symptoms and signs occur during periods known as flares or 

exacerbations. Other times are known as periods of remission — this is 

when symptoms disappear completely. 

2.6.1 Signs and symptoms of RA: (12) (22) (27) 

 Joint pain  

 Joint swelling 

 Loss of joint function and deformities  

 Joint stiffness that is usually worse in the mornings and after 

inactivity.  

 Tender, warm.  

 Fatigue, fever and loss of appetite.  
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Symptoms can vary from mild to severe. It’s important not to ignore 

symptoms, even if they come and go. Knowing the early signs of RA will 

help healthcare provider better treat and manage it. 

Rheumatoid arthritis is characterized by synovial inflammation and 

hyperplasia (swelling), autoantibody production (rheumatoid factor and 

anti–citrullinated protein antibody [ACPA], cartilage and bone 

destruction (deformity), and systemic features, including cardiovascular, 

pulmonary, psychological, and skeletal disorders  

 

2.6.2 Extra-articular Manifestations in RA: (28) (29) 

 

Rheumatoid arthritis is a systemic inflammatory disease that can involve 

other tissues and organs as well as synovial joints.  

Although RA is more common in females, extra-articular manifestations 

of the disease are more common in males.  

Extra-articular manifestation in RA are present in 10-20% of patients. 

occur in about 40% of patients, either in the beginning or during the 

course of their disease.  

The manifestations are all the conditions and symptoms which are not 

directly related to the locomotor system.  

Recent epidemiologic studies of extra-articular RA manifestations have 

emphasized their major role as predictors of premature mortality in 

patients with RA.  

Patients with RA, who have high titers of rheumatoid factor (i.e., 

autoantibodies to the Fc component of immunoglobulin G are most likely 

to have extra-articular manifestations of their disease. 
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Figure 15: Extra-articular Manifestations in RA. 

2.6.2.1 Skin manifestations: (28) (30) 

Rheumatoid nodules are the most frequent skin manifestations 

(20%) in RA. 

Histologically focal central fibrinoid necrosis with surrounding 

fibroblasts is observed, it is believed to occur as a result of small vessel 

vasculitis.  

May exhibit a variety of extra-articular manifestations: 
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 Rheumatoid nodules: Subcutaneous nodules commonly occur on 

extensor surfaces subject to external pressure, for example, the 

upper forearm and elbow.  

 Accelerated rheumatoid nodulosis. 

 Rheumatoid nodulosis. 

 Felty syndrome. 

 Rheumatoid vasculitis. 

 Pyoderma gangrenosum:  is a rare disease characterized by chronic, 

recurrent ulceration of non-infective origin and usually associated 

with rheumatoid arthritis.  

 Rheumatoid neutrophilic dermatosis.  

 Interstitial granulomatous dermatitis. 
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                                    Figure 16: Rheumatoid nodules 

 

2.6.2.2 Ocular manifestations: (29) 

Ocular manifestations involved with RA are: 

 Keratoconjunctivitis sicca: The most common manifestation of 

ocular involvement. 

 Episcleritis: is an inflammatory condition affecting the episcleral 

tissue that lies between the conjunctiva and the sclera. 

 Scleritis: is characterized by edema and cellular infiltration of the 

scleral and episcleral tissues.  

 Corneal changes: such as sclerosing keratitis, peripheral corneal 

thinning, acute stromal keratitis and acute corneal melting.  
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 Retinal vasculitus: is usually present on periphery of retina and 

involves veins and arteries peripheral branches. 

 

Figure 17: Ocular manifestations: keratoconjunctivitis sicca ,

Episcleritis and Scleritis at Rheumatoid arthritis.  

2.6.2.3 Oral manifestations: (28) (31)  

Arthritis can affect the joint in your jaw (temporomandibular joint or 

TMJ) that opens and closes the mouth.  

Oral manifestations include: 

 Oral dryness. 

 Salivary gland swelling.  

 Sjogren's syndrome. 

2.6.2.4 Gastrointestinal system  : (32)  

Gastrointestinal (GI) disease in RA can take on many forms, although 

iatrogenesis is its most common cause. 

Gastrointestinal manifestations of RA include: 

 Dysphagia 

 Hepatotoxicity 

 Bleeding,  

 Infarction 

 Perforati 



39 
 

2.6.2.5 Cardiac Disease: (33) 

Cardiovascular manifestations of RA include:  

 Predilection for accelerated atherosclerosis  

 Endothelial dysfunction resulting in coronary artery disease 

(CAD) 

 Stroke 

 Congestive heart failure 

 Peripheral arterial disease.  

 

2.6.2.6 Renal Disease: (34) (35) 

RA patients had higher risk of developing CKD and glomerulonephritis. 

Their increased risk of CKD may be attributed to glomerulonephritis, 

chronic inflammation, comorbidities, and renal toxicity of antirheumatic 

drugs. 

Histoimmunological studies on bioptical specimens of patients with RA 

and kidney damage, led to clarify prevalent pathologies. In order of 

frequency: glomerulonephritis and amyloidosis (60-65% and 20-30% 

respectively), followed by acute or chronic interstitial nephritis.  

In RA nephropathies, mesangial glomerulonephritis is the most frequent 

histological lesion (35-60 % out of biopsies from patients with urinary 

abnormalities and/or kidney impairment), followed by minimal change 

glomerulopathy (3-14%) and p-ANCA positive necrotizing crescentic 

glomerulonephritis.  

 

2.6.2.7 Neurological manifestations: (36) 

Neurologic manifestations of (RA) Range in severity from mild 

paresthesias in the hand from carpal tunnel syndrome to sudden death due 

to impingement of the medulla by an eroded, vertically subluxed dens.  

Most neurologic complications are a consequence of articular 

inflammation and damage that leads to compression of adjacent structures 

of the central or peripheral nervous systems. 

Rare but serious extra-articular manifestations include inflammation of 

the meninges and ischemic neuropathies due to necrotizing arteritis of the 

vasa vasorum.  
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2.6.2.8 Hematologic manifestations: (37) 

The hematological manifestations can be conveniently categorized into 

the broad areas of  

 Anemia particularly NSAID (induced iron deficiency anemia and 

the anemia of chronic disease)  

 Neutropenia particularly Felty's syndrome and the large granular 

lymphocyte syndrome 

 Thrombocytopenia  

 Thrombocytosis 

 Eosinophilia 

 Hematological malignancies.  

 

2.7 Risk factors: (12) 
 

Factors that may increase your risk of rheumatoid arthritis include: 

 Sex. Women are more likely than men to develop rheumatoid 

arthritis. 

 Age. Rheumatoid arthritis can occur at any age, but it most 

commonly begins in middle age. 

 Family history. If a member of the family has rheumatoid 

arthritis, may have an increased risk of the disease. 

 Smoking. Cigarette smoking increases risk of developing 

rheumatoid arthritis, particularly if have a genetic 

predisposition for developing the disease. Smoking also 

appears to be associated with greater disease severity. 

 Excess weight. People who are overweight appear to be at a 

somewhat higher risk of developing rheumatoid arthritis. 

  

2.8 Diagnosis and Tests: (38) 

 Antinuclear Antibody (ANA) Test 

 C-Reactive Protein (CRP) Test 
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 Anticitrullinated protein antibody (anti-CCP) test 

 Complement Blood count (CBC) Test 

 Erythrocyte Sedimentation Rate (ESR) 

 Rheumatoid Factor (RF) Test 

 Synovial Fluid Analysis 

 

 

 

2.9 Rheumatoid arthritis treatment aims: (39) 

The combination of drug treatment and rehabilitation treatment aims to 

the: 

1. Enhance the possibilities of intervention. 

2. Delay the appearance of new symptoms.  

3. Reduce disabilities, minimize sequelae and reduce the 

impact of symptoms on the patient's functionality. 

2.10 management of rheumatoid arthritis: (26) (40) (41)  

Guidelines for the management of RA and monitoring of drug therapy were 

first developed in 1996.  

Treatment begins with educating the patient about the disease and the risks 

of joint damage and loss of function, as well as reviewing the risks and 

benefits of existing treatment modalities. Patients will benefit from 

consultation with physical therapists, occupational therapists, social 

workers, and/or patient educators.  

At present, drug treatments, including corticosteroids, antirheumatic drugs, 

and biological agents, are used in order to modulate the altered immune 

responses.  

The current therapies for RA can be classified into four categories: non-

steroidal anti-inflammatory drugs (NSAIDs), corticosteroids, non-biologic 

disease-modifying anti-rheumatic drugs (DMARDs) and biologic 

DMARDs.  

Surgery may be an option in later stages of RA.  

2.10.1 Occupational therapy in rheumatoid arthritis: (39) 

Occupational therapy (OT) is a profession in the health area that aims to: 
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1. Improve the performance of activities by the patient. 

2. Provides means for the prevention of functional limitations. 

3. Adaptation to changes in daily life and maintenance or 

improvement of their emotional state and social participation. 

 

2.10.2 Non-steroidal Anti-flammatory drugs (NSAIDs): (42) 

 

They do not slow down the disease, but they help manage the chronic 

pain, inflammation, and swelling that are characteristic of RA.   

They block the body’s “Cox” enzymes. This cuts down on inflammation 

and reduces pain and stiffness. 

 

Drug Daily starting dosing  Maximum daily dose 

Aspirin 650 mg every 4 hours 6000 mg 

Diclofenac 75 mg b.i.d 200 mg 

Ibuprofen  400mg t.i.d 3200 mg 

Naproxen 500mg b.i.d. d 1250 mg 

Nabumetelone  500mg b.i.d 2000 mg 

Sulindac 150mg b.i.d 400 mg  

Tolmetin 400mg t.i.d 1800 mg 

Diflunisal 500 mg b.i.d 1500 mg  

Fenoprofen 600 mg 3 - 4 times a day  3200 mg 

Flurbiprofen 100 mg 4 - 6 hours  300 mg 

Etodolac 400 mg every 4- 6 hours  1000 mg 

Indomethacin 25 mg b.i.d or t.i.d 200 mg  

Ketorolac 30 mg every 6 hours  120 mg 

Meloxicam 7.5 mg once daily  15 mg  

Oxaprozin 600 mg every day  1200 mg  

Piroxicam 20 mg once a day  40 mg 

Salsalate 500 mg t.i.d 3000 mg 

Cyclooxyginase2 

inhibitor   

100 mg b.i.d 400 mg 

 

NSAIDs inhibit cyclooxygenase (COX), the enzyme responsible for 

conversion of arachidonic acid to prostaglandins 

2.10.2.1 Side effects include: (42) 
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 Stomach problems, including pain, constipation, diarrhea, gas, 

nausea, and stomach ulcers 

 Kidney problems 

 Anemia 

 Dizziness 

 Swelling in the legs 

 Abnormal liver tests (blood tests) 

 Headaches 

 Easy bruising 

 Ringing in the ears 

 Rash 

 May also raise blood pressure 

2.10.3 Corticosteroids: (43) 

Corticosteroids are potent anti-inflammatory drugs that are commonly 

used in patients with RA to bridge the time until treatment with 

DMARDs is effective. 

Corticosteroids are predominantly used for symptomatic relief of acute 

pain and inflammation associated with rheumatoid arthritis. Their anti-

inflammatory effects are more potent than (NSAIDs).  

 

2.10.3.1 Mechanism of Action: (44) 

Corticosteroids modulate gene expression by binding to glucocorticoid 

receptors. Specifically, they promote the up-regulation of anti-

inflammatory genes and down-regulation of pro-inflammatory genes. 

This inhibits the inflammatory effects of circulating monocytes and 

eosinophils, thus contributing to relief of acute symptoms.  

2.10.3.2 Side effects of corticosteroids: (43) 

 Immunosuppression 

 Steroid-induced diabetes  

 And osteoporosis 

 Muscle weakness 

 Thin skin 

  Easy bruising 

  Hypertension 

  Edema 
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 Hypokalemia 

2.10.4 Non-biologic disease-modifying anti-rheumatic drugs 

(DMARDs) and biologic DMARDs. (40)   

The majority of patients with newly diagnosed RA should be started on 

disease-modifying antirheumatic drug (DMARD) therapy within 3 

months of diagnosis. 

The DMARDs commonly used in RA are shown in Table: 

Drugs Time to Effect  Starting Dosing  Adverse Effects  

Hydroxychloroquine 2–6 months 200 mg PO b.i.d Vision changes, 

funduscopic and 

visual fields every 

12 months  

Sulfasalazine 1–3 months 1,000 mg 2–3 times a 

day   

  

Myelosuppression, 

photosensitivity, 

rash 

Methotrexat 1–2 months Oral 7.5–20 

mg/week; injectable 

7.5–20 mg/week 

Myelosuppression, 

shortness of breath, 

nausea/vomiting, 

lymph node 

swelling. 

Potentially 

teratogenic. 

Leflunomide 4–12 weeks (skewed 

earlier) 

20 mg/day in a single 

dose, if tolerated; 

otherwise, 10 mg/day 

Diarrhea, alopecia, 

intercurrent liver, 

gallbladder, and 

renal disease, 

pregnancy or 

delayed menses. 

Known teratogen. 

Etanercept A few days to 12 weeks 25 mg 

subcutaneously twice 

a week 

Acute or chronic 

infections 

Infliximab plus oral 

and subcutaneous 

methotrexate 

A few days to 4 months 3–10 mg IV every 8 

weeks or 3–5 mg IV 

every 4 weeks 

Acute or chronic 

infections 

Azathioprine 2–3 month 50–150 mg/da Myelosuppression 

D-penicillamin 3–6 month 250–750 mg/day Myelosuppression, 

edema, rash 
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Gold, oral 4–6 months 3 mg b.i.d Myelosuppression, 

edema, rash, 

diarrhea 

Gold, intramuscula 3–6 months 25–50 mg 

intramuscularly every 

2–4 weeks 

Myelosuppression, 

edema, rash, oral 

ulcers, diarrhea 

Minocycline 1–3 months 100 mg b.i.d Hyperpigmentation, 

dizziness, vaginal 

yeast infections 

 

 

Cyclosporine 

 

 

2–4 month 

 

 

2.5–4 mg/kg/day 

 

Hypertrichosis, 

paresthesia, nausea, 

gingival 

hyperplasia, edema, 

BP every 2 weeks 

until dosage stable, 

then monthly 

thereafter 

Staphylococcal 

protein A 

immunoadsorption 

3 months Weekly for 12 weeks Joint pain, fatigue, 

light-headedness, 

infection at catheter 

site, BP 

 

Side effect: (41)  

Chronic use of these drugs may cause adverse effects to a significant 

number of RA patients. Additionally, some RA patients are resistant to 

these therapies.  

 

2.10.5 Surgery (45) 

Most people with RA never have surgery but—like people with 

osteoarthritis—people with rheumatoid arthritis may elect to have surgery 

to reduce joint pain and improve everyday function.  

The most common surgeries are  

1. Joint replacement 

2. Arthrodesis and  

3. Synovectomy.  
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2.10.5.1 The aims of surgery may be to: 

 Improve day-to-day functioning 

 Reduce pain 

 Repair damage caused by RA 

Surgery may: 

 Remove the synovium or nodules 

 Repair tendons 

 Fuse joints together 

 Replace a joint entirely 
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Figure 18: Rheumatologist treatment protocol (46) 
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2.10.6 Treatment Strategies in Early Rheumatoid Arthritis 

and Prevention of Rheumatoid Arthritis: (47) (48) (49) 

Data now suggest that current strategies in the treatment of rheumatoid 

arthritis (RA) should focus on early identification and diagnosis, followed 

by early initiation of DMARD therapy.  

Initiation of treatment in early RA ideally, less than 3–6 months after 

symptom onset—improves the success of achieving disease remission 

and reduces joint damage and disability.  

Early diagnosis and treatment of RA can avert or substantially slow 

progression of joint damage in up to 90% of patients, thereby preventing 

irreversible disability.  

Methotrexate is first-line therapy and should be prescribed at an optimal 

dose of 25 mg weekly and in combination with glucocorticoids.  

In the past 1–2 decades, treatment paradigms in rheumatoid arthritis (RA) 

have shifted dramatically from initial treatment with nonsteroidal anti-

inflammatory drugs (NSAIDs), followed by cautiously progressive 

addition of disease-modifying antirheumatic drugs (DMARDs), to the 

current treatment approach of aggressive initiation of DMARD therapy 

soon after the diagnosis of RA has been made.  

This change in RA management results from increasing data supporting 

improved prognosis and outcomes with the initiation of DMARD therapy 

early in the course of symptomatic disease.  

The most important side-effects are haematopoietic and hepatotoxic. It is 

well established that long-term methotrexate can induce liver damage 

which, in a number of patients, may lead to fibrosis or cirrhosis.  

Interaction can occur with a number of drugs; serious problems in 

particular may arise with concomitant use of sulphonamides and 

salicylates.  
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Figure 19: RA management 

 

2.10.7 Stem cell therapy: (41) (50) (51) (52) 

Stem cell therapy is still a relatively new area of research. However, early 

trials suggest that such therapies may be effective against a range of 

autoimmune conditions, including RA.  

In recent years, mesenchymal stem/stromal cell (MSCs)-based therapies 

have been largely proposed as a novel and promising stem cell 

therapeutic approach in the treatment of RA. 

Cell therapy with mesenchymal stem/stromal cells (MSCs) is a very 

attractive new approach to address unresolved treatment issues for 

patients with RA. The interest surrounding the field of MSCs was initially 

based on their capacity for self-renewal and regeneration of tissues and 

organs. Subsequently, given their immunomodulatory properties, 

therapies with MSCs extended their therapeutic potential to chronic 

inflammatory processes. 

 

Mesenchymal stem cells (MSCs) are used in preclinical and clinical 
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studies for treatment of immune-mediated disorders, thanks to their 

immunomodulatory properties. Cell therapy with MSCs induces multiple 

effects in the immune system which ultimately lead to increase in the 

number of immune cells with regulatory phenotype 

A 2019 study conducted by Huang et al., involving 64 Rheumatoid 

Arthritis (RA) patients, found that Mesenchymal Stem cell therapy is a 

safe treatment option. All of the patients in the study showed no long-

term abnormalities in their routine blood examinations 

The study also found that Mesenchymal Stem Cell Therapy was an 

effective treatment option for Rheumatoid Arthritis.  

2.10.7.1 Mechanisms of action: (20) 

Numerous immune responses and mechanisms of action have been 

described for the immunomodulatory effect of MSCs. 

MSCs are able to mediate potent immunoregulatory effects through 

induction of factors, such as indoleamine 2,3-dioxygenase, prostaglandin 

E2, transforming growth factor β (TGF-β), and IL-10, among others.  

As a result, MSCs can dampen metabolic reprogramming of different 

types of immune cells, reduce the proliferation rate of actively dividing 

cells and inhibit the secretion of inflammatory cytokines.  

Furthermore, MSCs can promote monocyte differentiation into M2 

macrophage.  

MSCs can also inhibit monocyte differentiation into dendritic cells and 

skew them to a tolerogenic profile. Moreover, effects of MSCs on 

suppression of T helper 1 (Th1) cells and Th17 proliferationl together 

with regulatory T cells (Tregs) expansion have also been documented in 

many inflammatory conditions. 

 

2.10.7.2 Features of cancer stem cells: (20) 

1. In addition to their regenerative and immunomodulatory properties, 

MSCs have the advantage of being readily isolated and expanded 

in vitro.  

2. MSCs have a unique immunological profile that accounts for their 

immune privilege, which allows adoptive transfer in allogeneic 

recipients with minimal risk of rejection.  
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3. This peculiar biological aspect facilitates the allogeneic use of 

MSCs in the clinic, thus presenting the possibility of cell bank 

establishment from a rather limited number of MSC donors for 

widespread use in allogeneic unrelated recipients. 

 

Figure20: Mesenchymal stem cells 

 

 

 

2.10.7.3 Benefits of treating rheumatoid arthritis with stem 

cells: (52) 

Stem cell therapy may have a positive impact on RA patients.  The study 

conducted by Huang et al. demonstrated the long-term safety and efficacy 

of UC-MSC therapy in RA patients. The therapeutic effects of Umbilical 

Cord-Tissue Derived Mesenchymal Stem Cells can be maintained for three 

years, with stable clinical outcomes, which significantly improved RA 

patient's quality of life. 
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2.10.7.4 Risks and side effects to treatment RA: (50) 
 

1. Infection: 

Any time a cell leaves the body, it can become contaminated with 

viruses and bacteria, these pathogens can cause the person to 

become sick. And Even cells that come from the recipient’s own 

body can cause an infection or spread an existing infection. 

2. Exacerbation of RA: 

According to one 2014 review, the use of synovial MSCs to treat 

arthritic joints has the potential to worsen RA.  

3. Cancer: 

The authors of that same 2014 review note that intravenous 

administration of MSCs could suppress the immune response, 

which protects against cancerous cells. 

This could allow cancerous growths to manifest more easily. 
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 a form of cancer that Bone marrow cancer is )53: (Definition 3.1 

. your bonesinside  --the marrow  --starts in the spongy tissue 

Marrow's main job is to make blood cells. There are many different types 

.of blood and bone marrow cancer 

Several types of cancer, including multiple myeloma, leukemia, and 

lymphoma, can develop in the bone marrow. 

Bone marrow contains stem cells that develop into various types of blood 

cell, including: 

 Red blood cells,  

 White blood cells                                 

 Platelets,  

The body usually produces these blood cells when it needs them, such as 

when old blood cells die. Bone marrow cancer develops when these cells 

replicate too quickly  

 

                         Figure 21: Bone marrow cancer 

https://www.medicalnewstoday.com/articles/285666.php
https://www.medicalnewstoday.com/info/stem_cell/
https://www.medicalnewstoday.com/info/cancer-oncology/


55 
 

3.2 History of cancer: (54) 

Some of the earliest evidence of cancer is found among fossilized bone 

tumors, human mummies in ancient Egypt, and ancient manuscripts. 

Growths suggestive of the bone cancer called osteosarcoma have been 

seen in mummies. Bony skull destruction as seen in cancer of the head 

and neck has been found, too 

Oldest description of cancer was discovered in Egypt and dates back to 

about 3000 BC. It’s called the Edwin Smith Papyrus and is a copy of part 

of an ancient Egyptian textbook on trauma surgery. It describes 8 cases of 

tumors or ulcers of the breast that were removed by cauterization with a 

tool called the fire drill. The writing says about the disease, “There is no 

treatment. 

3.3 Types: (53) 

3.3.1 Multiple myeloma 

Multiple myeloma is a type of cancer that occurs in the plasma cells, 

which form in the bone marrow. Plasma cells play an important role in 

the immune system and make the antibodies that the body needs to fight 

foreign bacteria. 

 

Figure 22: Multiple myeloma 
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3.3.2 Leukemia:  

Leukemia's are cancers of the white blood cells. Sometimes, these 

types of cancer start in other types of blood cell and then spread, or 

metastasize, into the bone marrow. Acute leukemia's are fast growing 

cancers, while chronic leukemia's grow slowly.  

 

Figure 23: Leukemia 

  

Types of leukemia: 

Acute lymphocytic leukemia (ALL): This type of leukemia is more 

common in children than in adults. 

 

Figure 24: Acute lymphocytic leukemia 
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Acute myeloid leukemia (AML): AML is most common in older 

adults, although children may also develop it. 

 

Figure 25: Acute myeloid leukemia  

Chronic lymphocytic leukemia (CLL): This slow growing leukemia 

originates in the lymphocytes, a type of white blood cell, and it is 

more common in older adults.  

 

Figure 26: Chronic lymphocytic leukemia 

Chronic myeloid leukemia (CML): CML is rare. It starts in the bone 

marrow and spreads to the blood and other body tissues.  

 

Figure 27: Chronic myeloid leukemia  



58 
 

Chronic myelomonocytic leukemia (CMML): This type of leukemia 

grows in the bone marrow cells that produce other blood cells. It 

primarily affects older adults.  

 

Figure 28: Chronic myelomonocytic leukemia  

 

3.3.3 Lymphoma:                                                                                            

In people with lymphoma, cancer develops in the lymphocytes, which 

circulate in the blood and lymph tissue after their production in the bone 

marrow. Lymphoma can occur in many places in the body, including the 

bone marrow.  

Types of lymphoma: 

Non-Hodgkin lymphoma: This type of lymphoma can develop anywhere in 

the body, and it affects many different types of lymphocyte. 

 

Figure 29: Non-Hodgkin Lymphoma  
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Hodgkin lymphoma: Hodgkin lymphoma is also a type of cancer that affects 

lymphocytes. It is distinct from non-Hodgkin lymphoma due to the presence 

of a specific type of abnormal cell called a Reed-Sternberg cell (1) 
 

Figure 30: Hodgkin Lymphoma  

 

3.4 Symptoms: (53) 

3.4.1 Symptoms of multiple myeloma: 

 Bone pain or fractures 

 Fatigue 

 Increased rate of infections 

 Changes in urination frequency 

 Confusion 

 Thirst 

 Nausea or vomiting 

 Unexplained weight loss  

3.4.2 Symptoms of leukemia: 

 Weakness 

 Fatigue 

 Shortness of breath 

 Fever 

 Bone pain 

 Unexplained weight loss 
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 Night sweats 

 Enlarged lymph nodes 

 A swollen spleen 

 Frequent infections 

 Pale complexion 

 Frequent and unexplained bruising 

 Prolonged bleeding from small wounds 

 Body aches  

3.4.3 symptoms of lymphoma:  

 A persistent cough 

 Itchy skin 

 Lymph node pain after consuming alcohol 

 Loss of appetite 

 Abdominal pain 

 Itchy skin 

 Rashes or skin lumps 

 Feeling full or bloated, due to an enlarged spleen   

 

3.5 Risk Factors:  

3.5.1 Genetic conditions: (55) (56) 

A rare genetic condition called Li-Fraumeni syndrome can increase your 

risk of developing bone cancer, as well as several other types of cancer. 

People with this condition have a faulty version of a gene that usually 

helps stop the growth of tumors in the body.  

What is Li-Fraumeni Syndrome?  

The Li-Fraumeni Syndrome (LFS) is a hereditary cancer predisposition 

syndrome.  

What causes LFS?  

LFS is a hereditary genetic condition. This means that the cancer risk can 

be passed from generation to generation in a family. This condition is 

most commonly caused by a mutation (alteration) in a gene called TP53, 

which is the genetic blueprint for a protein called p53. The mutation takes 

away the gene’s ability to function correctly. Approximately 70% of 

families with LFS will have a mutation in the TP53 gene. 

  

https://www.medicalnewstoday.com/articles/146136.php
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3.5.2 Multiple myeloma: (57)                                                             

Chances of getting this type of bone marrow cancer goes up as age. It’s 

highest if over age 65. Men get it more than women. And, it’s more 

common among African-Americans than whites. 

 Other risk factors:  

1. A family history of myeloma 

2. Working in the oil industry 

3. Obesity or being overweight 

4. A history of other plasma cell diseases 

3.5.3 Acute Myeloid Leukemia: This is more common among men.  

Risk factors include: 

1. Smoking 

2. Long-term exposure to certain chemicals such as benzene 

3. Chemotherapy drug treatment for other cancers 

4. Radiation exposure, even to low doses such as X-rays or CT scans 

5. Certain blood problems 

6. Congenital diseases including Down syndrome 

7. Family history of the illness  

Chronic Myeloid Leukemia: 

1. High-dose radiation exposure (such as from a nuclear reactor 

accident). 

2. Age. Your risk goes up as you get older. 

3. Gender. It’s slightly more common in men than in women.  

 

Childhood Leukemia: Most kids with this disease don’t have any risk 

factors. And doctors don’t know exactly what causes it. Some things that 

may increase a child’s or teen’s chances of getting it include:  

Syndromes including Down Syndrome, Fanconi anemia, or other genetic 

syndromes 

1. Having another form of bone marrow disease 

2. Having a sibling with leukemia, especially an identical twin 

3. High-level radiation exposure (which can occur from treatment of a 

previous cancer) 
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4. Chemotherapy drugs and other chemicals, like benzene 

5. Immune suppression therapy (such as for organ transplant 

recipients)  

3.5.4 Lymphoma. This is more common among people over age 60. 

White people in the U.S. are more likely to develop it compared to 

African-Americans or Asian-Americans.  

Additional risk factors for lymphoma are:  

 Exposure to chemicals such as benzene, chemotherapy, and 

radiation therapy for other cancers 

 Autoimmune conditions like rheumatoid arthritis, lupus, and 

Sjogren’s Syndrome 

 Certain infections, like HIV or hepatitis C 

 Being overweight or obese 

 In rare cases, having breast implants  

3.6 Diagnosis (53) 

 Blood and urine tests: 

Can detect a specific protein that enters the circulation due to 

multiple myeloma. Blood tests can also provide information on 

kidney function, electrolyte levels, and blood cell count.  

 Bone marrow aspiration:  

By use a specialized needle to puncture one of the bones under 

anesthesia and withdraw a small sample of bone marrow. A 

specialist will examine the sample under a microscope to look for 

cancerous cells. 

 Imaging tests 

1. X ray   

2. CT scan 

3. MRI scan 

4. PET scan 
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3.7 Treatment: (58) 

3.7.1 Surgery, when used to treat cancer, is a procedure in which a 

surgeon removes cancer from body. 

3.7.2 Radiation therapy (also called radiotherapy) is a cancer treatment 

that uses high doses of radiation to kill cancer cells and shrink tumors. 

3.7.3 Chemotherapy  (also called chemo) is a type of cancer treatment 

that uses drugs to kill cancer cells. 

3.7.4 Immunotherapy is a type of cancer treatment that helps immune 

system fight cancer. The immune system helps body fight infections and 

other diseases. It is made up of white blood cells and organs and tissues 

of the lymph system. 

Immunotherapy is a type of biological therapy. Biological therapy is a 

type of treatment that uses substances made from living organisms to 

treat cancer. 

3.7.5 Targeted therapy is the foundation of precision medicine. It is a type 

of cancer treatment that targets proteins that control how cancer cells 

grow, divide, and spread. 

Most targeted therapies are either: 

Small-molecule drugs are small enough to enter cells easily, so they are 

used for targets that are inside cells. 

Monoclonal antibodies, also known as therapeutic antibodies, are proteins 

produced in the lab. These proteins are designed to attach to specific 

targets found on cancer cells.  monoclonal antibodies directly stop cancer 

cells from growing or cause them to self-destruct 

3.7.6Hormone therapy is a cancer treatment that slows or stops the 

growth of cancer that uses hormones to grow. 

3.7.7 Stem cell transplants are procedures that restore blood-forming stem 

cells in people who have had theirs destroyed by the very high doses of 

chemotherapy or radiation therapy that are used to treat certain cancers 

 

 

 

https://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000046476&version=Patient&language=en
https://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000045713&version=Patient&language=English
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3.7.7.1 Blood or marrow transplant (BMT): (59) 

A blood or marrow transplant (BMT) replaces unhealthy blood-forming 

cells with healthy ones. Blood-forming cells (blood stem cells) are immature 

cells that grow into red blood cells, white blood cells and platelets. They’re 

found in the soft tissue inside bones, called bone marrow. When they’re 

mature, they leave the marrow and enter the bloodstream. 

Before transplant, you receive chemotherapy (chemo) and sometimes 

radiation to destroy the diseased cells and marrow. Then, the healthy cells 

are given  

BMT is not surgery. The new cells go into your bloodstream through an 

intravenous (IV) catheter or tube. It’s just like getting blood or medicine 

through an IV. From there, the cells find their way into marrow. It can take 

months or years to recover from BMT  

3.7.7.2 History of Bone Marrow Transplantation: (60)  

In 1956, the first successful bone marrow transplant was performed by 

Dr. E. Donnall Thomas in Cooperstown, New York. A child with leukemia 

received a transplant with bone marrow from their identical twin. Two 

years later, French immunologist Dr. Jean Dausset discovered human 

leukocyte antigens (HLA). This group of proteins regulates the immune 

system and recognizes what belongs in the body and what does not. HLA 

compatibility between recipient and donor is vital for a successful 

transplant. 

In 1973, the first successful bone marrow transplant with unrelated patients 

occurred. In the 1980s, the National Marrow Donor Program and the Bone 

Marrow Donors Worldwide program were established, finally making it 

possible for patients to be matched with unrelated donors.  

In the 1990s, transplants with stem cells in umbilical cord blood began to 

be used as well. Cord blood allows for mismatched transplants. 

Therapeutic advances have also allowed for half-matched transplants, 

such as from a parent or child, in recent years.  
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Other names for bone marrow transplant: 

 Allo Allogenic transplant 

 Auto Autologous transplant 

 BMT blood or marrow transplant 

 Haplo haploidentical, or half-matched, transplant  

 HCT hematopoietic cell transplant 

 SCT stem cell transplant 

 

3.7.7.3 Types of transplants: (60) 

There are different types of bone marrow/stem cell transplants. The 2 main 

types are: 

3.7.7.3.1 Autologous transplant. Stem cells for an autologous transplant 

come from your own body. Sometimes, cancer is treated with a high-dose, 

intensive chemotherapy or radiation therapy treatment. This type of 

treatment can damage your stem cells and your immune system. That's why 

doctors remove, or rescue, your stem cells from your blood or bone marrow 

before the cancer treatment begins. 

After chemotherapy, the stem cells are returned to your body, restoring your 

immune system and your body's ability to produce blood cells and fight 

infection. This process is also called an AUTO transplant or stem cell 

rescue. 

3.7.7.3.2 Allogenic transplant. Stem cells for an allogenic transplant come 

from another person, called a donor. The donor's stem cells are given to the 

patient after the patient has chemotherapy and/or radiation therapy. This is 

also called an ALLO transplant. 

 

Many people have a “graft-versus-cancer cell effect” during an ALLO 

transplant. This is when the new stem cells recognize and destroy cancer 

cells that are still in the body. This is the main way ALLO transplants work 

to treat the cancer. 

Finding a “donor match” is a necessary step for an ALLO transplant. A 

match is a healthy donor whose blood proteins, called human leukocyte 

antigens (HLA), closely match yours. This process is called HLA typing. 

Siblings from the same parents are often the best match, but another family 

member or an unrelated volunteer can be a match too. If your donor’s 
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proteins closely match yours, you are less likely to get a serious side effect 

called graft-versus-host disease (GVHD). In this condition, the healthy 

transplant cells attack your cells. 

If health care team cannot find a donor match, there are other options. 

3.7.7.3.3 Umbilical cord blood transplant. In this type of transplant, stem 

cells from umbilical cord blood are used. The umbilical cord connects a 

fetus to its mother before birth. After birth, the baby does not need it. Cancer 

centers around the world use cord blood. 

3.7.7.3.4 Parent-child transplant and haplotype mismatched transplant. Cells 

from a parent, child, brother, or sister are not always a perfect match for a 

patient's HLA type, but they are a 50% match. Doctors are using these types 

of transplants more often, to expand the use of transplantation as an 

effective cancer treatment  

 

3.7.7.4 Autologous transplant: (61)  

Step 1: Collecting stem cells. This step takes several days. First, given 

injections (shots) of a medication to increase your stem cells. Then health 

care team collects the stem cells through a vein in arm or chest. The cells 

will be stored until they are needed. 

Step 2: Pre-transplant treatment. This step takes 5 to 10 days.  is obtained 

get a high dose of chemotherapy. Occasionally, patients also have radiation 

therapy. 

Step 3: Getting stem cells back. This step is transplant day. It takes about 30 

minutes for each dose of stem cells. This is called an infusion. Health care 

team puts the stem cells back into bloodstream through the catheter. might 

have more than one infusion. 

Step 4: Recovery. doctor will closely monitor cells' recovery and growth and 

with giving antibiotics to reduce infection. Your health care team will also 

treat any side effects. This type of transplant is often used to treat blood 

cancers such as Hodgkin lymphoma, non-Hodgkin lymphoma and myeloma. 

(62) 

 

"For scientific honesty, the image was quoted from another reference and 

the steps were increased."  
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Figure 31: Autologous transplant  
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3.7.7.5 Allogenic transplant: (61) 

Step 1: Donor identification. A matched donor must be found before the 

ALLO transplant process can be. HLA type will be found through blood 

testing. Then, health care team will work to do HLA testing on potential 

donors in family, and if needed, to search a volunteer registry of unrelated 

donors. 

 

Step 2: Collecting stem cells from donor. Health care team will collect cells 

from either donor’s blood or bone marrow. If the cells are coming from the 

bloodstream, donor will get daily injections (shots) of a medication to 

increase white cells in their blood for a few days before the collection. Then, 

the stem cells are collected from their bloodstream. If the cells are coming 

from bone marrow, your donor has a procedure called a bone marrow 

harvest in a hospital's operating room. 

 

Step 3: Pre-transplant treatment. This step takes 5 to 7 days. With giving 

chemotherapy, with or without radiation therapy, to prepare body to receive 

the donor's cells. 

 

Step 4: Getting the donor cells. This step is transplant day. Health care team 

puts, or infuses, the donor’s stem cells into bloodstream through the 

catheter. Getting the donor cells usually takes less than an hour. 

 

Step 5: Recovery. During your initial recovery, is give antibiotics to reduce 

risk of infection and other drugs, including medications to prevent and/or 

manage GVHD. Health care team will also treat any side effects from the 

transplant. 

 

"For scientific honesty, the image was quoted from another reference and 

the steps were reduced."  
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Figure 32: Allogenic transplant 
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3.7.7.6 Reduced intensity allogeneic stem cell transplants: (62) 

May be an appropriate treatment for some older or sicker patient 

Reduced-intensity allogeneic transplantation (sometimes called “mini-

transplant” or “nonmyeloablative transplant”) uses lower, less toxic doses of 

chemotherapy and radiation than the conditioning regimen that is given 

before standard allogeneic transplantations. This type of transplant may be 

an option for certain patients who are older, who have organ complications 

or who are otherwise not healthy or strong enough to undergo standard 

allogeneic transplantation. With a reduced intensity conditioning regimen, 

the patient’s blood counts may not fall as low as they would with high-dose 

chemotherapy. Additionally, the less toxic regimens put less strain on the 

patient’s major organs, making this regimen more tolerable and safer. 

Sufficient numbers of reduced-intensity allogeneic stem cell transplants 

have been performed to conclude that it may be an appropriate treatment for 

certain older, sicker patients who cannot tolerate a high-dose conditioning 

regimen. 

The success of reduced-intensity transplantation depends on the graft-versus 

tumor (GVT) effect of the donor stem cells, rather than on high-dose 

treatments to kill the cancer cells. The goal is to have the donor stem cells 

take up residence in the recipient’s marrow and produce lymphocytes (white 

blood cells, part of the immune system) that will attack the patient’s 

remaining blood-cancer cells. The conditioning regimen for a reduced-

intensity allogeneic transplantation does not destroy as many cancer cells as 

the regimen for a standard allogeneic transplantation. But this conditioning 

regimen—along with potent drugs to suppress the patient’s immune 

system—should weaken the patient’s immune system enough so that it 

cannot attack and reject the donor cells, allowing the donor cells to take over 

the bone marrow and produce a new immune system to fight the cancer.  

Donor lymphocyte infusion: 

Some instances, blood cells from both the donor and the patient may exist 

in the patient’s bone marrow for some time after transplantation. When 

the donor’s immune system does not completely replace that of the 

patient (a state called “mixed chimerism”), the patient may be given an 

injection of the donor’s lymphocytes (white blood cells) to improve 

engraftment and possibly the immune system’s antitumor effects. This 

procedure is called a “donor lymphocyte infusion” (DLI).  
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Figure 33: Reduced intensity allogeneic stem cell transplants  

 

3.7.7.7 Placental and Cord-Blood Transplants: (63)  

For many patients waiting to be matched to a suitable donor, or for those 

unable to find one, umbilical cord blood is now a readily available, easy-

to-store alternative. Even with a 1- or 2-antigen mismatch, cord-blood 

transplants succeed in a greater percent of cases than occurs with equally 

mismatched bone marrow transplants. This discovery greatly increases 

the transplant options for minorities who are under-represented in the 

donor pool. And cord blood is unlikely to harbor a virus called the 

cytomegalovirus that can cause life-threatening infections and 

contaminates about 10 percent of marrow donations. 

On the other hand, there is a slight risk that maternal cells or genetic 

disease in the child could contaminate the cord-blood donation. And cord 

transplants contain only about 1/10 of the number of cells that can be 
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harvested from a bone marrow transplant. Another concern is that cord-

blood transplants require more time to "take" in the recipient's bone 

marrow, leaving the patient vulnerable to infection longer. 

3.7.7.8 Potential Complications: 

Possible Complications 

One complication of allogeneic transplantation is that the patient’s 

body—despite the treatment to suppress the immune system—may reject 

the donated stem cells before they are able to engraft in the bone marrow. 

The patient’s immune cells may see the donor’s cells as foreign and 

destroy them. 

Another complication of allogeneic transplantation is that the immune 

cells from the donor (the graft) may attack healthy cells in the patient’s 

body (host). This is called “graft-versus-host-disease" (GVHD). The parts 

of the body that are most commonly damaged by GVHD are the skin, 

intestines, liver, muscles, joints and eyes. Graft-versus-host disease can 

be mild, moderate or severe. There are treatments for GVHD, but in some 

patients, GVHD does not respond to treatment and can be fatal.  

 

a patient receiving an allogeneic stem cell transplant will receive some 

type of GVHD prevention. This may include removing T cells from the 

donor graft and/or giving medications to suppress the T cells in the graft 

so that they do not attack the patient’s cells. There is no standard regimen 

for the prevention of GVHD, and different combinations of medications 

are given at different institutions. Some common medications that are 

given to prevent GVHD include 

 Methotrexate  

 Cyclosporine 

 Tacrolimus  

 Mycophenolate mofetil   
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 Sirolimus  

 Corticosteroids (methylprednisolone or prednisone) 

 Antithymocyte globulin (ATG) 

 Alemtuzumab  

 Cyclophospamide  

There are two main categories of GVHD: acute graft-versus-host disease 

and chronic graft-versus-host disease. Each type affects different organs 

and tissues and has different signs and symptoms. Patients may develop 

one type, both types, or neither type.  

3.7.7.8.1 Acute GVHD 

This usually develops within the first 100 days after transplantation, but it 

can occur later. Acute GVHD can affect the skin, the gastrointestinal tract 

or the liver. Symptoms may include 

A rash, with burning and redness of the skin. This may erupt on the 

patient’s palms or the soles of the feet, and often involves the trunk and 

other extremities as well. The skin may blister, and in severe cases of 

GVHD, the exposed surface of the skin may flake off. 

Nausea, vomiting, abdominal cramps, loss of appetite and diarrhea 

indicate involvement of the gastrointestinal tract. 

Jaundice (yellowing of the skin or eyes) may indicate that GVHD has 

injured the liver. Abnormalities of liver function would be noticed on 

blood test results. 

Many patients who develop acute GVHD are successfully treated with 

increased immunosuppression in the form of corticosteroids (medicines 

such as prednisone, methylprednisolone, dexamethasone, beclomethasone 

and budesonide).  

Patients with mild skin-only acute GVHD will usually continue with their 

original medications such as cyclosporine or tacrolimus and add a topical 
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steroid cream (topical means applied directly to a part of the body) to 

their treatment plan. 

Treatment for patients with systemic or “whole-system” manifestations 

and/or more severe acute GVHD usually consists of continuing the 

original immunosuppressive prevention and adding a corticosteroid such 

as methylprednisolone or prednisone.  

The Food and Drug Administration (FDA) has approved the drug 

Ruxolitinib for the treatment of steroid-refractory acute GVHD in adult 

and pediatric patients 12 years and older. 

3.7.7.8.2 Chronic GVHD 

This is a syndrome that may involve a single organ or several organs. It is 

one of the leading causes of medical problems and death after an 

allogeneic stem cell transplantation. Symptoms may include 

Mouth. Patients with GVHD may experience 

 A very dry mouth  

 Sensitivity to hot, cold, spicy and acidic foods; mint (eg, mint 

flavored toothpaste); carbonated drinks 

 Painful mouth ulcers that may extend down the throat 

 Difficulty eating 

 Gum disease and tooth decay 

Skin. Patients with GVHD may have 

 A rash 

 Dry, tight, itchy skin 

 Thickening and tightening of the skin, which may result in 

restriction of joint movement 

 A change in skin color 

 Intolerance to temperature changes due to damaged sweat glands 
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Nails. Patients with GVHD may experience 

 Changes in nail texture 

 Hard, brittle nails 

 Nail loss 

Scalp and Body Hair. Patients with GVHD may notice 

 Loss of hair on the head 

 Premature gray hair 

 Loss of body hair 

Gastrointestinal Tract. Patients with GVHD may experience 

 Loss of appetite 

 Unexplained weight loss 

 Nausea 

 Vomiting 

 Diarrhea 

 Stomach pain 

Lungs. Patents with GVHD may suffer from 

 Shortness of breath and difficulty breathing 

 A persistent, chronic cough that does not go away 

 Wheezing 

Liver. A patient with GVHD may have 

 Abdominal swelling 

 Jaundice (yellow discoloration of the skin and/or eyes) 

 Abnormal liver function test results 

Muscles and Joints. Side effects of GVHD may include 

 Muscle weakness and cramps 
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 Joint stiffness causing difficult full extension of fingers, wrists, 

elbows, knees, ankles. 

 Genitalia. Chronic GVHD can have the following effects on the 

genitalia of women and men:  

Female 

 Vaginal dryness, itching and pain 

 Vaginal ulcerations and scarring 

 Narrowing of the vagina 

 Difficult /painful intercourse 

Male 

 Narrowing and/or scarring of the urethra 

 Itching or scarring on the penis and scrotum 

 Irritation of the penis 

Patients with mild symptoms of chronic GVHD, especially if the 

symptoms are limited to a single organ or site, can often be treated with 

close observation or with local/topical therapies. For example, mild cases 

of chronic skin GVHD may be treated with topical steroid ointments and 

cases of chronic ocular (eye) GVHD may be treated with 

immunosuppressive eye drops. 

Patients with more severe symptoms or multi organ involvement chronic 

GVHD typically require “systemic” treatment, which travels through the 

bloodstream and reaches cells throughout the entire body. Prednisone is 

the standard first-line therapy for chronic GVHD. For patients who do not 

respond to prednisone or other steroid treatments, the Food and Drug 

Administration (FDA) has approved the drug ibrutinib as a second-line 

treatment for adult patients with chronic GVHD after one or more other 

treatments have failed. Other combinations of immune suppressive drugs 

may be used to control the symptoms of GVHD.  
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3.7.7.8.2.1 Special case: (64) 

Effective allogeneic stem cell transplantation (SCT) regimens have 

been established using human leukocyte antigen (HLA)-matched 

donors. 

In allogeneic SCT, 2 immunological barriers must be overcome: {1} the 

rejection barrier, or host-versus-graft (HVG) reaction, and {2} the graft-

versus-host (GVH) reaction. Because the occurrence of rejection or 

severe acute GVH disease (GVHD) is reportedly associated with the 

degree of HLA incompatibility between the donor and recipient [1, 2], 

One useful approach to overcoming these barriers is to use T-cell–

depleted grafts. Since the 1990s, HLA 2–3 antigen-mismatched 

(haploidentical) SCT has been investigated by several groups: 

 Partial T-cell depletion combined with intensive 

immunosuppression  

 Cell transplantation + megadose CD34 [cell graft improve 

recovery of T cell engraftment (65)] 

These studies produced encouraging outcomes regarding the achievement 

of engraftment or suppression of GVHD.  

3.7.7.8.2.2 Three Most Important Antigens (63): 

Some donor "self" antigens are more antigenic than others, which means 

they are better at triggering an unwanted immune reaction in the 

transplant patient. By studying successful cases of blood stem cell 

transplantations, doctors have identified the three most important antigens 

to match when choosing "non-self" donors for a transplant. Matching 

these helps to minimize the chances of graft vs. host or host vs. graft 

attacks. The antigens are Human leukocyte antigen (HLA) 

HLA-A, HLA-B, and HLA-DR. 

3.7.7.8.2.2.1 Match 3 antigens 

More than 90 percent of patients can find a Haplo-identical donor if they 

are willing to accept a 3-antigen match. Sometimes this is medically 

necessary, as when severely ill patients cannot wait the several months it 
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may take to find a 4-, 5-, or 6-antigen matched donor. Patients accepting a 

3-antigen Haplo-identical match also accept a serious risk of suffering an 

immune cell attack on their tissues by the transplant (graft vs. host 

disease), or of having their body reject the transplant (host vs. graft). 

3.7.7.9 Mechanism Blood Stem Cell Transplant Works: (63) 

The newly transplanted cells home to bone marrow, engraft, then begin to 

produce healthy new blood cells. Peripheral blood stem cells generally 

restore the bone marrow within about two weeks, but it can take up to 

five weeks if the stem cells come from the marrow itself. Restoring 

complete immune function can take several months in autologous 

transplants, and one to two years in allogeneic transplants. During the 

patient's recovery, doctors can determine whether the cancer has returned 

by taking blood samples or aspirating small amounts of bone marrow 

through a needle for biopsy 
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Practical Section 

 

On a visit we made to the stem cell bank at Al-Assad University Hospital 

in Damascus. The bank was newly implemented, and the donors were 

few. In this visit, we learned about the types of stem cells and how to 

preserve them. Stem cells are harvested from the umbilical cord of the 

fetus only after birth, as the stem cells were stored in liquid nitrogen 

vapor until use and are not affected by the duration of preservation. 

On another visit to the Stem Cell Transplant Center at the Children's 

Hospital in Damascus, we concluded that the stem cell treatment method 

has not yet been applied in these departments, but hopes are promising 

and work is currently underway. As the stem cell transplant center started 

preparing some patients with cancer to apply stem cell transplantation 

techniques in their treatment. 
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Conclusion: 

In conclusion, this research dealt with stem cell therapy because of its 

promising results in the treatment of rheumatoid arthritis and bone 

marrow cancer. 

In the first chapter, stem cells, a group of undifferentiated cells 

distinguished by their ability to reproduce extensively (self-renewal), 

their types, uses and methods of obtaining them are reviewed. 

In the second chapter, rheumatoid arthritis, a chronic intrinsic 

autoimmune disease that generally affects joints, is explained. 

Finally, in the third trimester, bone marrow carcinoma, an abnormal rapid 

growth of cells in the bone marrow, is demonstrated.  

The history of the disease, its types, symptoms resulting from infection, 

risk factors eligible for its occurrence, how it is diagnosed and how it is 

treated with all the methods currently used, highlighting the use of stem 

cells as a modern treatment. 
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